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Sixty years of Soviet science 


NEXT WEEK, on 7 November, the Soviet Union celebrates 
the sixtieth anniversary of the October Revolution. The 
discrepancy in dates, reflecting the change-over from 
Julian to Gregorian reckoning, neatly symbolises one of 
the major results of the Revolution—a commitment to 
implementing the results of modern scientific progress 
in the building of socialism. 

For forty years, this policy was viewed from abroad 
as no more than an attempt to catch up with the 
burgeoning Western industrial economies. Soviet 
leaders’ remarks about ‘outstripping’ the West were 
dismissed as mere propaganda—until the bleeps of 
Sputnik 1 sent Western scientists running to their 
Russian primers and added to the information explosion 
an ever-increasing flood of cover-to-cover translations 
of Soviet journals. . 

One well-worn theme of Soviet writers on naukovedenie 
(the science of science) is that Soviet science must 1n- 
evitably overtake the bourgeois variety, owing to its 
superior ideological basis. While we cannot support the 
idea that science, properly speaking, can belong to this 
or that political system, there does seem to be a 
distinct sociological phenomenon which may be termed 
‘Soviet science’— science carried out within and in the 
service of the Soviet State planning structure. Within 
this system science, like every other branch of produc- 
tion, is organised into neat five-year planning blocks. 
Research is envisaged officially as a search for ‘solu- 
tions’ to particular problems of the national economy, 
with the All-Union Academy of Sciences as ‘coordinator 
for the whole scientific work of the country’, and in- 
creasingly centralised control and ‘unification’ of 
academic institutions. 

Unfortunately, it is precisely this centralised control 
which has led to major set backs for science in the 
Soviet Union, when high-level intervention by planners 
or ideologues overrode the scientists’ desired research 
programmes. Lysenkoism, Stalins attempt to ban 
quantum mechanics, the slow start in cybernetics Cit 
appeared contrary to certain dicta of Marx and Lenin) 
are hardly a convincing argument for leaving decision- 
making in the hands of the State Planning Commission. 
Nor has this trend ceased. In recent years, the psycho- 


logical theories of Snezhnevskii, who would attribute all 
mental disturbance and social nonconformity to 
schizophrenia, even when no schizophrenic symptoms 
are discernible, have begun to acquire the status of 
official dogma, and seem well on their way to repeating, 
in psychology, the disastrous course into which Lysenko- 
ism led Soviet biology. 

While the days are long past when a student might 
be asked to comment on the ‘class significance’ of a 
differential equation, ideological soundness remains a 
matter of utmost concern to the Soviet authorities. 
According to the latest (1976) regulations, a postulant 
for a higher degree must “combine a profound pro- 
fessional knowledge with a mastery of Marxist- 
Leninist theory and with the convictions of an active 
builder of Communist society”. Official biographies and 
obituaries describe a scientist’s minor Party offices as 
meticulously as his academic laurels. Organisers of 
international conferences know all too well that a 
Russian scientist of world repute will frequently fail to 
appear, being replaced by a junior colleague of mediocre 
scientific ability but greater Party commitment. 

No one can deny the considerable achievement in 
Soviet science and technology over the last six decades, 
nor the fact that certain achievements, notably major 
irrigation projects, the space programme or the devel- 
opment of the resources of Siberia, would hardly have 
been possible without a centralised planning system. In 
the eyes of the comrade-in-the-street, science and 
scientists have acquired considerable charisma. Orders 
and decorations are regularly bestowed on deserving 
scientists by a grateful government. 

Yet, by a typically Russian paradox, the constitu- 
tional position of scientists was until now anomalous in 
a State based officially on the union of workers and 
peasants. Only in the past month, with the publication 
of the revised constitution, has this been extended to 
read “workers, peasants, and intelligentsia”. Recognised 
at last as part of the basis of the State, it is to be hoped 
that Soviet scientists will receive as an anniversary 
present a greater measure of freedom of movement and | 
immunity from bureaucratic interference without which 
no science can effectively flourish. O 
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The lipid hypothesis: orthodoxy by default? 





John Rivers, a London-based nutritionist, looks at the 
debate over diet and coronary heart disease 





Dr George Mann is a university teacher, a physician, 
a nutritionist and a heretic. He is one of the small 
number of outspoken opponents of the theory that the 
key to the modern epidemic of coronary heart disease 
(CHD) is the consumption of too much fat which is too 
high in cholesterol and thas too low a ratio of poly- 
unsaturated to saturated fatty acids. That this opposition 
should justify the term ‘heretic’ is not a reflection of the 
unchallengeable nature of the evidence supporting the 
‘lipid hypothesis’, but the extent to which official gatherings 
of experts in different countries have made it national 
policy. 

CHD is a sudden event, but as it only occurs in arteries 
narrowed and made less resilient by ‘atherosclerosis, its 
origin must be sought in the factors which lead to years 
of deposition of cholesterol-rich atheromatous plaques. 
Virchow’s observation over a century ago that the 
cholesterol in these plaques is derived from serum 
cholesterol suggested high serum cholesterol was the 
primary cause. Ample epidemiological evidence backs this 
view. The disagreement starts when one seeks the cause 
of ‘thigh serum cholesterol. 

As over 90% of our body cholesterol is endogenously 
synthesised, Mann dismisses dietary cholesterol as an 
important determinant of serum cholesterol. Rather, he 
suggests, one should look for factors which alter rates of 
synthesis or excretion. In his view the latter is crucial, 
and he notes a reduction in cholesterol breakdown is 
known to result from exposure to high levels of atmospheric 
carbon monoxide—hence the importance attached to 
smoking and pollution—and from consumption of trans 
unsaturated fatty acids. 

Powerful evidence can be adduced to support his view 
that present dietary hypotheses of hypercholesterolaemia 
are mistaken. For example, a recent study of 2,000 subjects 
in Michigan found no significant differences in intakes 
of energy, total fat, unsaturated fat, saturated fat, or 
cholesterol between the upper and lower tertiles for serum 
cholesterol. What ultimately matters, however, is not the 
effect of diet on serum cholesterol but its impact upon 
mortality from CHD. Reviewing the dietary modification 
trials that have been conducted to date, Mann concludes 
that differences in mortality in primary or secondary 
clinical trials have yet to be shown. Although mortality 
from CHD is reduced in some, a diagnosis of the cause of 
death is relatively soft data, and the total death rate 
has remained constant. Mann argues that if CHD mortality 
really fell in these trials, mortality from something else 
must have risen for the total deaths to have been constant. 
He points out that this often seems to be cancer. 

The idea that polyunsaturated fats predispose towards 
cancer dates from the studies of Pearce and Dayton 
(Lancet i, 464-467, 1974). Many nutritionists regard the 
idea as unproven—at the least the evidence about it is 
conflicting. But it is Morton’s Fork. If, like Heyden (in 
The Role of Fats in Human Nutrition, Academic Press, 
1975), one dismisses the apparent rise in cancer deaths as 
due to poor design of the trials, then the trials are also too 
poor to provide evidence about deaths from CHD. The 
trouble, says Mann, is that the experiments are not 
scientific. Scientists should design experiments to disprove 
hypotheses—dietary trials are still being done to confirm 
them. Because the lipid hypothesis is still not proven after 
27 years, he says, the time has come for a rethink. 

More troubling than Mann’s scientific objections to the 


lipid hypothesis are the effects that widespread acceptance 
of it has had. It has become self-sustaining: heretical 
opponents find it difficult to obtain research funds, and 
the medical hypothesis is being increasingly used as an 
advertising ploy—a massive vegetable oil industry needs 
evidence for the benefits of polyunsaturated fats. 

Even more important, though, we may be doing exactly 
the wrong thing. Pursuit of the lipid hypothesis does not 
mean just swapping polyunsaturates for saturates. Poly- 
unsaturates are too unstable, so much of the extra poly- 
unsaturated fatty acids are provided by the substitution 
of soft margarines and stabilised vegetable oils for butter 
and animal fats. The trouble is, both changes lead to a 
dramatic increase in consumption of trans fatty acids, 
compounds whose known hypercholesterolaemic effect 
(Vergrossen and Gottenbos, The Role of Fats in Human 
Nutrition) outweighs the putative benefits of poly- 
unsaturated fats. 

Butter contains 8% of its fatty acids as trans isomers, 
the product of biohydrogenation in the rumen. Vegetable 
oils, which like soft margarines are usually partially 
hydrogenated, contain trans fatty acid levels of up to 
40%. Manufacturers of polyunsaturated oils and margarines 
may proudly state that they are high in polyunsaturates, 
but they do not state the levels of trans fatty acids, nor 
do they feel obliged to point out the crucial modification 
that those fatty acids may have undergone. 

Like many of the critics of the lipid hypothesis, Mann 
has sought supporting evidence for his view from studies 
on the Masai. These meat- and milk-eating pastoralists 
have low serum cholesterol in spite of a high consumption 
of animal products. Mann argues that this can be expected 
—they have low levels of environmental pollution and eat 
little trans fatty acid. Nevertheless, his studies on 50 aortae 
obtained post mortem show that they do get atheroma but 
its effects are minimised by the tendency of the coronary 
artery to widen with age. This Mann attributes to heavy 
exercise, pointing to epidemiological studies which show a 
protective effect of heavy exercise. The question obtrudes 
itself. Is a dietary solution being sought because it is more 
acceptable than exercise? 

It was sad that, to hear Mann talk, I had to attend a 
press gathering organised by the Butter Information 
Council, a public relations body representing the dairy 
industries of Europe. One must regret that he was not 
asked to present his views to a scientific audience, although 
they do have available a good summary in his latest paper 
(New England Journal of Medicine 297, 644-650, 1977). 
Our dietetic fate is in danger of being decided by a public 
relations battle between margarine salesmen and cowherds. 

In the face of this, however, we cannot seek reassurance 
from the deliberations of the expert committees on the 
topic. Two successive UK committees on heart disease, 
under the aegis of the Department of Health and Social 
Security (Diet and Coronary Heart Disease, HMSO, 1974), 
and the Royal College of Physicians (J.. Roy. Coll. Physi- 
cians, 10, 213, 1976), have come to diametrically opposed 
conclusions about the value of the lipid hypothesis. The 
evidence available to both was substantially the same. The 
latest report, from a US Senate Committee under Senator 
George McGovern, has recommended among other things 
a reduction by 30% in dietary total fat intake accompanied 
by a 50% rise in the consumption of polyunsaturated fatty 
acids. Such sweeping changes are only likely to be achieved 
by a substantial shift towards the use of vegetable oils 
and, according to Mann, may cause more problems than 
they solve. Not all that he says is convincing, but it is 
a powerful criticism of a view that is in danger of 
becoming orthodoxy by default. O 
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Improving bench work 


Recent legislation affecting employment in Sweden 
has implications for research, as Wendy Barnaby explains 


HOULD research be regulated by 

the laws that govern industry, or 
is research a special kind of activity 
needing a different set of laws? The 
question arises in Sweden as a result 
of legislation over the past couple of 
years to strengthen the employee’s 
position in relation to the employer, 
and it has a good number of scientists 
worried. For although a few very small 
categories of employees are exempted, 
the laws apply to all sorts of working 
places, and these include universities, 
research institutes as well as factories, 
bureaucracies and businesses. Given 
the different needs of these organisa- 
tions, the question arises whether it is 
possible to design one set of rules which 
will secure the employees’ place within 
them and at the same time improve 
the quality of their output. It is 
becoming obvious that the answer is 
no. 

The Law on Security of Employ- 
ment, which came into effect on 1 July 
1974, is the one with the most 
dramatic effects on research. Its basic 
tenets are that employment is to last 
until further notice, which cannot be 
given without reasonable cause. An 
employee who is dismissed can contest 
the dismissal in a court of law and is 
generally entitled to keep his job while 
the case is being decided. The law thus 
abolishes the traditional principle that 
the employer can fire employees as he 
sees fit. It also contains various rules 
about the order in which employees are 
to be laid off in times when there is 
no work for them to do (a ‘last in 
first out’ basis) and specifies that an 
employee laid off for this reason has 
first option on new jobs with his old 
employer for a year after his dismissal. 

The Social Democrats’ intention in 
passing this law was to protect lower- 
paid workers whose jobs were at the 
mercy of market trends. It is a long 
way from the conveyor belt at Volvo 
to university laboratories, yet the law 
applies to people working at both. In 
practice, it has meant that university 
lecturers have gained security in their 
jobs instead of having to re-apply for 
them annually or every third year. Only 
one category is still competitive, that 
of research assistant (forskarassistent), 
a position filled by a newly-graded 
PhD who has to re-apply for it after 
three years. The reasoning behind this 
exemption, according to a representa- 
tive of the academics’ union at one of 
Sweden’s larger universities, is that 
possibilities should be kept open for 


PhD’s who want to go on researching 
and teaching. 

On paper some flexibility has also 
been maintained with the prestigious 
position of docent, the last of the step- 
ping stones to professorial rank. A 
docent’s contract lasts for three years, 
after which time it may or may not be 
renewed. Because most docents are in 
their forties and fifties and have prob- 
ably spent all their working lives at 
the university, it looked too callous to 
throw them out on to the street if they 
had become stale in their research. 
Under the law, therefore, the uni- 
versity is obliged to create for any 
docent whose contract is not renewed 
a new position at equivalent salary but 
not involving research. The funds for 
this are to come out of the university’s 
research revenues. It is an extremely 
expensive way out, so expensive that 
it is hardly ever resorted to. In 
practice, docents have tenure. 

Thus, after the statutory six months 
probation period, all members of a 
university department except research 
assistants have tenure, with docents’ 
security practically assured. The re- 
sults are not hard to imagine. No 
incompetents can be fired, so no new 
blood (except research assistants) can 
be hired. There is minimal circulation 
of staff and, many complain, a loss of 
creative atmosphere. The Rektor of 
Uppsala University, Professor Torgny 
Segerstedt, says there is an enormous 
risk that research will become very 
static. 

Its effects will be felt in other ways, 
too. “I don’t dare hire a new secre- 
tary’, says one professor, “‘because l 
know Ill never be able to get rid of 
her if she turns out to be no good.” A 
microbiologist complains: “I have a 
good research project I'd like to start, 
and I’ve even got a grant for it. But 
I can’t hire a laboratory assistant. We 
could be stuck with him for ever”. In 
theory, the law allows short-term 
contracts for specialists hired for a 
particular task, but in practice this may 
be impossible to enforce because it is 
difficult to identify a scientific project 
as a special job being done in an in- 
stitute concerned with the same area of 
research. An assistant employed on, 
say, a two-year project who wants to 
stay at its completion would probably 
succeed in proving that he has taken 
part both in the specialised project and 
in the general work of the institute, 
and would then be considered to have 
been employed by the institute as 
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such. 

Against defenders of the law who say 
that research council grants will keep 
some turnover in projects and person- 
nel, it is argued that such grants will 
become just as tied up as ordinary 
projects because they are formally 
given to the universities which then 
pass them on to the successful appli- 
cants. When any project is over, there- 
fore, the researchers could claim that 
it had been the university, not the 
Council, that had been employing 
them, and demand to stay. At this 
point the university would be obliged 
to see if it could find the displaced 
researcher a job he was competent to 
do, even if he was not enthusiastic 
about it. 

Thus, a research biologist could be 
offered a job tutoring biology to first- 
year students, if such a vacancy were 
available. If no department had any 
suitable vacancy, the university would 
be entitled to fire him on the grounds 
of there being no work for him to do. 
In practice the university, acting 
totally within the law, has retained dis- 
placed researchers by firing the most- 
recently employed members of staff in 
jobs suited to the displaced researchers’ 
qualifications. In small institutes, how- 
ever, the regular staff normally 
dependent on research grants have to 
leave if their grants are not renewed. 

It is difficult to see how, under the 
law, any research project could be 
abandoned while the researchers wanted 
to carry on with it. This raises ques- 
tions about the whole direction of 
research: how to drop enquiries which 
are no longer interesting or profitable, 
and how to swing research into new 
channels. Problems would arise not so 
much at the end as at the beginning 
of new projects. Unless job security for 
skilled technicians can be provided, 
they won’t be there in the first place. 


Working life law 
The other law making itself felt at 


research institutes is the Act on the 
Joint Regulation of Working Life 
(Medbestimmandelag, MBL), which 


came into force at the beginning of 
this year. Its purpose is to increase 
union participation in decision-making, 
It does this partly through revising the 
rules about decision-making, so that the 
management has to inform and nego- 
tiate with the union if any major 
changes are contemplated, and partly 
through widening the scope of issues 
about which the union is entitled to 
have a say. The most important pro- 
vision in this respect is that unions and 
management who have a collective 
agreement on wages and conditions of 


work—which nearly all have—should 7  ~ 


negotiate agreements on joint regula- 
tion, which will set out the rights of 
the workers to organise and assign 
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work, hire and fire employees, and in 
general carry on the work of the 
organisation. The management is also 
required to provide the unions with 
information about financial and pro- 
duction matters and personnel policy. 

Because most research establish- 
ments are financed by the government, 
the effects of MBL on research are 
somewhat modified by the Public Em- 
ployment Act (Lag om Oflentlie An- 
ställning), which is designed to give 
public employees the benefits of MBI 
without trespassing on that part of 
their work which, because of demo- 
cratic norms, the public at large has 
the right to preside over. As far as 
research institutes go, this means that 
the employees would not, for example, 
be able to change the general focus of 
research as laid down by parliament in 
the institute’s statutes. It also means 
that, although the management must 
inform and negotiate with the union, it 
is not obliged to accept union opinions 
in questions considered to be in the 
public domain. In the absence of agree- 
ments on joint regulation, MBL in 
research institutes is at the moment 
largely a matter of an increase of 
information and negotiation. But the 
new system does take up a lot of time. 

In some institutes, the atmosphere 
has been poisoned by union-manage- 
ment disagreements over how MBL 
should work. “Academic unions are 
young and inexperienced in com- 
parison with industrial unions”, says 
one physics professor who has had a 
hard time of it. “They minimise the 
role of informal contacts and consulta- 
tions which are so important in in- 
dustrial negotiations”. Although run- 


ning-in problems are giving some of 
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the unions a bumpy ride, all agree that 
their power has increased. “Research 
is expensive”, comments one employee, 
“and if everybody has to take part in 
all decisions and planning it will cost 
more money, time and paper. With the 
help of MBL, employees might insist 
on comfort in laboratories instead of 
equipment. On the other hand, MBL 
based on public opinion might enforce 
the financing of research which might 
otherwise not be carried through”. 

Different disciplines envisage differ- 
ent problems. “Take an experimental 
team”, says another physics professor. 
“It is made up of, say, a professor, an 
assistant professor, a PhD, a couple of 
graduate students and some technicians. 
It is a small group and its members 
usually get together and decide on 
working practices that suit them all, 
which helps to mobilise creativity and 
enthusiasm. But the members of these 
groups are represented by different 
unions, who are not involved in the 
immediate situation but who will now 
decide on what is to happen there. 
Direct democracy is being substituted 
by indirect, and it won't help the 
atmosphere in the laboratories”, 

Both laws are quite new, and their 
full impact on research may not be 
clear for a few years yet. What does 
seem obvious is that, especially in the 
case of the Security of Employment 
\ct, it does research little good to be 
swept up with industry and put into 
the same legal basket. Some see 
Swedish research being irreparably 
damaged. The government is aware of 
the difficulties and is to conduct a 
review. In the meantime, Sweden will 
remain a focus of attention for external 
as well as internal interests. go 
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Security conscious 





aranaise 


The Worldwatch Institute, the private 
Washington-based research organisa- 
tion concerned with global problems, 
published its latest pamphlet last week. 
Chris Sherwell reports 
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“THE present deficiency of assured 
energy resources is the single surest 
threat that the future poses to our 
security and to that of our allies”, the 
JS Secretary of Defense, Harold 
Brown, told a gathering of business 
leaders in the United States last week. 
For a namesake of his at the World- 
watch Institute, the timing was near- 
perfect. Lester Brown, Worldwatch’s 
president, was about to release Re- 
defining National Security, which con- 
siders why energy and other global 
problems pose a new threat to national 
security that only a new approach can 
combat. 

These new threats to security, Brown 
says, “arise less from the relationship 
of nation to nation and more from the 
relationship of man to nature’. From 
his discussion of them he concludes 
that the traditional military concept of 
national security 1s no longer adequate 
for an interdependent world facing 
global ecological and economic prob- 
lems. Political leaders have to realise 
that national security is meaningless 
without global security; countries must 
address the problem, he says without 
amplification, “cooperatively”. 





OTA appointment 


THe position of Director of the Con- 
gressional Office of Technology Assess- 
ment (OTA) has been given to Dr 
Russell W. Peterson. He is president 
of a lobbying organisation concerned 
with global issues called New Directions 
and formerly chairman of the Council 
of Environmental Quality and 
Governor of the State of Delaware. 
The choice follows several months of 
speculation and political infighting 
sparked off by allegations that Senator 
Edward Kennedy was trying to take 
control of the OTA and had engineered 
the resignation of its founder and first 
Director, Emiho Daddario, These alle- 
gations were strongly contested at the 
time and will be further diminished in 
credibility by the fact that Peterson is 


a Republican with a reputation for 
independence. In addition, Kennedy 


has been scrupulous in avoiding any 
appearance of interference in the 
selection process. 

Other nominees for the job were 


Russell Train, former head of the 
Environmental Protection Agency. 


Daniel Desimone, presently the deputy 


director of OTA. and John Sawhill, 
former head of the Federal Energy 
Administration. 


Sandy Grimwade 





The discussion itself ties together 
several well-known threads of argument 
that have already appeared in other 
Worldwatch publications. Thus, in 
respect of energy, Brown says that an 
oil-dependent world, in a nuclear limbo 
and facing climate alteration with 
heavy use of coal, must act in concert 
to produce a timetable for a transition 
to renewable resources. The world’s 
biological systems, on which the global 
economy depends, says Brown, are 
similarly threatened by excessive 
human claims: fishery catches exceed 
the long-term sustainable yield, tree- 
cutting exceeds the regenerative 
capacity of forests, grasslands de- 
teriorate as livestock and human 
populations increase, and erosion 
damages croplands population 
pressures mount. 

Brown takes his arguments further. 
Humans can inadvertently or intention- 
ally alter global climatic patterns, he 
states, causing agricultural output to 
shrink and adversely affecting the sur- 
vival prospects of hundreds of millions 
of people. And a “basic transforma- 
tion’ in the world food economy in the 
1970s means that the global balance 
between demand and supply remains 
delicate. This, says Brown, is attribut- 
able to agricultural shortcomings in 
Eastern Europe and the USSR and 
agricultural mismanagement elsewhere, 
rapid population growth and “negative 
ecological trends” deforestation, over- 
grazing, desert encroachment, soll 
erosion and flooding. 


as 


Finally he argues that economic 
threats to security—-simultaneous in- 


flation and unemployment on a global 
scale--aggravate social divisions, not 
least through a worsening income dis- 
tribution. Taken with the other factors, 
which also translate into economic 
stresses, the military’s role in securing 
a nation’s well-being and survival ts 
“relatively less important than it once 
was’, But political leaders “perceive 
the new threats dimly”. 

Outside the optimists who through 
faith in man’s ingenuity see no prob- 
lems ahead. doubts about all these 
arguments will come from those who 
believe ecological and environmental 
problems will resolve themselves at 
great human cost regardless of political 
intervention, and from those who 
believe in political intervention but 
have littl hope for it. Doubts of the 
first kind may simply be unacceptable 


to Brown, but the second kind pose a | 


difficulty. After all, is it really the case 
that if aff nations don’t hang together 
they will hang separately? E 


BRITAIN 
Help at the margin 
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UK Research Councils have received 
a small windfall. Chris Sherwell reports 


WHEN the UK Advisory Board for the 
Research Councils (ABRO) holds its 
regular meeting at the end of next 
week, it will consider how to advise 
Shirley Williams, the Secretary of State 
for Education and Science, on the 
allocation of an extra £4 million among 
the country’s research councils. The 
sum was added to the department’s 
1978-79 Science Budget by the Chan- 
cellor of the Exchequer, Mr Healey, 
in his ‘mini-budget’ last week. Science 
administrators who recognise, in the 
words of one, that “it is the margins 
which cause us the misery”, greeted 
the news enthusiastically. 

Jt is not yet known whether the 
extra cash represents a once-and-for-all 
increase or the beginning of a longer 
term upturn. No indication of what 
precisely will be happening in the 
period after 1978-79 is yet available. 
This means that research councils 
must prepare options: greater expendi- 
ture on capital projects or special pro- 
grammes will make different demands 
from improved research grants, for 
example, which would be recurrent. 
Last year’s forward look means that a 
fair amount was already known of 
what councils might want to do with 
the extra cash. 

Mrs Williams has asked the ABRC 
for its “urgent advice. If a decision is 
not made next week, the next meeting 








is set for 9 December. CJ 
NETHERLANDS 

Limited progress 

The position regarding recombinant 


DNA research in the Netherlands ts 
still not clear. Casper Schuuring reports 
Tue old Dutch government, still in 
office five months after the 25 May 
elections, has decided to start prepar- 
ing legal rules for recombinant DNA 
research in the Netherlands. The 
minister of Health and Environmental 
Protection, in a letter to parliament, 
says that so long as not enough is 
known of the positive and negative 
consequences of this research, no con- 
crete judgment can be given about the 
contents of such legislation. “There is 
also not enough known about the social 
relevance of this research and there- 
fore of the priority it must have in 
research generally”. In the meantime, 
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he added, the greatest possible reserve 
snould be exercised, 

Practising scientists have expressed 
their disappointment and concern over 
tus lack of Clarity about the policy the 
government foresees. They fear tnat 
the uegree to which the wWetheriands ts 
fasting behind in this field will become 
greater, and there is concern about 
the matter of contracts between re- 
searcners, their universities or institu- 
Engineering of the Royal Netherlands 
Academy of Sciences. the Commission 
puolished a report on 30 March which 
concluded that recombinant DNA re- 
search should be developed with 
stringent precautions and according to 
clear regulations contained in legisla- 


tion which should be implemented 
quickly, 
The government is not following 


this advice exactly, but the signing of 
research contracts has not ceased. 
Researchers at the Free University of 
Amsterdam signed a contract with 
their own board and with the com- 
mission, and the group is about to 
start work. Safety control remains with 
the university itself. Groningen Univer- 
sity has also signed a contract, but is 
further from starting. 

The commission’s report proposed 
two commissions, one concerned with 
saiety measures, the other with ethical 
aspects. The minister, however, an- 
nounced a new and broader ad hoc 
commission to take over a part of the 
task of the Academy's commission, 
which is now composed only of ex- 
perts. This ad hoc commission has to 
register, advise and indicate the poten- 
tial dangers of the research in differeni 
categories of risk. 

The League of Scientific Researchers 
last month reacted critically to the 
report, saying it “underestimated and 
played down” the risks of recombinant 
DNA research. “The safety measures 
proposed by the commission are sug- 
gested more by their feasibility than 
by their demonstrated safety”. the 
league said, and praised the minister, 
who will not return in the new 
cabinet, for perceiving the need for a 
broad discussion and for a broader 
commission. The league recommends a 
“freezing? of the experiments, and 
urges the government to stimulate dis- 
cussion involving scientists, politicians, 
the lay public and others. 

No requests have come so far from 
industry to start recombinant DNA 
research. Unilever announced earlier 
that it was making preparations, and 
Gist-Brocades is known to be doing the 
same. But union members are un- 
happy about this. One of the largest 
unions in the country has written to 
three ministers requesting a stop to 
the research while no legislation exists. 


COMECON 


© Protests against the US decision 
to produce neutron bombs have 
occupied an important place in the 
Comecon media over the past three 
months, with special emphasis being 
placed on protests by scientists or 
scientific bodies. Not surprisingly, 
such protests have so far come from 
the scientific establishment, but more 
recently even ‘dissident’ opinion was 
called in as support, with an interview 
on Prague radio with Academician 
Andrei Sakharov in Moscow. 

Sakharov’s opposition to nuclear 
warfare is well known. Early in his 
career of protest he turned over his 
savings from his work on the Soviet 
hydrogen bomb to cancer research. It 
was his apprehension of the danger of 
nuclear catastrophe which led to his 
first major samizdat essay, Progress, 
Coexistence and Intellectual Freedom, 
in 1968. As a Nobel Peace prize- 
winner, Sakharov would surely have 
been approached even earlier in the 
current campaign were it not for his 
reputation of dissidence. 

The interviewer attempted to dis- 
sociate ‘Sakharov the Soviet scientist’ 
from ‘Sakharov, the number two 
Soviet dissident’, alleging that in this 
second persona Sakharov merely 
rubber-stamped the views of his wife 
the implication being that while she 
was in Italy for medical treatment, 
people could witness the ‘real’ 
Sakharov. But he refused to comment 
on the neutron bomb, save in the 
context of nuclear armament as a 
whole. The question of this one par- 
ticular weapon, he said. must not be 
misused for propaganda purposes and 
must not be given moral and 
emotional overtones. He also sug- 
gested that it was fear of a (conven- 
tional) Soviet attack on Western 
Europe which had led the USA to 
work on the neutron bomb, and that, 
although convinced that neither the 
Soviet Union nor any nation wants a 
war. twice in this century wars had 
broken out “irrationally”. 

This latter statement, which con- 
tradicts the classical Marxist inter- 
pretation of twentieth century history, 
was characterised by the interviewer 
as “ludicrous”. Sakharov himself was 
said to bear the “evil marks” of dissi- 
dent thinking. But in spite of this and 
Sakharov’s refusal to take action 
against one specific weapon, the inter- 
view was broadcast and presented as 
something of a journalistic scoop for 
the current anti-neutron bomb cam- 
paign. 


® Interkosmos 17, launched on 24 
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September, inaugurated a new genera- 
tion of Comecon space probes. Pre- 
vious dnterkosmos craft had been 
small, relatively light satellites used 
for limited studies of cosmic and 
solar radiation, the magnetosphere 
and ionosphere. The satellites were 
not properly stabilised with respect to 
the Sun, and hence the data obtained 
was only of a fairly general type. 

Accordingly, a new type of satellite, 
called an “automatic general-purpose 
orbital station’? (AGPOS) was de- 
veloped for the Interkosmos pro- 
gramme. A prototype was launched 
last year as Interkosmos 15; inter- 
kosmos 17 is the first operational 
AGPOS. Designed for long-term 
automatic operation, the AGPOS in- 
cludes a special orientation system 
and can even be equipped with an 
orientation platform to carry instru- 
ments for the high-accuracy investi- 
gation of solar flares. 

Although the Interkosmos pro- 
gramme theoretically includes all 
countries of Comecon, six out of the 
twelve on-board experiments were 
provided by Czechoslovakia, including 
a laser reflector to determine the 
distance between the satellite and 
earth, a silicon cosmic-ray detector, 
and devices to measure the mass and 
velocity of meteorites. Czechoslovakia 
is playing an increasingly large role in 
the Interkosmos programme. Czech 
trainee-cosmonauts preparing for the 
manned Interkosmos programme are 
reported to have completed their 
theoretical work and are training in 
simulated conditions. One of them is 
expected to go on a mission with a 
Soviet cosmonaut in 1978. 

In addition to participating in 
Interkosmos, Czechoslovakia has also 
provided experiments for the Soviet 
Prognoz 4, 5 and 6 satellites which 
have highly elliptical orbits. The 
launching of an independent Czech- 
oslovak satellite, and the inclusion of 
Czech instruments on Soviet lunar 
and interplanetary probes is also 
envisaged. 

At the same time Bulgaria, hitherto 
a relatively minor participant in 
Interkosmos, is also planning an in- 
dependent space programme to be 
associated with the 1,800th anniver- 
sary of Bulgarian statehood next 
year. A recent decree of the Council 
of Ministers approved a regulation 
introducing “a nationwide pro- 
gramme to study and utilise outer 
space, and a preparatory programme 
to launch into outer space the project 
‘Bulgaria 1300 ”. 

Vera Rich 
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Food action urged 


A publication from Earth Resources 
Research, the research arm of Friends 
of the Earth in Britain, urges govern- 
ment action using taxes and subsidies 
to encourage consumption and pro- 
duction of foods that strengthen con- 
sumers’ health, minimise environ- 
mental pressures and make the best 
use of food resources. 

Changing Food Habits in the UK, 
by Chris Wardle, argues that the two 
main government regulatory bodies, 
the Food Standards Committee and 
the Food Additives and Contaminants 
Committee, should be provided with 
their own scientific staff and research 
facilities. There should also be, he says. 
an intensive programme of consumer 
education on nutrition, the introduc- 


Tne EEC’s Joint European Torus 
(JET), which was finally given to the 
UK's Culham Laboratory last week, 
is essentially a device to confine the 
ionised particles of a plasma long 
enough for fusion reactions to occur 
between them. The two light el- 
ements most suitable for use in 
fusion machines are deuterium and 
tritium. The former is plentiful—it 
can be extracted from seawater—but 
the latter does not occur naturally 
and is made by bombarding lithium, 
a naturally occurring element, with 
eutrons. 

The most successful machine de- 
signed so far for confining plasma, 
the tokamak, was developed in the 
USSR and forms the basis of the 
JET design. The plasma is confined 
within an evacuated D-shaped torus 
by a magnetic field, created by field 
coils linking the torus, and by a cur- 
rent flowing through the plasma. For 
the energy obtained to be greater 
than that put in, plasma tempera- 
tures have to be about 100 million 
C and the product of plasma density 
and confinement time has to be 
greater than 10'* cm ~’s. 

It is the attainment of such 
Stringent operating conditions that 
has made fusion so difficult to har- 
ness. JET aims to achieve higher 
temperatures and plasma densities 
and longer confinement times than 
any of its predecessors. According to 
the original plan it was to take five 
or six years to build. Experiments 
were then to proceed for two to three 
years, by which time they would have 
produced good enough results for a 
prototype reactor to be designed, 

There is doubt. however, about the 
realism of this timescale. In spite of 
progress so far, it is unlikely that 


tion of nutrition labelling, and an 
independent body to oversee all forms 
of food advertising. 


German technology 


assessment? 

The opposition CDU/CSU parties in 
the West German Bundestag have 
proposed a motion to set up an office 
of technology assessment. They pro- 
posed this once before, in 1972. The 
new motion follows years of discussion 
and calls for the office to be set up 
within the existing Bundestag adminis- 
tration and for expert knowledge to 
be gained by placing orders both at 
home and abroad. It is regarded as 
important that Federal government 
offices should call on foreign experts 
for advice. The Bundestag will deal 


the road to what has been called a 
cheap, inexhaustible and clean source 
of energy will be smooth. As well as 
technical problems, those of fuel 





Fusion’s promise 
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supply, waste disposal and potential 
radiation leaks will have to be 
tackled, even though these may not 
be so great as those for fission 
reactors. 

The radiation hazard stems from 
the possible release of tritium, a 
radioactive gas which will have to be 
contained within the reactor. Tritium 
for the fusion process will be manu- 
factured as hot neutrons interact 
with lithium in the container walls. 
Constant bombardment of the walls 
will make them radioactive and wear 
them out so that they will have to he 
replaced from time to time. Even 


with the motion over the next few 
months. 


Europe compact suggested 


Professor Peter Odell, appointed earlier 
this month as a part-time consultant to 
the UK Department of Energy, said 
this week that the restraint on oil and 
gas development imposed by the lack 
of a West European agreement should 
be overcome by a compact between the 
exporting and importing countries 
concerned. 

In a joint paper with Dr K. Rosing, 
his colleague at Erasmus University, 
at an Institute of Fuel conference, he 
said that Europe’s strategy for oil and 
gas production is “constrained more 
by politics and institutions than it is 
by the likely size of the resource base”. 


though the products of the fusion 
process will not be radioactive and 
will pose no disposal problem, the old 
reactor walls will. The fuel supply 
problem will arise when world re- 
serves of lithium run low. Present 
estimates put the reserve at about 
the same as uranium. 

The enthusiasm for fusion as the 
answer to the world energy problem 
is based on the knowledge of what it 
could do, theoretically and not on 
what it actually might do on a large 
scale. If the fusion reaction were 
between deuterium and deuterium, 
for example, the problem of lithium 
supply would vanish. If it were be- 
tween deuterium and helium-3 an 
added advantage would be that 
neutrons would not be produced and 
the problem of damaged radioactive 
walls would vanish. Similar ad- 
vantages would be gained by using 
hydrogen and boron. But all these 
alternative fuels have their draw- 
backs when it comes to operating a 
large scale fusion machine, mainly 
because they would need even higher 
temperatures to ignite fusion re- 
actions. Deuterium and tritium are 
at present the only promising fuels. 

The outlook for JET itself, how- 
ever, is fairly bright considering the 
two years delay. While politicians 
were negotiating, the team at Cul- 
ham was building one-off pieces of 
equipment and refining the design. It 
has already placed phased contracts 
for some of the larger parts including 
the coils for the toroidal field. The 
next step is to appoint a head of pro- 
ject and management committee. 
Firm contracts for the rest of the 
parts will be placed throughout 
Europe and construction should 
begin within a few months. 
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correspondence 





Petition for 
Argentinian scientists 


Str,—Some colleagues in our cancer 
centre are very concerned by the 
actual situation in Argentina and we 
have decided to propose the adjoining 
text for the approval of the inter- 
national cancer community. 


The undersigned cancerologists are very 
concerned by the situation in Argentina 
where personal security is increasingly 
threatened, fundamental rights are denied 
and where repression and arbitrary police 
action severely effect the scientific 
community (Repression in Argentina: 
scientists caught up in tide of terrors’ 
Science 194, 1397; 1976; and ‘More on 
Argentina’ Nature 263, 452; 1976). 

These cancerologists refuse to partici- 
pate under such conditions in the twelfth 
International Cancer Congress, which is 
scheduled for 5-12 October 1978 in 
Buenos-Aires, and ask all the members 
of the international scientific and medical 
community to join them in their refusal. 

The undersigned also refuse to partici- 
pate in meetings organised in any country 
subject to police repression and where 
the rights of man are systematically 
violated. 


We invite physicians and scientists 
who share these opinions to join us in 
this protest by signing this petition. 
Copies of the petition will be made 


available on request to Dr J-C. 
Salomon, Institut de Recherches 
Scientifiques sur le Cancer, CNRS, 


B.P. 8, F 94800 Villejuif, France. 
A similar action is underway among 
United States cancerologists. 
Louise HAREL 
JOSE URIEL 
JEAN-CLAUDE SALOMON 
Villejuif, France 


Exchange agreement 


Sir,--l was glad to see Vera Rich’s 
article {13 October, page 553) about 
the new exchange arrangement be- 
tween the Royal Society and the 
Academy of Sciences of the USSR, 
but sorry to note that it contained 
several misleading statements. Firstly, 
the seven senior and four junior visits 
she referred to are in the current 
agreement, and are replaced in the new 
agreement, to come into effect on | 
April 1978, by a more flexible arrange- 
ment for a total of 49, not 40, man- 
months. The Royal Society hopes that 
this number will be increased and that 
the more flexible exchange agreement 
will lead to wider support for visits in 
both directions. 


Vera Rich's comparisons with UK- 
Poland exchanges are also highly mis- 
leading as the figures she quotes for 
UK-—USSR visits refer only to those 
under the Royal Society-Academy 
exchange agreement and do not refer 
to many visits under other auspices, 
while those for UK-Poland are evi- 
dently all-inclusive; Royal Society- 
Polish Academy visits account for only 
about ten each way. 

R. W. J. Keay 
The Royal Society, 
London, UK 


Which diet? 

Sir,—Colin Blythe and Howard Rush 
in their article ‘What kind of food 
policy?’ (4 August, page 386) mention 
the confusing advice available “to in- 
dividuals who wish to follow sensible 
eating regimes”, 

Over past years ever-increasing doubt 
has been cast upon the validity of the 
theory that animal fats and cholesterol 
in human food cause arteriosclerosis 
and its resultant disorders. Even 
drastically reducing fat consumption 
and substituting animal fats to a large 
extent with distasteful plant oils of 
high polyene acid content, does not 
restore blood cholesterol levels to 
normal, nor bring about a retrogression 
of arteriosclerosis. 

The fat theory offers us no explana- 
tion of the fact that in primitive 
populations, whose diet contains a very 
high proportion of animal fats, the 
incidence of arteriosclerosis and 
abnormal blood fat levels is practically 
nil. The diet of such people (Massai. 
other nomadic tribes, Eskimos) usually 
contains very little carbohydrate. Might 
is not therefore be the carbohydrates 
and not the fats that are responsible 
for the cardiovascular disorders con- 
nected with other types of civilisation? 

Support for this idea is provided by 
observations on the cholesterol levels in 
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subjects of various age groups on a 
low-carbohydrate diet (70 g daily). Data 
collected from over 300 individuals 
have revealed that the cholesterol can 
be brought down by 50 mg% in 39% of 
the patients over 60 years of age, in 
52%, of those between 40 and 60, and in 
67%, of the group under 40. In the 
under-forties, restriction of carbo- 
hydrate intake can bring about per- 
manent normalisation of the values 
within a short period of time, if we 
consider the average values as shown 
in the figure. 

The possibility exists that every case 
of hypercholesterinemia could be 
reversed, or even avoided in the first 
place, if a low-carbohydrate diet were 
to be adopted in time. If we were to 
consume as little carbohydrate as the 
above mentioned primitive peoples, 
hyperlipidaemias and arteriosclerosis 
would probably not occur. Such dis- 
orders develop over the years under the 
influence of unphysiological quantities 
of carbohydrate (and their reversi- 
bility declines with advancing years) 
until the point is reached at which 
animal fats and cholesterol in the food 
bring about a rise in blood cholesterol 
levels. The efficacy of a low-carbo- 
hydrate diet in reducing overweight 
and in correcting metabolic disorders 
has already been established. Perhaps 
it would now be worthwhile consider- 
ing the substitution of the fat theory 
by a carbohydrate theory in explaining 
the diseases connected with human 
civilisation. 

WOLFGANG LUTZ 
Facharzt für Innere Medizin, 
Saltzburg, Austria 


On missing the point 


Sir, —it is surprising that Bowne 
(13 October. page 556) finds some 
research ridiculous since it involves the 
discussion of polygenes, which are 
“unknown”. It is surely a basic part of 
the scientific method to describe ob- 
served phenomena (familial resem- 
blance for metrical characters) in terms 
of abstract entities (polygenes). Current 
work in genetics is not analogous to 
von Leeuwenhoeck studying ribosome 
structure, since the phenomena acces- 
sible to him did not suggest the idea of 
the ribosome. 
G. A. T. MAHON 

Trinity College, 

Dublin, Ireland 
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news and views 





Aether drift detected at last 


from Michael Rowan-Robinson 


A GROUP of experimenters from 
Berkeley (Smoot, Gorenstein & Muller, 
Phys. Rev. Lett. 39, 898), using a 
U-2 aircraft in the unfamiliar mode of 
looking upwards, seem to have decis- 
ively detected the motion of the Earth 
with respect to the cosmic microwave 
background. This radiation, with the 
spectrum of a 2.7K blackbody, is 
believed to be the relic of the ‘fireball’ 
(radiation-dominated, optically thick) 
phase of the Universe. The isotropy of 
the microwave background to one part 
in 10° has been the strongest argu- 
ment in favour of the homogeneous, 
isotropic models of the Universe 
dreamed up by Einstein, de Sitter, Fried- 
mann, Eddington and Lemaitre in the 
1920s. But it has long been expected 
that a simple dipole anisotropy of 
order 107‘ to 10™° should be found, due 
to the random motions that galaxies 
have with respect to each other and to 
the cosmological frame of reference 
(the frame in which the expansion of 
the Universe looks exactly isotropic, 
according to the models). The radiation 
should look slightly hotter in the direc- 
tion we are travelling towards, and 
slightly colder in the direction we are 
travelling from, by an amount 
AT /T=v/c, due to the Doppler shift. 
Failure to detect this effect would put 
us in the uncomfortable position of 
happening to be exactly at rest with 
respect to the cosmological frame. It 
was Michelson and Morley’s failure a 
century ago to detect a contribution 
from the motion of the Earth to the 
local velocity of light that led to the 
downfall of aether theories and 
ultimately ushered in the relativistic 
age. A completely isotropic microwave 
background might have been equally 
revolutionary, but the Berkeley 
workers seem to have saved us from 
this fate. However the magnitude of 
the velocity deduced for the Milky 
Way. 600kms™", is so large as to 
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M. Rowan-Robinson 
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throw existing ideas about our cos- 
mic environment into disarray. 

The Berkeley group did their experi- 
ment in the NASA-Ames_ Earth 
Survey U-2 aircraft and made eight 
flights over a period of 5 months, Two 
radiometers working at a frequency of 
33 GHz (A=9 mm) point at positions 
60° apart on the sky, 30° on either 
side of the zenith, and the dif- 
ference between the signals in the 
two receivers is recorded. An iso- 
tropic background would therefore 
give zero output wherever you looked. 
The plane flies on a level path, bank- 
ing and reversing its direction of flight 
every 20min. The whole apparatus is 
rotated through 180° every 64s in 
order to eliminate asymmetry between 
the two radiometers. Anisotropy in the 
Earth’s atmospheric background is 
monitored with a second receiver 
working near the strong oxygen line at 
5mm. The effect of any rapid changes 
in the gain of the radiometers is 
reduced by rapid switching between 
them at 100 Hz. 

About 5% of the sky was sampled, 
all in the Northern Hemisphere. The 
results agreed well with what would be 
expected due to motion of the Earth: 
a temperature excess in one direction, 
a deficit in the opposite direction, and 
in between a cosine dependence on the 
angle between the direction of the peak 
and the direction of observation. 
The derived velocity, after cor- 
rection for the motion of the Earth 
round the Sun and other minor 
effects, is 390460 kms" towards a 
direction R.A. (Right Ascension)=11.0 
+0.5h, declination (dec.)=6°+10° 
(galactic longitude (/)=248°; latitude 
(b)=56°). This is within 20 of the 
recent preliminary ground-based 
measurements of Corey & Wilkinson 
(Bull. Amer. Astr. Soc. 8, 351; 1976), 
which are of lower accuracy. When 
corrected for the motion of the Solar 
System round the Galaxy, the nett 
velocity of our Galaxy with respect to 
the microwave background is 603 km 
s' in direction R.A.=10.4h, dec.= 


—18° ({=261°, b=33°). Apart from 
this dipole anisotropy the microwave 
background is isotropic to one part in 
3,000 and limits can be set on the 
rotation of the Universe (<10™° arc s 
per century) and on the average 
energy-density of long-wavelength 
gravitational radiation (less than the 
so-called ‘critical’? density which 
would close the Universe). 

What are we to make of this? The 
authors note that the velocity they have 
found conflicts with various attempts 
to measure our velocity with respect to 
nearby galaxies, but offer no explana- 
tion of this. With respect to the Local 
Group of galaxies, the motion of the 
Solar System hardly differs from that 
expected due to our circular motion 
round the Galaxy. This suggests that 
the whole Local Group has to be 
moving along together at this velocity 
of 600 km s™ with respect to the micro- 
wave background. And this velocity is 
more than ten times the residual 
random motion of galaxies within 20 
Mpc about the Hubble flow, so that 
most nearby galaxies, including the 
Virgo cluster of galaxies, would seem 
to have to move along together at this 
velocity. The Universe may be much 
more inhomogeneous than we have 
realised till now, and we may have to 
be careful about interpreting the ex- 
pansion time-scale we measure locally 
as the age of the Universe. 

The Berkeley measurement also 
conflicts with the velocity of the 
Earth with respect to more distant 
galaxies (at several hundred Mpc) 
determined by Rubin et al. (Astr. J. 
81, 687; 1976). They also found a 
velocity of about 600 kms”, but in a 
direction almost at right angles to the 
velocity with respect to the background. 
This ‘Rubin-Ford effect? may not seem 
so surprising now. The matter in the 
Universe may be divided up into quite 
large ‘metaclusters’ or ‘superclusters’ 
in rapid motion relative to each other 
and to the cosmological frame. 

It is unlikely that this new result will 
dent the hot big ‘bang picture of the 
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Universe very much but our ideas about 
our cosmological locality are in for 
some revision. The Berkeley group 
have made an important experiment, 
which is clearly worth repeating. A 


good test would be to do a similar 
series of flights in the southern hemi- 
sphere but perhaps U-2’s are still not 
all that welcome outside US air- 
space. t 


Visualising jumping genes 


from T. Cavalier-Smith 


DNA molecules are not an inert 
repository of genetic information, but 
are frequently chopped, spliced or 
modified by enzymes. This occurs not 
only during genetic recombination, but 
also during replication, repair and 
sometimes even during nuclear dif- 
ferentiation; for example, extensive 
chozping of DNA into pieces occurs 
during macronucleus formation in 
hypotrich ciliates (Lauth et al. Cell 7, 
67; 1976). Usually these changes leave 
the linear order of genes unaltered, but 
sometimes genes may ‘jump’ from one 
part of the genome to another. The 
first evidence for ‘jumping genes’ (more 
properly called transposable or trans- 
locatable genetic elements} came long 
ago from Barbara McClintock’s studies 
of controlling elements in maize (Proc. 
natn. Acad. Sci. U.S.A. 36, 344; 1950). 
The study of the molecular basis of 
transposability is now possible as a 
result of the discovery over the past 
few years of a variety of transposable 
elements in Escherichia coli. The 
simplest of these are the insertion 
sequences (IS), short segments of DNA 
of defined length and sequence which 
can become inserted into a larger DNA 
molecule by a recombination process 
distinct from £E. coli’s normal rec- 
mediated system. They were first dis- 
covered as a result of the strongly 
polar mutations they cause when in- 
serted into the lac and gal operons, but 
have since been found in other chro- 


T. Cavalier-Smith is a lecturer in the 
Department of Biophysics, King’s College, 
London. 
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mosomal locations and on drug re- 
sistance (R) plasmids (for reviews see 
Cohen Nature 263, 731; 1976; Kleckner 
Cell 11, 11; 1977). 

Electron microscopy of the molecular 
hybrids formed after denaturation and 
reannealing of DNA containing inser- 
tion sequences showed that there were 
four distinct sequences: ISI of about 
800 base pairs, and IS2, 3 and 4, each 
about 1,400 base pairs long. Chow (J. 
molec. Biol. 112, 611; 1977) has now 
used electron microscopy to throw 
some light on their distribution in the 
E. coli’ genome. Her method (much 
used in the past few years to study 
palindromes or inverted repeats in 
eukaryote DNA) was simply to allow 
the denatured DNA fragments (in 
length a few per cent of the total 
genome) to reanneal for such a short 
time that most of the duplexes formed 
were formed intramolecularly by a 
DNA strand folding back on itself. A 
single DNA strand can pair with itself 
in this way only if it contains at least 
two identical sequences that are in- 
verted with respect to each other. If 
these inverted repeats are adjacent 
(forming a palindrome) renaturation 
produces a double-stranded hairpin; if 
they are separated by a spacer that can- 
not pair with itself, a double-stranded 
stem bearing an unpaired loop at one 
end is formed. Both hairpins and stem- 
loop structures are found in abundance 
in rapidly renatured eukaryote ‘snap- 
‘back’ DNA. 

In E. coli DNA Chow found no 
hairpins (which confirms earlier work), 
but various stem-loop structures were 
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The four structures visible in the electron microscope after reannealing denatured 

DNA containing inverted repeats. a, Hairpin; b, stem-loop structure; c, a-structure 

with defined crossover; d, underwound loop formed by partial pairing of two 
complementary a-structures. 
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present, indicating that E. coli DNA 
does contain some inverted repeats long 
enough to be observed in the electron 
microscope (but only ones where the 
two sequences are separated by 
Spacers). The duplex stems of the 
stem-loop structures fall into four dis- 
crete size classes, of which one cor- 
responds to ISI and one to IS2-4 
(duplexes shorter than 400 base pairs 
were discounted as possible artefacts). 
The loop lengths are more variable but 
also fall into distinct classes, most 
being either 22,000 or 27,500 bases 
long, indicating a regular arrangement 
of the inverted sequences on the chro- 
mosome. By making various assump- 
tions (including the identity of the 
800-base-pair sequences with IS1) Chow 
estimates that there are a minimum 
of 14 ISI, and 10 IS2-4 (as well as 6 
and 12 respectively of the 500-base pair 
and 1,000-base-pair sequences) in each 
genome. A similar study by Deonier 
and Hadley (Nature 264, 191; 1976) 
revealed inverted repeats only in the 
1,300-base-pair size range, suggesting 
that the IS sequence content of E. 
coli’s genome differs from strain to 
strain. 

Some of the  antibiotic-resistance 
genes carried on R plasmids have 
turned out to be bounded by insertion 
sequences (often inverted with respect 
to each other). The complete genetic 
unit is termed a transposon and can 
translocate from one plasmid to 
another and to the bacterial chromo- 
some without the need for a com- 
plementary sequence to be present on 
the host DNA molecule. It is thought 
that interaction ‘between the two in- 
verted sequences plays an important 
part in this translocation. 

In view of the apparent importance 
of inverted repeats one wants to be 
able to identify them easily. If they are 
longer than about 200 base pairs 
electron microscopy of the snap-back 
DNA fraction shows hairpins or loop- 
stem structures, but shorter inverted 
repeats do not show up in this way. 
Much shorter inverted repeats do exist, 
however, for example bacteriophage 
Mu DNA contains a segment of DNA 
(the G segment—3,000 nucleotide pairs 
long) which is flanked by inverted re- 
peats each of less than 50 nucleotide 
pairs. In the prophage (but curiously 
not in the infective state) the G 
sequence readily inverts, presumably 
as a result of recombination between 
the inverted repeats. These short in- 
verted repeats are seen by electron 
microscopy after denaturation and self- 
annealing as a ‘cross over’ of the two 
Strands at a reproducible position (as 
In the letter a). But in DNA less well 
characterised than Mu it would be 
hard to distinguish between such cross 
overs caused by limited base pairing 
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and the chance lying of one strand on 
top of another normally seen in the 
electron microscope. 

Detection of such short inverted 
repeats will be made much easier by 
the recognition by Broker et al. (J. 
molec. Biol. 112, 579; 1977) that fol- 
lowing denaturation and reannealing 
they give rise to a characteristic struc- 
ture which they call an ‘underwound 
loop.’ When a single molecule contain- 
ing two short inverted repeats anneals 
with itself it forms a structure with a 
single-stranded loop and two single- 
stranded tails (like an @). If the DNA 
is left to reanneal long enough the 
loops of separate molecules will come 
together in complementary pairs. But 
this pairing must be incomplete. This is 
because each of the loops in the two 
interacting molecules is topologically 
equivalent to a circle (because of the 
base pairing at the cross-over point), 
and two circles, unlike two linear 
strands, are topologically unable to 


undergo the high degree of winding - 


necessary to make a complete double 
helix. Some pairing is possible at the 
expense of twisting and tangling the 
rest of the molecule; the ‘underwound 
loop’ that results therefore contains 
both double-stranded and single 
stretches of DNA which are clearly 
visible in the electron microscope. 
Broker et al. use this method to reveal 
the short inverted repeats at the ends 
of the MuG segment (presumably the 
G segment is a transposon since an 
identical sequence is present in phage 
P1, where it has much longer terminal 
inverted repeats), those at the ends of 
adenovirus-2, and at the two ends of 
the yd segment (a 5,700-base-pair 
sequence found at the boundary be- 
tween F (sex factor) DNA and chromo- 
somal DNA). 

This technique will be valuable for 
detecting short inverted repeats sep- 
arated by a spacer. I suspect that it 
will not be long before they are re- 
ported in eukaryote DNA. The fact 
that in E. coli the G segment can have 
either short terminal repeats (as in Mu) 
or long ones (as in P1) suggests that 
there is no fundamental functional dif- 
ference between the long inverted 
repeats that abound in eukaryotes and 
the short ones which ‘have so far been 
reported only in bacteria. 

So far, ideas as to the function of 
palindromic sequences in eukaryotes 
are very vague (see News and Views 
262, 255; 1976). One possibility is that 
they have no function for the organism 
as a whole; they may even be dis- 
advantageous ‘selfish genes’ maintained 
by strong positive selection at the level 
of the individual gene balanced by 
negative selection at the level of the 
organism; this would be entirely con- 
sistent with their tendency to trans- 


from Roger H. Olson 

Over the past few years, research 
into the relationships between solar 
activity (such as sunspots, flares and 
sector boundaries) and various 
climate and weather parameters has 
become more respectable. Although 
the search for mechanisms has as yet 
yielded few results, the number of 
impressive statistical correlations is 
steadily increasing. One of the best 
examples is the work of J. M. 
Mitchell, senior climatologist with the 
National Oceanic and Atmospheric 
Administration (NOAA). Mitchell has 
been looking at the correlation 
between suspot activity and periods 
of drought in the Western United 
States, particularly since AD 1700, 
established from tree ring analysis. 

Mitchell has worked with C. W. 
Stockton and D. M. Meko of the 
University of Arizona Tree Ring 
Laboratory, in studying the size of 
the area covered by drought in the 
Western United States. First, tree 
ring patterns, based on several types 
of trees, over the past 40 years were 
compared with well-known periods of 
drought. Once this standard correla- 
tion had been established it was 
possible to trace periods of drought 
back to aD 1700. A variety of sophis- 
ticated techniques were used to com- 
pare the period and geographical 
extent of the drought with the sun- 
spot cycles, which have been observed 
reasonably consistently back to the 
beginning of the period. 

No evidence was found for any 
influence of the 11-year cycle, but 
there is a very strong match between 
periods of drought and the 22-year 
double sunspot cycle (the Hale 
magnetic cycle). The area covered by 
drought tended to reach a maximum 
about 3 years after every other mini- 
mum in the 11-year cycle, with the 
most recent well-documented drought 
being that of the mid-1950s, correlat- 











































locate and cause mutations. A more 
attractive proposition is that they may 
be the key to understanding the mech- 
anism of cell determination. An im- 
portant feature of determination is its 
great stability, inheritable over many 
cell generations. Although in principle 
this is explicable in terms of an associa- 
tion between DNA molecules and con- 
trolling proteins (and/or RNA) which 
is so stable that it can persist during 
replication and division, I think that 
the idea of a semi-permanent change in 
the DNA itself has been unduly 
neglected. Holliday and Pugh (Science 
187, 226; 1975) have put forward a 
most attractive mechanism involving 


The Sun and the weather 





ing with the sunspot minimum of 
1954. (The drought of the 1970s 
seems to be correlating with the sun- 
spot minimum of 1976.) 

The time between droughts aver- 
aged 20.4 years, whereas the average 
double sunspot cycle is 22 years. The 
reason for this apparent discrepancy 
is that the best coherence between 
drought area and sunspots comes 
during times when the sunspot 
maxima are high. It is during such 
periods that the time between succes- 
sive maxima and minima tends to be 
smaller. When the sunspot numbers 
are small, the period of the cycle 
increases, and the correlation with 
drought area becomes weak. 

Another tree ring series, dating 
back to AD 1600, was made available 
to Mitchell by H. C. Fritts. Although 
this series is not amenable to the 
statistical treatment mentioned earlier, 
it does contain one additional bit of 
information worthy of comment. 
During the Maunder minimum (see 
News and Views 236, 405; 1977), 
when sunspots were virtually absent 
from the Sun during a 70-year period, 
the drought periodicity persisted in 
the Western United States. This sug- 
gests that the visible sunspot may not 
be the best parameter of solar activity 
to be used in the study of Sun- 
weather relationships. 


A lesson to be learnt from 
Mitchell’s work is that different 
meteorological parameters may 


behave in dramatically different ways. 
His study uses the area covered by 
drought, rather than the amount of 
rainfall or some other more arbitrary 
parameter. Rainfall statistics are 
notoriously hard to work with, 
because of their variability and 
dependence on topography. (a 
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methylation of short palindromic se- 
quences. Yet another possibility would 
be a change in the primary sequence of 
the DNA mediated by insertion se- 
quences. Such a change would be in- 
herited automatically by daughter cells, 
but would in principle be perfectly 
reversible (for example, when the 
nuclei of differentiated cells are trans- 
planted into oocytes). Such changes 
could be inversions, deletions, duplica- 
tions or translocations and could 
switch genes on and off by creating or 
destroying the recognition sites for con- 
trolling proteins. If the 1S-mediated 
events commonly occurred only during 
DNA replication and were specifically 
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inhibited by the incorporation of 
bromodeoxyuridine into DNA then a 
jumping gene model could explain in a 
unifying way all the basic features of 
cell determination (see Reinert & 
' Holtzer Cell Cycle and Cell Differentia- 
tion, Springer, 1975), including that in 
the immune system, as well as the 
apparent inconstancy in the position of 
palindromes in eukaryote DNA (Perl- 
man et al. Cell 8, 33; 1976). The trans- 
formed state in cancer (strongly heri- 
table in somatic cells) could also result 
from a change in the primary sequence 
of the DNA concerned with the regula- 
tion of proliferation, as a result of 
stable aberrations in IS-mediated events 
(either spontaneous or mediated by 
radiation, chemicals or the insertion of 
viruses into the DNA). 

Now that bromodeoxyuridine has 
been shown to inhibit bacterial sporula- 
tion (Nature 267, 635; 1977) it may be 
possible to test such ideas in more 
tractable prokaryotic developmental 
systems. There may well be fewer bastc 
differences between prokaryote and 


eukaryote genetics than has hitherto 
been thought. The presence of long 
perfect palindromes in eukaryotes in 
spite of their absence in prokaryotes, 
for example, need not be a basic dif- 
ference. It could be explained simply 
‘by supposing that IS sequences. and 
transposons are even more important 
in eukaryotes than in prokaryotes and 
are so abundant that they are often 
adjacent; the junction between two 
adjacent transposons each of which has 
identical inverted repeats at its termini 
would :be a perfect palindrome. Perfect 
palindromes would thus be merely the 


coincidental result of the coexistence 


in the genome of large numbers of 
transposons with similar termini. 
Although a transposon or jumping 
gene theory of cell determination has 
many attractions, the key question 
about DNA palindromes is: will their 
study provide a way towards an 
eventual understanding of cell deter- 
mination in eukaryotes, or shall we 
find that they only lead us back to 
where we started? L] 


Receptors and hormones 


by Peter Newmark 


The Eleventh Harden Conference 
was held on 19-23 September, 1977 


at Wye College. It was organised by 
Dr L. Iversen. 





WHEN the identity of some receptors 1s 
about as substantial as the Emperor’s 
new clothes it is always a real pleasure 
to hear of the nicotinic acetylcholine 
receptor. Even so there is still no 
purified receptor to show for the huge 
effort that has been made in that 
direction along a path strewn with 
discarded subunits. 

Everybody finds a major acetylcho- 
line-binding subunit of around 40,000 
dalton by SDS electrophoresis but 
there is considerable dispute about the 
reality and significance of other, larger 
subunits. Are they part of the receptor 
(M. Raftery, California Institute of 
Technology), experimental artefacts 
(J. P. Changeux, Pasteur Institute) or 
simply absent (E. Barnard, Imperial 
College, London)? Barnard reported 
one of the first purifications of the 
acetylcholine receptor from mam- 
malian tissue (denervated cat hind leg 
muscle) and found it to be remarkably 
similar to the more thoroughly studied 
receptors of the electric organs of the 
electric ray and eel. 

A further growing problem in the 
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purification of the acetylcholine 
receptor is that of the functional 
heterogeneity of its subunits: it is not 
known how the binding of acetylcho- 
line is translated into ionic transport 
across the membrane. Is. this an 
integral property of the receptor itself 
or is a separate molecular entity 
responsible? Substantial evidence in 
favour of the latter was reported by 
M. Eldefrawi (University of Maryland) 
and by Changeux. They call the mole- 
cule the Ion Conductance Modulator 
or the Ionophore respectively. 

The holy grail of receptor purification 
seems fo be successful reconstitution 
of a purified, functional receptor in a 
synthetic lipid bilayer. Just how 
elusive that grail is, even for the 
acetylcholine receptor, was evident 
from the somewhat unseemly anxiety 
of all those present to point out the 
imperfections in all reconstitution data 
so far published. 

Also on the slow but steady path 
to purification is the -adrenergic re- 
ceptor (A. Levitzki, Hebrew University 
of Jerusalem). At the same time 
Levitski’s group have accumulated 
kinetic evidence that the f-adrenergic 
receptor is not permanently coupled to 
adenylate cyclase. Instead a ‘collision 
coupling’ mechanism is involved in 
activation of the enzyme folowing 
ligand binding. That evidence comes 
from work on the turkey erythrocyte 
in which Levitzki has very recently 
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discovered a receptor for adenosine 
which also activates adenylate cyclase. 
At this stage it seems that the adeno- 
sine and #-adrenergic receptors com- 
pete for the same enzyme, activating it 
through a common GTP-binding coup- 
ling unit. The adenosine receptor, how- 
ever, seems to be coupled permanently 
to the enzyme. Further study of this 
system should be very instructive in 
sorting out the spectrum of receptor— 
adenylate cyclase interactions, includ- 
ing the possibility raised by P. 
Cuatrecasas (Wellcome Research 
Laboratories, Triangle Park) that the 
receptors reside permanently in separate 
membrane domains from the enzyme, 
never coupling but rather acting 
through molecular messages. 

As the biochemists struggle to 
characterise a few receptors, so 
the pharmacologists keep increasing 
the choice for future -biochemists. 
For example, -adrenergic receptors 
in the brain as in peripheral tissue 
can be subdivided into 8; and $: types 
(S. Nahorski, University of Leicester) 
and there seem to be several 
distinct classes of a-adrenergic recep- 
tor (D. H. Jenkinson, University 
College, London). Other new evidence 
on adrenergic receptors came in the 
Harden lecture delivered by S. H. 
Snyder (Johns Hopkins University). 
Both «æ and the 8 receptors in brain, 
he reported, are sensitive to sodium 
ions. Physiological concentrations of 
sodium decrease the binding of agonists 
but increase the binding of antagonists 
to the receptors (and the reverse 
effect can be demonstrated for the 
angiotensin receptor). That suggests a 
generalisation of the two-conformation 
receptor model previously proposed for 
the opiate receptor by Snyder. 

Much pharmacological evidence for 
multiple opiate receptors (some re- 
cently published: Nature 267, 577; 
1977) was presented by H. Kosterlitz 
(University of Aberdeen). A new line 
of evidence comes from a comparison 
of the action of various opiate agonists 
in two strains of mice. Although 
enkephalin was equipotent in the two 
strains there was a large difference in 
their response to normorphine. 

Most of the interest in the opiate 
receptor, however, remains firmly 
focused on the endogenous ligands. D. 
Smyth (National Institute for Medical 
Research, London) started with men- 
tion of the recently discovered very 
large ‘31K’ precursor to both ACTH 
and §-lipotropin, the latter being the 
precursor of all the endogenous opiates 
except leucine enkephalin. He then 
summarised his (and others) evidence 
demonstrating high opiate-like activity 
of the peptide (C-fragment or $-endor- 
phin) derived from residues 61 to 91 of 
B-lipotropin. C. R. Snell, from Smyth’s 
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laboratory, next presented evidence for 
the existence of extracellular endopep- 
tidases that could degrade -endorphin 
to y- and a-endorphins and to meth- 
ionine enkephalin. He also showed that 
various experimental conditions for the 
extraction of endogenous brain opiates 
could favour activation of the degre- 


dative endopeptidases. Any suggestion 


however that such degradation 
accounted for the isolation of enkeph- 
alins rather than larger peptides from 
the brain was quickly discounted by 
Kosterlitz who pointed out that en- 
kephalins have been extracted as the 
major brain opiates in conditions in 
which B-endorphin is not degraded. 

Confirmation of that came from R. 
Miller (Wellcome Research Labora- 
tories, Triangle Park) who then posed 
the question of the origin of brain en- 
kephalin. The small amounts of B- 
lipotropin detected in the brain 
(Snell) indicate that enkephalin is 
metabolically derived from precursors 
synthesised in situ, Less likely is that 
brain enkephalin has its origins in £- 
endorphin released from the pituitary, 
especially since Miller showed that 
hypophysectomy had almost no effect 
on brain enkephalin content. 

What then is the fate (purpose?) of 
the pituitary endorphin? The dis- 
covery of a hand-in-hand secretion of 
8-endorphin and ACTH into the blood- 
stream from the pituitary (Science 197, 
1367; 1977) at least opens the pos- 
sibility that it plays some part in the 
physiological response to stress. 

Another group of peptide hormones 
to receive attention was the insulin 
family. T. Blundell (Birkbeck College, 
London) explained how it was possible 
to predict the basic three-dimensiona!] 
Structure of insulin growth factor (pre- 
viously called non-suppressible insulin- 
like activity) and relaxin from their 
recently completed amino acid se- 
quences and knowledge of insulin and 
proinsulin three-dimensional structure. 
When the structures are ,;compdred 
with that of insulin it becomes clear 
why insulin growth factor has insulin- 
like activity but relaxin has not. 

Many of the remaining peptide 
hormones were encompassed in one 
grand scheme by L. Kohn (National 
Institutes of Health, Bethesda) who 
reviewed his evidence that the glyco- 
protein hormones are composed of two 
molecuJar subunits as is cholera toxin. 
One subunit is responsible for an 
initial interaction with a hormone- 
specific membrane ganglioside on the 
‘surface of target cells. As a con- 
sequence, the other subunit (character- 
ised by a sequence homology that is 
present also in oxytocin and vaso- 
pressin) can penetrate the membrane, 
after which adenvlate cyclase is acti- 
vated. Recent evidence favours the 


+ 


inclusion of tetanus toxin and inter- 
feron under the same mechanistic 
umbrella. 

Kohn also reported evidence that 
one of the glycoprotein hormones, 
thyrotropin, causes an alteration in 
electrical potential across the mem- 
brane of cultured thyroid cells before 
stimulating adenylate cyclase (Proc. 
natn. Acad. Sci. U.S.A. 74, 2352; 1977). 
That led him to spéculate that ion flow 
may be the primary event for all the 
ligands under his ‚umbrella. Primary 
events were also the concetn of R. 
Michell (University of Birmingham) 
who summarised the evidence that 
favours a crucial role for increased 
phosphatidylinositol turnover following 
ligand-receptor interaction in many 
non-cyclic AMP-dependent systems, 
Unfortunately the evidence, although 
substantial, is indirect and badly in 
need of direct, critical confirmation. 

Finally a word in praise of the im- 
munologists. They (M. Raff, Univer- 
sity College, London; F. Melchers, 
Basel Institute for Immunology; H. 
Wigzell, University of | Uppsala) 
superbly met the challenge of present- 
ing their field to a largely ignorant 
audience in the space of an evening. CJ 


Colonisation 
of a volcano inside 
a volcano 


from Jared M. Diamond 


Tue regrowth of life on islands steril- 
ised by volcanic explosions has offered 
biologists ‘natural experiments’ for 
studying colonisation. Classics of this 


‘type include studies'of Krakatau Gn 


Indonesia, exploded ‘in 1883; Docters 
van Leeuwen Ann. Jard. Botan. Buiten- 
zorg, 56-57, 1; 1936; Dammerman, 
Verh. K. ned. Akad. Wet. Afd. 
Natuurk. IT, 44, 1; 1948; Borssum 
Waalkes, Ann. Bogorienses, 4, 5; 1960) 
and Surtsey (off Iceland, arose from the 
sea in 1963: Fridriksson, Surtsey, 
Wiley, 1975). From‘ observations of 
these islands, biologists have sought 
answers to questions such as: How do 
species differ in their ability to reach 
an empty island? Of the arriving 
species, who survives, and why? 

A promising new study, by Eldon 
Ball (Australian National University), 
Joe Glucksman (Department of Pri- 
mary Industry, Papua New Guinea), 
and Jean-Marie Bassot (CNRS, France) 
is of Long Island off the coast of New 
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Guinea. A recent visit adds to infor- 
mation that Ball and his coworkers 
gathered on five previous visits to Long 
since 1969 (Bassot & Ball Papua New 
Guinea Sci. Soc. Proc. 23, 26; 1972; 
Ball & Glucksman Proc. R. Soc. Lond. 
B 190, 421; 1975; Ball & Johnson in 
Volcanism in Australia, 133-147 (ed. 
R. W. Johnson), Elsevier, 1976; Ball 
Australian Nat. Hist. 19, 12; 1977). 


Factors making Long especially inter- 


esting are that its tropical location ex- 
poses it to a rich pool of colonists, that 
it is not just a single island but a nested 
set all of which have been at least 
partially defaunated in the past 300 
years, that Ball’s teams are virtually 
the only humans to have reached the 
innermost island (reducing the risk of 
species introductions by humans), and 
that there have been multiple colonis- 
ation episodes of this inner island asso- 
ciated with successive eruptions. 

Long Island lies in the Bismarck Sea 
30 miles northeast of New Guinea. It is 
a forested island of 170 square miles, in 
the centre of which is a crater lake 
(Lake Wisdom) of 37 square miles, in 
the centre of which is a small active 
volcano (Motmot Island) of about 10 
acres, in the centre of which was (from 
1968 to 1973) a small crater lake of 
about I acre. By a combination of bio- 
logical, geological, historical and an- 
thropological detective work, Ball has 
amassed evidence that an 18th-century 
explosion buried Long’s former biota 
under tens of metres of lava. Lake Wis- 
dom probably dates from that explosion, 
at least in its present form. The inner 
island, Motmot, is the tip of a sub- 
merged cone that erupted to form an 
island in 1943, was twice eroded down 
to the lake level and recreated by erup- 
tions, and has existed continuously 
since 1968. 

The outer island, Long itself, is 
already covered with rainforest. Its tree 
Species are ones whose seeds arrived 
either by floating in the sea (for ex- 
ample Terminalia catappa, Barring- 
tonia sp.), or else in the guts of birds 
(Ficus, Canarium, and Eugenia species, 
probably brought by fruit pigeons). In 
these forests now live nearly a full 
quota of bird species predicted for an 
island of Long’s area (except for a 
deficit of montane bird species), as well 
as lizards (including the large Varanus 
indicus), snakes, bats, and the arboreal 
marsupial Phalanger orientalis (prob- 
ably introduced by the humans who 
recolonised Long in the 19th century). 

Lake Wisdom is remarkable for its 
depth of 1,200 foot, and for having 
high oxygen concentrations and aerobic 
invertebrate life down to the bottom. 
Most other large lakes in this region 
have anoxic bottoms lacking a bottom 
fauna. Two factors that may transport 
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oxygen to the bottom of Lake Wisdom 
are wind circulation and convection 
currents caused by heating of the water 
around Motmot volcano. Although the 
lake’s surface is at an elevation of 620 
foot and the bottom is thus well below 
sea level, the water is nevertheless fresh 
down to the bottom, implying that the 
lake basin is sealed. 

Lake Wisdom’s biota is impoverished, 
compared with that of an older ‘con- 
trol’ lake nearby (Lake Dakataua), 
probably because the lake is little more 
than two centuries old. The most strik- 
ing absences are of vascular aquatic 
plants, copepods, fish, and turtles. How- 
ever, there are many species of benthic 
algae, invertebrates (aquatic insects, 
molluscs, crustaceans, and one species 
of sponge), and one species each of 
nesting duck and grebe. Winds and 
birds probably brought the plants and 
invertebrates, But the lake also con- 
tains at least one adult crocodile. 
Crocodiles periodically reach the sea- 
coast of Long in floating rafts of vege- 
tation from New Guinea. How they got 
several miles inland and up and over 
the steep crater rim into the lake 
remains a mystery. 

The inner island, Motmot, is difficult 
of human access because of the steep 
crater rim, lack of human population 
on Lake Wisdom’s shore, the four 
miles’ distance over the wind-tossed 
lake from the shore, crocodiles in the 
lake, and near-boiling water tempera- 
tures on some sides. Ball and his co- 
workers have variously reached Mot- 
mot from the lake shore by native-built 
outrigger canoe, collapsible aluminium 
boat, dinghy, or swimming while push- 
ing a raft and avoiding the areas of 
near-boiling water. On Ball’s first visit 
in 1969, 1 year after recreation of 
Motmot by an eruption, the sole 
mature plant was a sedge, the sole land 
invertebrate a lycosid spider. Over the 
next 4 years the number of plant and 
invertebrate species respectively in- 
creased to 17 and 20, until a new erup- 
tion in 1973 destroyed the inner crater 
lake and wiped out most plants except 
a sedge. Ducks and swallows nest on 
Motmot, migrant shorebirds from the 
northern hemisphere periodically visit, 
and a falcon visits from Long itself to 
devour its prey of small birds. 

How do the plant and invertebrate 
colonists reach Motmot? Some arrive 
wind-blown by aerial rafting.. Many are 
washed up on Motmot’s beach, having 
floated from Long across Lake Wisdom 
by themselves or on floating logs. Ball 
found five species of invertebrates on a 
log that had floated past Motmot. 
Numerous seeds that wash onto the 
beach sprout but fail to survive the 
combination of heavy wave erosion and 
changing water levels. Some seeds come 
attached to the feathers and feet of the 


nesting ducks and grow mainly in the 
areas that the ducks frequent. Stili 
other seeds arrive in the guts of the 
faicon’s bird prey. 

What invertebrates colonise Motmot, 
where do they live, and what do they 
eat? On the beach are beetles, earwigs, 
ants, and bugs, living off washed-up 
organic material. Under an algal crust 


on the inner crater lake are collem- 
‘bolans and rove beetles. Around this 


lake are ants, scavenging or eating 
smaller insects. It was a surprise to find 
a lycosid spider as the earliest land 
colonist, since they are strict carnivores 
and since scavengers dominated the 
early colonists of Krakatau and Surtsey 
(but a spider was the first organism 


found on Krakatau after it exploded).. 


What would a solitary carnivore eat? 
Probably aerial plankton; but lycosids 
can gorge themselves and survive half- 
a-year without food. 

As yet, virtually no attention has 
been paid to comparing the. species 
composition of Long’s flora and insect 
fauna with the source biota of New 
Guinea and New Britain. This would 
be a rich data base for understanding 
who does and does not colonise. It 
could also suggest how much time is 
necessary for genetic divergence and 
subspecies formation. For example, the 
description of an endemic bird sub- 
species from Long (Salomonsen 
Breviora Mus. Comp. Zool., Harvard, 
no. 254; 1966) suggests formation of a 
bird subspecies within two centuries, C] 


Tibetan 
meteorology 


from T. B. Tang 


IN its working conference held in J une, 
the Academia Sinica confirmed that 
weather and long-term climatic fore- 
casting has been selected as a key 
research topic in China; in the same 
month, its Institute of Atmospheric 
Physics launched a new journal— 
Atmospheric Science—devoted princi- 
pally to climatic research. (From the 
second issue onwards this journal is 
available and has a table of contents in 
English). Meteorologically, the Ching- 
hai-Tibet Plateau in western China is 
of immediate relevance, if only because 
of its vastness (one-fourth of China’s 
land area). The Plateau has immense 
dynamic effects on the atmospheric 
circulation in the Northern Hemisphere 
and constitutes an important influence 
on the weather and climate of areas 
eastward as far as the Japanese Islands. 

Recently, there has been much 
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scientific activity in Tibet. For instance, 
exploiting the high altitude, the Chinese 


‘have set up there an observational 


Station for cosmic rays. Hard on the 
heels of the completion of field work 
for the comprehensive geological and 
biological survey (see News and Views 
269, 12; 1977), the first major meteoro- 
logical programme commenced in July 
this year and, after three months, has 
now come to a close (Hsinhua News, 
10 October). 

The research programme dealt with 
weather patterns on the Plateau in the 
summer, and was carried out collec- 
tively by personnel of the Central 
Meteorological Bureau, of provincial 
bureaux in northwest and southwest 
China and the Army, as well as by 
local meteorologists. 

The work included the study of 
meteorological data collected between 
1969 and i976, the analysis of cloud 
photographs taken by satellites in 
recent years, and field surveys along 
the middle reaches of Yalu-tsaupo 
River. The detailed findings are not yet 
available. However, the general picture 
Obtained is that in summer, a high pres- 
Sure air mass forms in the upper level 
of the atmosphere; when it moves east- 
ward, it causes drought in the other 
parts of China. At low levels in the 
atmosphere there also frequently occur 
low-pressure eddies and shear lines. 
These are the weather systems respon- 
sible for precipitation in summer on 
the plateau, bringing damaging heavy 
rain. In certain circumstances they 
move eastward and cause devastating 
floods in southwest, central, and eastern 
inland China. An understanding of the 
formation, evolution, and distribution 
of these eddies and shear ‘lines, as well 
as their directions of movement and 
seasonal variations, and the relation- 
ship between these factors and precipi- 
tation is, therefore, vitally important to 
weather forecasting and the mitigation 
of natural calamities. 

In the present connection it is of 
interest to note a review article discuss- 
ing climatic changes in the Plateau 
for the past 500 years, which appeared 
in the September 1977 issue of the 
popular science journal Ke Xue Shi 
Yan, The article reported that an 


Correction 


In the article ‘Carbon fixation path- 
ways’ (News and Views 269, 201; 
1977) paragraph 5, line 7 and follow- 
ing should read “Measurements of 
leaves of quantum yield for CO, up- 


take show the following. At normal 
oxygen tension and 30 °C, CG; and G; 
plants show similar efficiencies, but 


as CO: tension increases the 
efficiency of C; metabolism increases 
whereas C; remains constant.” 
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annual mean temperature profile has 
been worked out, 
from the analysis of the annual 
growth rings of trees; samples were 
selected from trees found at around 
4,300m above sea level. On the 
other hand, trees growing at about 
3,000 m on forest edges, where moisture 
rather than warmth becomes growth- 
limiting were used for estimating 
annual precipitation. In spite of greater 
variations from place to place, the 
picture has emerged that in the 1770s, 
the 1830s and the early 20th century, 
annual precipitation was on the whole 
higher than that at present. It was 
lower, however, during the longer 
periods of the late 18th century, the 
second half of the 19th century, and 
the mid-20th century. In the past 20 
years rainfall has been steadily 
decreasing by a relatively large total 
amplitude of approximately 10%. It 
has been possible to check this picture 
independently with the observed history 
of water levels in lakes (from field sur- 
veys or satellite pictures), the motion 
of glaciers (especially their regression), 
the movements of snow-lines as well as 
water table levels, and in a few cases 
with documented records. In general, 
the results are all consistent with the 
proposed former variations in annual 
mean temperature and precipitation. (1 


Singlet oxygen in 
chemistry and 
biology 


from R. B. Cundall 


An International Conference on 
Singlet Oxygen and Related Species 
in Chemistry and Biology was held 
on 21-26 August, 1977 at the White- 
shell Nuclear Research Establish- 
ment in Pinawa, Manitoba. Many of 
the papers will be published in a 
special issue of Photochemistry and 
Photobiology. 


Tue Earth has an atmosphere con- 
taining diatomic triplet oxygen (Zs); 
essential for life in the form in which 
we know it. Consequently an under- 
standing of the chemistry of all oxida- 
tion processes which have both bene- 
ficial and harmful effects is one of the 
major problems confronting both bio- 
chemists and chemists. The meeting 
aimed to foster the interaction of physi- 
cal chemistry with biology in elucidating 
oxidative transformations, and attracted 
scientists from fields as diverse as 
medicine and molecular physics. 

A feature of oxygen chemistry is 


using evidence . 


-enzyme system 





the interconvertibility of reactive oxidis- 
ing transients. Attention was mainly 
directed to the behaviour of *A,O:, 
1Z,*O2., ‘OH, Oz /HO», O:, H:2O:, 
organic peroxides and hydroperoxides, 
and derived species such as some of the 
oxidising inorganic radical anions, Dif- 
ferent groups of specialists, showing 
common interests in oxidation mechan- 
isms presented new work using a wide 
range of techniques. Particularly pro- 
minent were laser photolysis, pulse 
radiolysis, luminescence, chemilumin- 
escence, ESR, NMR, as well as con- 
ventional biochemical techniques, 
steady state photolysis and radiolysis 
with product analysis. 

Quantitative measurements, mainly 
by pulse radiolysis, show hydroxyl 
radicals to be very reactive and to inter- 
act unselectively with most biological 
molecules at rates which are practically 
diffusion controlled. The fate of the 
secondary radicals formed by attack on 
substrates was very much a subject for 
discussion since it is clear that oxida- 
tion in biochemical systems must 
generate a species of reactivity compar- 
able to OH. The process usually cited 
to explain this has been 


O, + H:0: > OH + OH + O: 


a component of the now classical 
Haber-Weiss mechanism (1934). This 
cannot be the reaction involved since 
it has been established as slow (B. H. J. 
Bielski, Brookhaven National Labora- 
tory; G. Czapski, Hebrew University, 
Jerusalem). Alternatives proposed were 
metal-mediated processes, enzyme- 
metal catalysis or involvement of per- 
oxides, particularly those derived from 
lipids. 

The low reactivity of the -Ox /HOr 
system is now widely agreed and it is 
clear that in general ‘Ox, like H:0», 
reacts only with such readily reducible 
molecules as those containing labile SH 
groups. Nevertheless the biochemical 
role and significance of the superoxide 
anion is puzzling. The xanthene oxidase 
is an efficient O7 
generator. The superoxide dismutase 
(SOD) whose function was first defined 
by one of the participants, I. Fridovich 
(Duke University, North Carolina), 
apparently exists solely to bring about 


Or + Oy pie O: + H0; 


The nature of this type of enzyme and 
its properties was a dominant topic in 
both presentations and discussion. The 
pulse radiolysis technique has been 
particularly successful in elucidating 
the mechanism of these metallo- 
enzymes (E. M. Fielden, Institute of 
Cancer Research, Sutton, 'Surrey). The 
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use of catalase to remove HO, com- 
pletes an enzyme trio used to a large 
extent in mechanistic studies. 

Radiation chemistry now has an 
established role as the most prolific 
source of information on free radical 
reactions in aqueous solution and 
several papers gave evidence of progress 
in the area. A significant contribution 
to radiobiology was the demonstration 
that SOD is an effective radioprotector 
exerting a protective role even when 
administered after radiation doses have 
been delivered (A. Petkau, Whiteshell 
Nuclear Research Establishment). This 
clearly shows where knowledge of 
primary radiation effects and oxidative 
enzyme reactions can be combined to 
advantage. 

The role of O, in biochemical 
systems is not yet clear. It does not 
seem to be formed in significant yields 
from O7, in polar systems at least, 
although it can be formed by chemical 
reactions which generate it directly or 
by energy transfer to *2, Os from a 
product formed in the triplet state. The 
paper of J. Cadet (Centre d’Etudes 
Nucleaire de Grenoble) in which meth- 
odical attempts to generate separately 
1A,O. as well as OH and Oxy and then 
examine their reaction with DNA con- 
stituents shows how the subject is likely 
to progress in the immediate future. 

The use of dye photosensitisers in 
research on the so-called photodynamic 
effect is an area in which an important 
role for ‘AzO, is beyond dispute. The 
complications arising in particular 
cases from the simultaneous participa- 
tion of the Type I (free radical) and 
Type II (Az) processes were described 
by several authors and the behaviour 
related to dye and binding properties 
(T. Ito, University of Tokyo). A 
number of papers dealt with experi- 
mental techniques, especially interesting 
were those on the use of dye lasers for 
excitation of singlet oxygen. 

Many interesting studies on specific 
systems were reported; for example M. 
Kasha (Florida State University) has 
found that pressurisation by oxygen 
produces complexes which remain even 
when the pressure is reduced. The 
"E, state of benzene has been revealed 
and the T:—>S. emission from pyridine 
seen for the first time by this method. 

An experiment in conference organi- 
sation was a public meeting held on 
the first evening in which five speakers 
gave short presentations of interest re- 
levant to the content of the scientific 
programme to a wide audience. Topics 
were skin sensitivity to light (M. M. 


Mathews-Roth, Harvard Medical 
School), free radicals and ageing (J. D. 
Crapo, Duke University, North 


Carolina), sunlight and air pollution 
(B. D. Goldstein, New York Univer- 
sity), the ozone layer (H. R. Rawls, 
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Lousiana State University), and the 
fate of spilled oil (R. A. Larson, Stroud 
Water Research Centre, Avondale, 
Pa.). More than 300 people from a 
small community attended and there 
was active questioning and discussion. 
This might be a possible way for scien- 
tists to bring their scientific work and 
opinions directly, rather than through 
the media, to a lay audience, especially 
on controversial topics. LJ 


Thin film technology 


from C. W. Pitt 


The first of an intended series of 
international conferences on ion- 
assisted thin film coating techniques 
was held in Edinburgh on 8-10 June 


1977. The Proceedings are available 
from CEP Consultants, Edinburgh. 
The next IPAT conference will be 
held in London in July 1979. 





THE presentations covered a wide range 
of experimental and production pro- 
cesses, ranging from ion plating, ionised 
clusterbeam technology, r.f. sputtering, 
magnetron sputtering, sputter-ion 
plating, ion implantation and activated 
reactive evaporation and plasma deposi- 
tion. An equally large range of applica- 
tions of the various methods was 
presented including tribology, tool 
coatings, corrosion resistant turbine and 
airframe components, decorative 
finishes, gas storage, semiconductor, 
optical and solar devices, electronic 
components and steel hardening. 

A number of the papers were of 
particular interest to electrical and 
electronic engineers and solid-state 
physicists. The paper by T. Takagi et 
al. (Kyoto University} on  ionised 
cluster-beam technology suggested that 
the required incoming material mobility 
on the substrate can be achieved by 
partially ionising clusters of atoms from 
an adiabatic expansion source and, 
provided that the deposition rate is 
maintained at least 10° higher than the 
residual gas impingement rate, single 
crystal and near bulk density films of 
a wide range of materials may be 
deposited. The technique has been 
applied in numerous ways—for 
example, epitaxial silicon on silicon, 
InSb on sapphire, GaAs on Cr: GaAs. 
Silicon solar cells grown n on p, have 
been fabricated with exposed-surface- 
layers of 140 A and which exhibit 70% 
of the peak output voltage from 450 nm 
to 950 nm. Low resistance noble metal 
films deposited on glass substrates have 
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demonstrated near bulk resistivity in 
films 200 A thick; thicker films of the 
same metals have been used as inter- 
connections on passivated semiconduc- 
tor chips and have successfully covered 
8 zm oxide steps. Furthermore, ohmic 
contacts have been made to semicon- 
ducting material (Ag on n-type silicon, 
AuBe on p-type GaP) without inter- 
face metals or sintering. Lonised cluster- 
beam deposition on Mn-doped ZnS was 
also reported to have produced d.c. 
electroluminescent displays of similar 
properties to those produced by evap- 
oration and subsequent implantation of 
the dopant. The superior adhesion 
properties of the process were demon- 
strated by the fabrication of flexible 
printed circuit board which meets the 
requirements of IPC-FC-240B specifica- 
tion, 

K. Jones et al. (ICI, Runcorn) have 
also examined Au, Cu, and Al 
layers deposited on several types of 
flexible plastic substrates—polyether- 
sulphone, polypropylene, polyimide 
and polyester. They concluded that the 
Cu: polyethersulphone system was par- 
ticularly suited for flexible pcb con- 
struction by the ion-plating process. 
lon plating produced good decorative 
finishes for most of the metal/plastic 
combination. Sims, in a review of ion- 
plating applications, again mentioned 
the fabrication of printed circuit board 
material. He also cited a number of 
less obvious applications such as 
battery-grid coatings which result in an 
improvement in the energy storage 
efficiency of lead/acid cells, aluminium 
coatings for steel and plastic lamp- 
reflectors and which are subsequently 
protected by ion-plated glassy layers, 
and also coatings for X-ray anodes for 
use in the soft wavelength spectrum. 
B. Heinz (Leybold Heraeus, Hanau) 
reported the use of electron-beam ion 
plating for forming the contact layers 
of noble metals on reed-relay blades. 
He and his colleagues have found that 
the switching lifetime of the plated 
blades could be enhanced by a factor 
of 10 times in appropriate conditions, 
and that the process produced blades 
with reduced sticking probability and 
contact resistance. The process is in 
industrial production. 

Anti-reflective and protective coat- 
ings for germanium lenses for infrared 
imaging were discussed by E. Hender- 
son (Pilkington, St Asaph). Aithough 
the experiments reported were in the 
early stages, it was clear that serious 
consideration is being given to the use 
of ion plating for depositing ZnS anti- 
reflection coatings on  ftve-element 
large-area zoom lenses for operation at 
8-12 um in corrosive atmospheric con- 
ditions, in aircraft (for example). Pre- 
liminary data indicate an improvement 
in lifetime of four to eight times in 
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adverse conditions. C. W. Pitt (Univer- 
sity College, London) reviewed the r.f. 
sputtering process, with particular 
emphasis on the capability of this pro- 
cess for depositing dielectric films with 
good optical properties. The technique 
has been found to be attractive for 
fabricating optical waveguiding com- 
ponents for integrated-optics applica- 
tions. Hard graphitic carbon deposits 
may be prepared by vapour deposition 
from a hydrocarbon gas excited into a 
plasma-phase by an rf. field S. M. 
Ojha (University of Sussex) presented 
some details of this process and of the 
films produced—it was projected that 
the rather impressive hardness (un- 
scratched by tungsten carbide) and 
chemical passivity (insoluble in any of 
the solvents and acids used, including 
hydrofiuoric acid) might lead to appli- 
cations in semiconductor passivation 
and infrared filters. 

The increasing use of nuclear power 
stations for generating electricity has 
produced several contentious issues, not 
least of which is the disposal of radio- 
active wastes. The storage of active 
gases is particularly sensitive in view of 
the rapid dispersal if the container is 
damaged. D. S. Whitmell et al. (UK 
Atomic Energy Authority) have devised 
an ingenious method of containing 
radioactive “Krypton for the required 
100-200 yr and which greatly reduces 
the potential danger if the container is 
damaged. The gas is incorporated into 
a copper thin film matrix by plating a 
thin film of the metal on a substrate 
by d.c. sputtering, followed by a rever- 
sal of the field so that gas ions are 
bombarded at the deposited film, pene- 
trate and are trapped. The process. is 
then repeated many times until a thick 
deposited layer with occluded gas 
entrapment is built up. It was claimed 
that up to 5% (atomic) gas occlusion 
could be achieved—a similar storage 
capability to a high pressure gas 
cylinder (approximately 1701 of gas at 
NTP per l of metal). Damage to the 
deposit results in very little gas release 
and only from the area local to the 
damage. 

Two papers on ion implantation, by 
C. Dearnley et al. (Atomic Energy 
Research Establishment, Harwell) and 
by V. Ashworth et al. (University of 
Manchester Institute of Science and 
Technology) suggest that semiconductor 
devices are not the only area in which 
the electronic/electrical industry will 
be influenced by this process. The 
papers primarily dealt with ion im- 
plantation of dopants into metals as a 
means of altering the wear-resistance 
of the host metal. But it was apparent 
from the results of tests on the electro- 
chemical potentials of the doped 
materials that cathodic protection with 
improved efficiency may well be 
feasible, il 
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Biochemistry of the bacterial catabolism of aromatic 
compounds in anaerobic environments 


W. Charles Evans* 





Methods of aerobic degradation of aromatic compoun 
relatively recently that it has been shown how some 


ds in the biosphere are well understood, but it is only 


bacteria can also degrade these substrates in the 


absence of molecular oxygen. This occurs by photometabolism (Athiorhodaceae), nitrate respiration 
(Pseudomonas and Moraxella sp.) and methanogenic fermentation (a consortium) in which the benzene 
nucleus is first reduced and then cleaved by hydrolysis to yield aliphatic acids for cell growth. These 
methods may be used by microbial communities to catabolise man-made pollutants. 





THE biogeochemical cycles which operate on Earth are essential 
for the maintenance and continuation of life as we know it. Solar 
radiation provides the energy which is harnessed by photo- 
synthesis. Relatively simple inorganic chemicals (supplied by soil 
minerals, natural waters and air) are utilised by autotrophs for 
their biochemical processes; these feed the heterotrophs. After 
death, the constituents of living organisms are mineralised again 
by microorganisms. This dynamic sequence of events illustrated 
by the biological carbon cycle (Fig. 1) has evolved over a 
geological time scale and in a variety of physical conditions. 

Although there is diversity and increased biochemical com- 
plexity as we pass from bacteria to plants and animals, their 
cellular metabolism and the structures concerned with the basic 
reactions of life have much in common. Yet, their biosynthetic 
and degradative powers differ markedly. Plants are unique in 
making large quantities of insoluble polymers, including the 
aromatic macromolecules—lignins and tannins—which only 
microorganisms can degrade. This sector of the C cycle shown in 
Fig. 2 has the slowest turnover rate of all natural products’ ; soil 
humus, however, confers beneficial properties on this medium for 
plant growth. 

Microorganisms have evolved enzymes of impressive versatility 
to metabolise natural products; use is made of these in the food 
industries, water purification and sewage treatment. Science is 
also applied to control other sectors of the biological C cycle, for 
example, artificial fertilisers, herbicides, fungicides and in- 
secticides to increase food production; detergents and phar- 
maceuticals for health reasons. Many of these are synthetic, 
xenobiotic, aromatic organic chemicals and together with the ever 
increasing waste products of industry, present an added burden 
for the mixed microbial populations of soils and natural waters to 
dissimilate. 

Three general methods exist for the catabolism of organic 
compounds. (1) In aerobic respiration, the oxidation stages occur 
at the expense of molecular oxygen as the terminal electron 
acceptor; Oz is also a reactant for oxygenase enzymes since it is 
incorporated into the products. The availability of O2 is often a 
limiting factor in mineralisation. (2) In anaerobic respiration, 
bacteria use inorganic electron acceptors to metabolise substrates 
in the absence of air. Thus, NO3 is reduced to N2 or NH3; S037 
to S?~: and CO. to methane (CH4). Although pathways of 
degradation are usually identical in aerobic and anaerobic res- 
piration, this is not the case for aromatic compounds. (3) In 
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fermentation, no external electron acceptor is required, the 
carbon source is degraded anaerobically by a series of reactions 
that release energy by substrate-level phosphorylation. There isa 
wide range of fermentation products; aerobic processes are 


necessary to complete that part of the carbon cycle initiated this 


way. 

Clearly, the utilisation of any of these pathways is determined 
by the nature of the habitat. Aerobic and anaerobic environments 
exist in the biosphere; if the oceans are taken into consideration, 


'the size of the latter far exceeds that of the former?. Conditions 


must also be such as to sustain microbial life—nutrients must be 

available and the pH and temperature favourable—for mineral- 

isation to occur. Vast quantities of organic matter was seques- 
Fig. 1 The biological carbon cycle. (Modified from original in 


ntroduction to Bacteria and their Ecobiology, by R. N. Doetsch & 
T. M. Cook, University Park Press. Baltimore, 1973). 
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trated in the lithosphere in ancient times—now forming the coal, 
oil and natural gas measures—which remained virtually intact 
until man began to bring these sources of carbon and energy into 
circulation again. Soils and sediments provide all the conditions 
mentioned above; the continuous alternation between aerobic 
and anaerobic habitats control the biological carbon, nitrogen, 
sulphur and other cycles in soils?. 

These factors are well illustrated when we consider the various 
methods of microbial degradation of aromatic ‘compounds in 
nature; they also have a basic relevance to the problems of 
environmental pollution. 


Catabolism of aromatic compounds 


It is about 30 years since the salient chemical features of the 
aerobic ortho (intradiol) pathway of bacterial aromatic-ring 
metabolism was eluciated*-®, This was followed by the discovery 
of the alternative meta (extradiol) method by which some bacteria 
cleave the benzene nucleus?-!?, These aerobic pathways are 
initiated by microbial mono- and di-oxygenases; molecular 
oxygen is essential for them to function since it is incorporated 
into the reaction-products!3. They have been extensively re- 
viewed 14-16 and need no repetition here. 

Natural selection among microorganisms has explored the 
chemical possibilities of how to convert stable aromatic structures 
into useful metabolites; all aerobes employ the device of oxy- 
genative ring-cleavage. In anaerobic conditions this is prohibited; 
evolutionary considerations indicate that the only remaining 
options available to bacteria in the primitive biosphere with its 
anoxygenic atmosphere are either hydration or hydrogenation 
followed by non-oxidative ring fission. Chemical considerations 
indicate that for additions to an aromatic nucleus to occur, the 
system of bonding characterised by extensive delocalisation of the 
IT electrons must be converted into one in which little of the 
delocalisation energy remains. Hydrogen saturates the aromatic 
ring under moderate conditions, whereas addition‘of water is not 
observed and is thermodynamically improbable. Predictions 
made on chemical reactivity alone are not necessarily valid for 
enzyme-catalysed reactions; indeed, both ideas were at one time 
entertained. It has now been established that in all Cases in- 
vestigated where aromatic substrates are degraded under anae- 
robic conditions, the microorganisms utilise the remarkable 
biochemical device of initial ring reduction, first announced by 
Dutton and Evans!’. 

Indications that anaerobic methods of aromatic-ring met- 
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abolism exist in nature which permit cleavage without the 
participation of oxygen per se was provided by Tarvin and 
Buswell'®. They reported that benzoate, phenylacetate, phenyl- 
propionate and cinnamate were completely utilised with the 
production of CO2 and methane by a sewage-sludge inoculum in 
strictly anaerobic conditions. During the past decade advances 
have been made in understanding the biochemistry of this 
phenomenon. It transpires that the anaerobic dissimilation of the 
benzene nucleus occurs in at least three different sets of biological 
conditions and it is the main purpose of this article to delineate 
progress made in each case. 


Anaerobic photometabolism of benzoate 
by the Athiorhodaceae 


Several species of the purple non-sulphur bacteria, the Rhodospiril- 
laceae are able to grow at the expense of simple aromatic 
compounds as sole carbon source both anaerobically in the light by 
photosynthetic means and aerobically in the dark by respiration. 
Proctor and Scher?®, studying the photometabolism of benzoate 
by Rhodopseudomonas palustris, assumed that the ‘bound oxygen’ 
produced by the light reaction (van Niel?°) was equivalent to 
molecular oxygen; a pathway similar to the known aerobic 
methods of dissimilation was therefore suggested. Leadbetter and 
Hawk?', and Dutton and Evans??, however, obtained results 
which made this hypothesis untenable; Rhodopseudomonas 
palustris cells grown photosynthetically on benzoate or the 
hydroxybenzoates showed no respiratory activity with these sub- 
strates in aerobic conditions. Furthermore, such cells were devoid 
of the enzymes of the aerobic pathways, and the familiar 
intermediates were not detectable in culture. Figure 3 illustrates 
dramatically the inhibitory effect of oxygen and the obligatory 
requirement for light in the photometabolism of benzoate. 

It became apparent that another method of biochemical attack 
on the benzene nucleus must occur in these conditions; the 
addition of hydrogen seemed to us a distinct possibility. Un- 
labelled ‘test’ intermediates to be expected if a reductive pathway 
operated, were incubated with cell suspensions of 
Rhodopseudomonas palustris actively photometabolising (U-!4C) 
benzoate (I); after appropriate time intervals the test compounds 
were extracted and examined for any isotope exchange. 
Cyclohexanecarboxylate (II), cyclohex-l-enecarboxylate (III), 
2-hydroxycyclohexanecarboxylate (IV), 2-oxocyclohexanecar- 
boxylate (V), and pimelate (VI) became labelled— indicating that 
the seven carbon atoms of benzoate remain together until after the 
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Fig. 3 The effects of air, light and darkness on the photo- 

metabolism of Benzoate by Rhodopseudomonas palustris cells. The 

initial conditions were anaerobic with illumination. In the period 

(A-B) between the arrows the conditions were: air-light (O), 
air-dark (@) and anaeroboic—dark (D). 


ring cleavage stage. These results suggested!”?? a series of 
reactions involving the reduction of benzoate (or a derivative) toa 
cyclohexanecarboxylate moiety followed by a coenzyme-A medi- 
ated B-oxidation sequence. Because the reduced acid is alicyclic, 
instead of the usual release of acetyl-CoA, breakage of the bond in 
the 1,2 position occurs to yield pimelate (or its equivalent). This 
new reductive pathway illustrated in Fig. 4 subsequently received 
independent support from Guyer and Hegeman?* who showed 
that the behaviour of Rhodopseudomonas palustris mutants was 
consistent with such a scheme. We have recently demonstrated the 
occurrence of these reactions using sub-cellular fractions from 
Rhodopseudomonas palustris grown photosynthetically on ben- 
zoate with the following results (ref. 25 and D. O. Lunt and 
W.C.E., unpublished). (I) A washéd chromatophore suspension 
reduced benzoylphosphate but not benzoate or benzoyl-CoA; 
light and anaerobic conditions were essential for this to occur. A 
cell-free extract in the presence of CoA, ATP, NAD+ and Mg? + 
ions converted cyclohex-1-enecarboxylate to pimelate in anaerobic 
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or aerobic conditions and in the light or dark. 

These results provide strong evidence for the presence ofa light- 
dependent membrane bound proton-translocating redox system 
in these chromatophores; the low potential reductant may be a 
ferredoxin, which also plays a part in photosynthetic electron 
transport. In addition, they confirm the presence of the appro- 
priate B-oxidation suite of enzymes in these cells responsible for 
the subsequent series of reactions resulting in ring-cleavage. 

Although all members of the Athiorhodaceae examined utilise 
several aromatic acids photosynthetically, some can also met- 
abolise phloroglucinol in these conditions. Using Rhodopseud- 
omonas gelatinosa, we detected dihydrophloroglucinol and 2-oxo- 
4-hydroxyadipate in photosynthetic cultures growing on phlorog- 
lucinol as sole carbon source?>. Surprisingly, a soluble extract 
from these cells reduced phloroglucinol to dihydrophloroglucinol 
in the presence of NADPH as specific hydrogen donor in the dark. 
Our knowledge of the subsequent events leading to ring-fission is at 
present fragmentory, but is tentatively formulated as in Fig. 5. 


Anaerobic metabolism of benzoate through 
‘nitrate respiration’ - | 


Oshima?® described a bacterial culture containing two different 
organisms from soil, which in combination but not separately, 
grew anaerobically on a variety of aromatic substrates in the 
presence of nitrate. Using N’°O3 and p- 
hydroxybenzoate or protocatechuate as substrate, these or- 
ganisms incorporated more of the heavy oxygen isotope than with 
succinate as the C source. He concluded that in the anaerobic 
cleavage of the aromatic ring, the oxygen atoms of NO3 were used 
in a manner similar to that of molecular oxygen. This definitive 
inference seems unwarranted, bearing in mind the nature of his 
experiments. Taylor and his collaborators””:*® then isolated from 
soil a pure culture of a Pseudomonas strain (PN 1) with a similar 
nitrate-dependent anaerobic metabolism of aromatic acids. Their 


‘results showed quite clearly that the anaerobic breakdown of the 


aromatic ring is different and quite distinct from the aerobic 
pathways. Although unsuccessful in revealing the pathway, they 


suggested that aromaticity was destroyed by the addition of three 


molecules of water to the benzene nucleus in preparation for ring 
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Fig. 4 Reaction sequences in the anaerobic metabolism of ben- 

zoate. a, Photometabolism (Rhodopseudomonas palustris). b, Ni- 

trate respiration (Moraxella sp.). Methanogenic fermentation by a 

consortium is initiated by facultative Gram-negative bacteria which 

perform the reductive and ring-cleavage stages; the resulting 

aliphatic acids give rise to acetate, hydrogen and CO,, substrates for 
the methane bacteria (see Fig. 7). 
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cleavage. (A similar mechanism had been suggested for the aerobic 
catabolism of aromatic substrates??.) We could not agree with 
their hypothesis on theoretical grounds, yet these workers had 
drawn attention to an important phenomenon. We also isolated a 
Gram-negative bacterium from soil which metabolised benzoate 
anaerobically in the presence of nitrate?’ ; it turned out to bea 
Moraxella sp. (N.C.1.B.11086) instead of a Pseudomonas. Con- 
comitant with the disappearance of the aromatic substrate in these 
Moraxella cultures, nitrate was reduced to nitrogen gas. When 
(ring-U-1*C) benzoate was incubated anaerobically with these 
cells in nitrate-phosphate buffer, we identified labelled cyclo- 
hexanecarboxylate (I1), cyclohex-l-enecarboxylate (IQ), 2- 
hydroxycyclo-hexanecarboxylate (IV)-and adipate (XII). Using 
(carboxy- '4C) benzoate in a similar experiment, the above 
intermediates were again radioactive with the exception of adipate. 
Subsequently, we were able to show that Pseudomonas PN1 
(obtained through the courtesy of Dr Taylor) behaved similarly: 

These results imply that the reductive pathway operates in the 
anaerobic catabolism of aromatic substrates through nitrate 
respiration®!. The production of adipate, instead of pimelate 
in these cultures: is explained by a divergence at the 2- 
oxocyclohexanecarboxylate stage, with its decarboxylation to 
cyclohexanone (VII) followed by alicyclic ring-cleavage by an 
unknown mechanism, as shown in Fig. 4. : 

Recently, Bakker*? has demonstrated that a mixed bacterial 
culture adapted from a primary inoculum consisting of a mixture 
of soil, manure and sewage-sludge, degrades phenol in anaerobic 
conditions in a nitrate-mineral salts medium. The qualitative 
composition of this consortium remained fairly constant on serial 
transfer in liquid culture and consisted of Gram-negative bacteria 
and a spirillum. It also utilised benzoate, the monohydroxyben- 
zoates, protocatechuate and the cresols in similar conditions. 
(ring-U-'*C) Phenol was converted into ‘*CO, and radioactive 
cell material; labelled n-caproate and acetate were also identified 
in the culture fluid. Bakker has, therefore, suggested that phenol is 
reduced to cyclohexanone followed by a-hydrolytic scission of the 
alicyclic ring to n-caproate which can then undergo f-oxidatton to 
give utilisable metabolites for cell growth, represented in Fig. 5. 
Methane was not produced in Bakker’s cultures, presumably 
because of the presence of nitrate; Chmielowski and coworkers*?, 
however, have described a methanogenic fermentation of phenol. 

A probable interpretation of events in the bacterial catabolism 
of aromatic compounds through anaerobic nitrate respiration 
may be: the reductive phase is accomplished by a ferredoxin-type 
reductant followed by the B-oxidation sequence and ring-cleavage 
to aliphatic acids; since these have to serve as carbon and energy 
source, a part must be oxidised and the resulting reduced 
coenzymes re-oxidised via a membrane bound proton- 
translocating redox system which is coupled by the electron 
transport chain to nitrate through nitrate reductase. 


Methanogenic fermentation by a consortium 


The formation of methane and COQ. from aromatic natural 
products was the first observation to be made involving the 


biological destruction of benzenoid structures in strictly anaer- . 


obic conditions!®. It can occur in the absence of nitrate, sulphate 


OOE 


and light through the action of an adapted microbial community. 
Itis surmised that this phenomenon occurs widely in nature, in the 
processing of sewage and other waste effluents and in trans- 
formations of some pesticides. . 

Clark and Fina**, Fina and Fiskin®? and Roberts*® working 
with benzoate as substrate and a consortium adapted from 
rumen-liquor and/or sewage-digester sludge, applied quantitative 
radiotracer techniques with the following results: (carboxy-!*C) 
benzoate behaved like exogenous **CO, in that it was not 
primarily reduced to methane. (Ring-'*C,1)benzoate appeared 
mainly as '*CH,; (ring-'*C,4) benzoate was converted largely to 
14CO,. Propionate, acetate and formate were detected in the 
steam volatile fatty acid fraction of the fermentation liquor. The 
propionate was labelled in the carboxyl-C when (ring-**C,4) 
benzoate was used (L. R. Fina, personal communication), but not 
when (ring-}*C, 1) or (carboxy-'*C) benzoates were substrates. 

That the composition of the fermentation gases agrees with the 
stoicheiometry demanded by the equation below was confirmed 
by Nottingham and Hungate?” using (ring-U-**C) benzoate: 


414C.Hs.CO2H + 18H20 — 15 '*CH4+9 !4CO: +4 CO2 


Although several workers had shown that 
benzoate—methanogenic cultures utilised certain members of the 
reductive pathway without a lag period, definitive chemical 
evidence for their participation was lacking until an abstract of 
the work of Keith?! appeared. Isotopic trapping experiments 
enabled him to identify cyclohexanecarboxylate, cyclohex-1- 
enecarboxylate, heptanoate, valerate, butyrate, propionate and 
acetate in such cultures. He proposed that benzoate is reduced 
step-wise to cyclohexanecarboxylate followed by a reductive 
cleavage of the C,1-C,2 bond to give heptanoate; f-oxidation 
would then degrade this to valerate and propionate with the 
ultimate formation of acetate, one of the substrates for methane 
bacteria. Balba and Evans®’, using similar techniques, also 
detected the formation of cyclohexanecarboxylate, cyclohex-1- 
enecarboxylate, propionate and acetate from benzoate in both 
rumen and sewage-sludge methanogenic cultures; adipate was 
also identified in the latter fermentation liquor. Although there 
were about five other unidentified labelled acidic components 
present, none of these corresponded to heptanoate, n-caproate, 
valerate or butyrate. Prins (personal communication) and 
his collaborators have identified trans 2-hydroxy- 
cyclohexanecarboxylate, 2-oxocyclohexanecarboxylate, pim- 
elate, caproate, butyrate, acetate and molecular hydrogen as 
metabolites of benzoate in methanogenic cultures adapted from 
the black mud of a polluted river. 

Whether the methanogenic fermentation of benzoate is accom- 
plished entirely by species of methane bacteria or if it requires the 
cooperation of other members of the consortium, remained an 
open question until recently. In an elegant study, Ferry and 
Wolfe*? observed that o-chlorobenzoate inhibited benzoate de- 
gradation without affecting the production of methane from 
acetate; the uncoupling of these two steps argues in favour of a 
microbial food chain. Quantitative studies on the rate of ap- 


ere Fig. 6 Anaerobic metabolism of phenol 
3 Metaboli through »-caproate by a consortium in the 
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pearance and disappearance of intermediates and formation of 
products using 14C Jabelling where necessary, enabled these 
workers to propose the following steps in the overall conversion 
of benzoate to methane: 


(1) 4Cs6HsCOOH+24H20 > 12 CHCOOH + 


4HCOOH +8 H: 
(2) 12CH,;COOH -> 12CH4+12CO2 
(3) 4HCOOH > 4C0O2+4H2 

(4) 3CO3+12H2 > 3CH4+6 H20 


Net 4CsHsCOOH +18 H20 > 15CH4+ 13 CO2 


A careful study of their consortium which had been subcul- 
tured for a few years revealed three predominant methanogenic 
organisms. Methanobacterium formicicum and Methanos- 
pirillum hungati were obtained from the floc in pure culture, but 
the acetate-degrading methanogenic bacterium defied attempts at 
isolation. None of these utilised benzoate. A facultative Gram- 
negative organism which utilised benzoate aerobically was also 
present, but it failed to grow on this substrate anaerobically even 
in the presence of nitrate. Their cultures produced methane 
without a lag-period from cyclohexanecarboxylate, 2-hydroxy- 
cyclohexanecarboxylate, salicylate, pimelate and acetate; 
cyclohex-1-enecarboxylate did not behave this way. Ferry and 
Wolfe*! point out that the energetics of benzoate degradation 
make it obligatory for the methane bacteria to utilise the acetate 
produced if the facultative benzoate-degrader is to obtain energy 
for growth in conditions which exist in the culture. 

In the methanogenic cultures of Balba and Evans?’, electron 
microscopy revealed methanogenic bacteria similar in mor- 
phology to those already described by Ferry and Wolfe*®. The 
facultative Gram-negative organism present in our consortium 
grew aerobically on p-hydroxybenzoate but not on benzoate. It 
was, nevertheless, able to degrade benzoate anaerobically in the 
presence of nitrate (compare Williams and Evans?'). Our cultures 
continued to produce a gas mixture of approximate composition, 
CH4 (54%), CO2 (46%) without a lag-period when benzoate was 
replaced by alicyclic intermediates of the reductive pathway, the 
hydroxybenzoates, phloroglucinol, cinnamate, phenylalanine 
and even shikimate or quinate. 

It has now been established that in all these mixed cultures 
which ferment aromatic compounds to methane and CO2, the 
benzene nucleus is first reduced and then cleaved to aliphatic acids 
by facultative Gram-negative organisms; these acids are then 


Fig. 7 Probable path- 
ways in the fermentation 
of benzoate and phenol 
by adapted bacterial 
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converted to suitable substrates for various methane bacteria to 
complete the process. The electrons generated are probably 
excreted as H, gas which is used for the reduction of CO, to CH: 
Pure cultures of all the necessary bacteria from these consortia are 
not yet available for the deliberate reconstitution of the com- 
munity. It is unlikely that the consortia studied by different 
workers are absolutely identical in bacterial species composition, 


yet almost all investigators find the same alicyclic intermediates. 


The fatty acid anomaly, the occurrence of heptanoate in Keith’s 
benzoate-methanogenic cultures could have other explanations 
for its origin rather than the one postulated, the reductive 
cleavage of cyclohexanecarboxylate, a reaction for which there is 
no biochemical precedent, Fig. 7 shows these intermediates. 

Inocula from anaerobic environments where methane gas 
formation occurs, can be adapted to the methanogenic fermen- 
tation of benzoate in about 1-2 months; an initial addition of 
acetate as well to the culture shortens this period considerably. 
This does not mean that the benzene nucleus is actually degraded 
in all these anaerobic environments, for example, benzoate and 
the aromatic amino acids do not give rise to methane in the 
rumen; they are excreted as urinary hippurate and other con- 
jugates. Shikimate and quinate are, however, reduced by rumen 
microflora to cyclohexanecarboxylate which appears in the urine 
of herbivores as hexahydrohippurate*?. 

The rate-limiting steps in the biological degradation of natural 
aromatic polymers occur at the stage when it is necessary to 
dismember the lignins and tannins into their small molecule 
aromatic components. (Artificial treatment of ligno-cellulosic 
material with alkali at an elevated temperature results in a much 
improved utilisation of their phenolic components by methano- 
genic fermentation*.) Extracellular microbial enzymes slowly 
achieve this aerobically, although there is a paucity of precise 
biochemical information about these reactions for obvious 
reasons*?*4, The catechin tannins present an additional obstacle, 
because of their tanning properties. 

It is difficult, at present, to assess the relative importance of the 
aerobic and anaerobic methods of decomposition of aromatic 
compounds in the biosphere. Regarding the latter, the Athiorho- 
daceae require light and anaerobiosis for it to be possible; such 
habitats exist in oceans and lakest". Soils afford anaerobic 
conditions frequently generated by impeded drainage or flooding 
(natural or deliberate); soil aggregates (crumb structure) are 
anaerobic internally—where the appropriate bacteria ‘reduce 
NO3 and SOZ-. Whether SO3- can also act as a terminal electron 
acceptor for anaerobic catabolism of aromatic substrates has not 
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yet been convincingly demonstrated*° ; attempts in the authors’ 
laboratory using Desulphovibrio were unsuccessful. Microbial 
communities in habitats where methane formation occurs abound 
in nature; they can also be made to produce the gas from a variety 
of aromatic substrates in the laboratory. Dutton and Evans*? 
found that appreciable concentrations of fatty acids inhibited the 
photometabolism of benzoate—a temporary phenomenon, attri- 
buted at the time to competition for coenzyme A. In natural 
anaerobic environments, cellulose fermentation takes precedence 
over the degradation of aromatics. 

Many factors are concerned in the degradation of organic 
compounds, irrespective of whether they are of natural or 
synthetic origin. They are all exposed to physico-chemical forces 
and biological agents capable of causing chemical change in the 
biosphere**. Dilution processes and time eventually ensure that 
conditions are created for these factors to operate. Con- 
centrations of noxious chemicals may, however, accidentally 
reach levels in local areas which are extremely hazardous to life; 
these require exceptional decontamination measures and legis- 
lation. Although many useful pesticides are developed empiri- 
cally, their mode of action usually depends on a selective 
interference with some fundamental cellular process. Their struc- 
tures, apart from certain uncommon substituents (for example, 
halogen) also frequently bear some resemblance to key biochemi- 
cals concerned in metabolism. Some linkages may, therefore, be 
amenable to attack by constitutive group-specific microbial 
enzymes. It is a common observation that many of these foreign 
chemicals are degraded more rapidly by a mixed adapted com- 
munity of soil microorganisms than by any of the freshly isolated 
individual members of the group—for example many chlorinated 
hydrocarbon pesticides under suitable biologically-active anaer- 
obic conditions*?>°*!; Dalapon >? (2, 2-Dichloropropionate) 
and Asulam (M. Khan and W.C.E., unpublished) [Methyl-(4- 
aminobenzenesulphony!)carbamate] under aerobic conditions. 

A microbial community reacts to the presence of xenobiotic 
organic chemicals in subtle ways, depending on their structures 
and the environment; several biological devices are brought into 
play which ultimately cause their disappearance. Among the 
known stratagems used are: co-metabolism>*, enzyme in- 
duction**, transfer of metabolic plasmids>**°, mutation leading 
to the evolution of enzymes with new specificities and activi- 
ties°”°° and microbial interactions®® as yet imperfectly under- 
stood but operating in the methanogenic consortia which 
anaerobically degrade aromatic substrates. 
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Multichannel seismic reflection profiles of the 
continental crust beneath the Newfoundland Ridge 


A. C. Grant ` 


Geological Survey of Canada, Bedford Institute of Oceanography, Dartmouth, Nova Scotia, Canada 


Multichannel seismic reflection profiles extending south from 
the Grand Banks indicate that large ‘basement’ features 
underlying the Newfoundland Ridge are composed of sed- 
imentary strata. The Newfoundland Ridge, therefore, is 
interpreted as an area of subsided continental crust rather 
than a ridge of oceanic crust. The J magnetic anomaly 
intersects this complex, and the ph ysiographic ridge as- 
sociated with this anomaly may also be continental in origin. 


HYPOTHETICAL reconstructions of the North Atlantic before 
Mesozoic-Cainozoic seafloor spreading define the south-western 
edge of the Grand Banks structural block as a transform margin 
that developed when the African plate was displaced from that 
region!:?. The Newfoundland Ridge (Fig. 1) has been interpreted 
as the trace of a fracture zone in oceanic crust marking the 
continuation of this transform margin3+. The Newfoundland 
Ridge is a physiographic feature that extends about 900 km south- 
east from the southern tip of the Grand Banks, with a subsidiary 
projection, the ‘Spur’ ridge or ‘J-anomaly’ ridge, extending to the 
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Fig. 1 Bathymetric map of the Grand Banks region (contours in 
metres). Lettered lines show the locations of the profiles drawn in 
Fig. 2. The heavy parts of these lines and surrounding crosshatch 
denote areas where seismic reflectors are apparent beneath event U. 
The dotted line indicates the minimum extent of sedimentary strata 
beneath the Newfoundland Ridge inferred on the basis of physio- 
graphy. Question marks denote the possibility of founded sialic crust 
adjacent. Cross-hatched areas enclosed by dashed lines indicate the 
extent of sub-unconformity basins of the Grand Banks. The circle 
and cross indicate DSDP Site 384 (ref. 11) and sonobuoy station No. 
33 (ref. 10). 


south-west. Watson and Johnson? interpreted seismic profiles 
from the Newfoundland Ridge as showing buried basement 
blocks, which had been uplifted and distorted by faulting. From 
the magnetic anomalies associated with these blocks they inferred 
a volcanic origin. Ballard er a/.® have described topographic and 
structural features characteristically associated with the high 
amplitude (500—1,000 nT) J-magnetic anomaly. Hall’ and Keen 
et al.8 have suggested that the J-magnetic anomaly continues 
north-eastwards with slight offset, across the Newfoundland 
Ridge. These investigations generally imply an oceanic origin for 
the Newfoundland Ridge. This paper presents an interpretation 
of multichannel (24) common depth point reflection seismic data 
that supports an alternative, continental origin for this feature. 
These seismic data (Fig. 1) are part of a nonproprietary survey by 
Seiscan Delta Ltd that the Canadian Government has purchased 
for the purpose of regional control. Figure 2 shows reduced 
tracings of reflectors on the processed record sections. The 
vertical scale mangnification of the bottom profile in these 
diagrams is about 6 to 1. Magnetic data (also from Seiscan Delta) 
are plotted as anomaly profiles with several of the seismic 
sections. Figure 3 is a reproduction of a portion of a seismic 
record section on the Newfoundland Ridge. 


Interpretation of data 


The subsurface geology of the Grand Banks has been outlined 
through geophysical surveys and exploratory drilling for pet- 
roleum! 9, A principal element of Grand Banks geology is a late 
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early Cretaceous unconformity, which separates a blanket of 
Cretaceous and Tertiary sediments from older rocks in sub- 
unconformity basins and intervening areas of basement (Fig. 1). 
This unconformity is an excellent seismic boundary. On the 
profiles in Fig. 2 the seismic reflections from the unconformity— 
(event U) have been traced from the shelf to deep water. On 
individual seismic records it is usually difficult to follow this event 
through the zone of the shelf break, where the change in bottom 
slope and probable changes in sediment lithology combine to 
degrade record quality. Fortunately, however, the correlation of 
the U event from the shelf to deep water can be checked by 
crossreferencing the intersecting lines of survey coverage (Fig. 1). 

Section G and the southern ends of sections B to D (Fig. 2), 
located on the Newfoundland Ridge, show seismic reflectors to 
depths approaching 4 s (two-way time) below the U event, with 
no indication of any underlying basement. These sub-U reflectors 
are interpreted as denoting gently dipping sedimentary strata. 
Velocity analyses performed in the course of data processing 
indicate velocities in these strata as low as 3—4 kms“, which 
would yield a minimum thickness for these strata of 6-8 km. The 
apparent attitudes of the seismic reflectors at the crossing of lines 
C and D with line G indicate a north-westerly strike, approx- 
imately parallel to the physiographic trend of the Newfound- 
land Ridge. These strata form cuestas and hogsbacks at the U 
event interface; however, it is not clear from the seismic data 
whether the scarps associated with these features are entirely 
erosional or whether displacement by faulting has occurred. 
Dipping reflectors below the U event in the central part of line F, 
between crossings with lines B and C, are also interpreted as 
originating in sedimentary strata. 

Sub-U penetration of a different character occurs on the eastern 
end of line E, and along the northern three-quarters of line D (Fig. 


Fig. 2 Seismic and magnetic profiles from locations indicated in Fig. 

l. Vertical scale for the seismic profiles is in seconds of two-way 

travel time. The U event has been emphasised. Vertical bars on 
profile B indicate coverage of Fig. 3. 
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Fig. 3 Photograph of a portion of a seismic record section on the 
Newfoundland Ridge. 


2). These reflectors show variable attitudes, amplitudes and 
continuity. Beneath the south-western slope of the Grand Banks, 
large anomalies traced by the U event on lines A and E have been 
interpreted by Jackson et a/.!° as relief on oceanic basement. The 
seismic record sections show reflectors on the flanks of these 
features, but no apparent penetration beneath their central, 
highest parts. The character and disposition of these flanking 
reflectors give the impression of talus deposits: 

The reflection seismic data described above distinguish between 
acoustic basement highs beneath the south-western slope of the 
Grand Banks and blocks of sedimentary strata beneath the 
Newfoundland Ridge. Available magnetic coverage? shows a 
complex assemblage of large magnetic anomalies associated with 
both areas, and with the J-anomaly ridge as well, but does not 
seem adequate to refine the limits of these two types of sub-U 
structure indicated by seismic data. Possibly there is a north- 
westerly trend to the magnetic anomalies in the vicinity of the 
Newfoundland Ridge. 

Occasional penetration of seismic energy is seen beneath the U 
event on the Grand Banks (sections A, B, C and E, Fig. 2). The 
north end of section A shows more extensive penetration as- 
sociated with the South Whale sub-basin (Fig. 1). Excellent 
seismic records across the sub-unconformity basins on the Grand 
Banks have been presented by Amoco and Imperial’. 


Discussion 


Assuming that the U seismic event has been traced correctly from 
the Grand Banks to the limit of coverage in deep water, and that 
the chronological significance of this event remains appro- 
ximately constant, then the age of the sedimentary strata underly- 
ing the U event on the Newfoundland Ridge must be early 
Cretaceous or older. The U event unconformity is evidence that 
these strata were exposed to subaerial weathering: before the 
subsidence time. The results from DSDP site 384, on the J- 
anomaly ridge (Fig. 1), indicate that subsidence of at least 4 km 
has affected this area since the late early Cretaceous?!. The 
apparent thickness of the strata beneath the U event on the 
Newfoundland Ridge (up to 6-8km) is comparable to the 
thickness of section that occurs in the sub-unconformity basins on 
the Grand Banks, and the areal extent of these strata as defined by 
the seismic lines in Fig. 2 is at least equivalent to that of the smaller 
basins on the Grand Banks (Fig. 1). It is, therefore, postulated 
that the sedimentary strata underlying the U event on the 
Newfoundland Ridge may represent a basinal accumulation 
analogous to the sub-unconformity basins on the Grand Banks, 
which has subsided relative to the Grand Banks by displacement 
across a hinge line or zone of faulting beneath the present 
continental slope. If these strata extend to the physiographic limit 
of the Newfoundland Ridge (Fig. 1), this feature would represent 
a subsided, remnant basin roughly equivalent in area to'the total 
of the several remnant basins on the Grand Banks. 

The sub-unconformity basins on the Grand Banks are fault- 
bounded grabens and half-grabens containing Jurassic and older 
formations, with structural co.aplications related to salt dia- 
pirism®. The sparse data available indicate that the basement 
rocks underlying these formations are composed of a wide variety 
of lithologies and probably range in age from Palaeozoic to 
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Precambrian! °. These data are a meagre basis for speculation as 
to the nature of the basement rocks that underlie the sub-U 
sedimentary strata on the Newfoundland Ridge, except that they 
are probably sialic. But, an important implication of the inferred 
basinal setting of these strata is that the basement rocks adjacent 
to the basin subsided more deeply than the sediments, and that 
foundered sialic rocks thus extend some distance laterally from 
the Newfoundland Ridge. 

The multichannel seismic coverage (Fig. 1) is not sufficient to 
determine the extent of sialic crust laterally from the Newfound- 
land Ridge, but variations in the character of these seismic data in 
the area peripheral to the ridge may be relevant. Off the eastern 
margin of the Grand Banks the northern three-quarters of line D 
(Fig. 2) shows irregular and discontinuous reflectors beneath 
event U. The depth to the U event opposite sonobuoy Station No. 
33 (Fig. 1) of Jackson et al.1° corresponds closely to the depth to 
their inferred oceanic basement refractor of 5.82 km s™!. On the 
south-western side of the Grand Banks Jackson et al.'° recorded a 
mantle refraction at a depth of approximately 17 km, and 
described the irregular surface traced by the U event in that area 
(lines A and E, Fig. 2) as oceanic basement. The refraction seismic 
definition of oceanic basement in these two areas obviously is not 
sensitive to the contrasts in surface profile and seismic penetration 
shown by the multichannel reflection seismic records, and it is 
doubtful that both of these refraction measurements define true 
oceanic basement. Possibly the differences in the reflection seismic 
character of these two areas relate to variation in the composition 
of parent sialic crust, now subsided. 

The extent of subsided continental crust peripheral to the 
Newfoundland Ridge can be examined in a larger context. Pre- 
drift fits of the North Atlantic tend to place the western margin of 
the Iberian Peninsula opposite the south-western margin of the 
Grand Banks! 7. In some reconstructions, Galicia Bank, which 
lies offshore west of the northern part of the Iberian Peninsula, 
obstructs the tight juxtaposition of these two margins and leaves 
an untidy gap to the south. An area of continental crust about the 
Newfoundland Ridge would help to fill this gap. 

The large magnetic anomalies in the vicinity of the Newfound- 
land Ridge may relate to the presence of subsided continental 
crust as hypothesised above. Possibly these large anomalies 
express the susceptibility contrast between sedimentary rocks and 
volcanic rocks, assuming that the sediments and sialic basement 
rocks were invaded by mafic volcanics, probably at the time of 
subsidence. This interpretation may also apply to the physio- 
graphic and magnetic characteristics of the J-anomaly ridge, 
which coincides with a larger magnetic anomaly than expected in 
relation to its physiographic relief and reasonable magnetisation 
values for oceanic basement!!. The distinctive topographic as- 
pects of the J-anomaly ridge®, particularly the anomalously flat 
surfaces apparently disrupted by faults, would be normal features 
for a ridge composed primarily of sedimentary strata. This 
postulated origin for the J-anomaly ridge implies that it does not 
necessarily have an isochronal relationship to seafloor spreading. 
Hall’ and Keen et al.8 have discussed the problematic nature of 
the age of the J anomaly, which has been assigned ages ranging 
from 115 to 137 Myr BP. 


Conclusions 


Multichannel reflection seismic data from the Newfoundland 
Ridge allow penetration below the surface commonly regarded as 
oceanic basement, with important consequences for the geologi- 
cal interpretation of this region. These data indicate that the 
Newfoundland Ridge is composed of blocks of sedimentary 
strata, pre-late early Cretaceous in age, which may represent a 
sedimentary basin, now subsided, analogous to the sub- 
unconformity basins on the Grand Banks. 

A synthesis of available data from the region of the southern 
Grand Banks suggests that sialic crust adjacent to the Newfound- 
land Ridge has-subsided to oceanic depths, and that variations in 
its composition are shown by variation in reflection seismic 
character. These differences are beyond the resolution capability 
of the refraction seismic method. If it is accepted that the 
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subsidence of sialic crust was accompanied by igneous invasion, a 
new pattern of magnetic anomalies probably was generated, with 
their orientation determined by the mechanical processes of 
subsidence and the geological fabric of the parent crustal material. 
These anomalies would not be expected to have chronological 
significance in terms of processes of seafloor spreading. 
Additional survey control is required to map the limits of 
postulated subsided continental crust in the vicinity of the 
Newfoundland Ridge. Probably it will be necessary to apply 
common depth point reflection seismic techniques to effectively 
pursue this problem. Increased application of the common depth 
point reflection seismic method in the deep sea, particularly in the 
marginal zones of the ocean basins, will reveal further variations 
in the character of oceanic basement. The data described here 
indicate another probable sliver, chip or mini-plate that geomet- 
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ricians must accommodate in closing the North Atlantic to 
predrift configurations. 
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Attempts to produce a calibration curve for the radiocarbon 
timescale by analysis of known age materials have highlighted 
the inaccuracies of conventional radiocarbon dating methods. 
The resulting ambiguities have caused a loss of confidence in 
radiocarbon dating particularly among European pre- 
historians. We describe here an absolute radiometric dating 
technique involving the investigation of all probable sources of 
error. Accurate measurements were made with an overall 
precision of less than 25 yr standard deviation, on a floating 
North of Ireland tree-ring chronology. 





CORRECTION for natural atmospheric radiocarbon variation ts 
only one of the several corrections that have been necessary to 
relate the radiocarbon assay of organic materials toa calendar time 
scale. The assumption of the constancy of natural radiocarbon was 
first questioned by DeVries‘, and several teams set out to test the 
constancy by measuring the radiocarbon content of known age 
samples. Willis, Tauber and Munnich? and Suess? showed that 
there was a significant trend away from the theoretical re- 
lationship. The bristlecone pine chronology was used for further 
investigation of the problem**. Suess showed major short-term 
variations or ‘wiggles’ in the calibration and suggested that in 
certain periods radiocarbon measurements could not provide 
unambiguous dates. 

Further bristlecone pine samples were then distributed to three 
laboratories; La Jolla, Arizona and Pennsylvania and the results 
presented in 1969°. Suess’ presented his calibration as a curve 
drawn by eye through the measurement points, incorporating a 
number of pronounced wiggles. Part of this graph is reproduced in 
Fig. 1. Following publication several authors®—'’ questioned the 
validity of Suess’s line. 

During the next few years few new data were produced from the 
radiocarbon laboratories and discussions continued among 
radiocarbon users on the validity of the wiggles and on what 
methods should be used to apply corrections to radiocarbon age 
measurements!?:!3, At various times the bristlecone pine tree-ring 
chronology was questioned, but this was resolved by the re- 
plication of the greater part by LaMarche and Harlan'*. The 
possibility was also raised that in situ production of '*C in the high 
altitude bristlecone pines was leading to spurious results. This has 
been discounted both by experiment!’ and by theoretical calcu- 
lations based on the nitrogen content of the wood!®. Two more 
recent calibrations are given by Damon et al.'’ who present a 


calibration based on 549 samples using a curvilinear regression, 
and by Clark!3. The latter summarises previous calibrations and 
examines the evidence from duplicate measurements which in- 
dicate a greater spread in the results than can be accounted for by 
the stated precisions. Disagreements between radiocarbon dates 
for bristlecone pine wood and for same-age, historically dated, 
Egyptian material are apparent. These disagreements led 
McKerrell!® to suggest that systematic differences may exist and 
that the bristlecone calibration may not be appropriate in 
European contexts. 

Although it is 19 years since the DeVries report, there is still no 
satisfactory experimentally-derived calibration that can be used 
unambiguously to convert radiocarbon ages to calendar dates. 
The publication of numerous calibration curves based on identical 
material, has proved that laboratories can only agree on the 
general trend of the calibration. Because of these disagreements it 
has been left to statisticians to provide smoothed calibrations. One 
such attempt has been the fit by Damon!” of a third order 
orthogonal polynomial to experimentally derived data. Ata recent 
conference no internationally acceptable radiocarbon calibration 
could be arrived at. It was apparent that an attempt should be 
made to resolve these discrepancies on the assumption that the 
experimental method was at fault. 

By 1970 studies on oaks had established that long tree-ring 
chronologies could be constructed in the North of Ireland. To 
exploit this source of low altitude calibration material, a radiocar- 
bon dating system capable of taking advantage of large sample size 
was designed; the method chosen was the liquid scintillation 
counting of benzene synthesised from sample cellulose. In 1972 a 
research programme was started to investigate all factors likely to 
contribute to the inaccuracy of radiocarbon measurement. Details 
of the procedure for synthesising large volume benzene samples 
and methods of counting will be given elsewhere (G.W.P., in 
preparation). So that the results given here may be critically 
examined, the corrections derived from these investigations are 
given in Table 1. 


Methods 

The measurements were carried out on a 1,200-yr section of a 
2,990-yr floating tree-ring chronology derived from sub-fossil 
oaks which grew below 130 m altitude between latitude 54° and 
55°N and longitude 6° and 8°W (ref. 19). The chronology is based 
on some 300 trees and is replicated at all points. Because of bulk- 
field sampling and relatively large annual rings it was possible to 
produce 20-yr units of 180-200 g for radiocarbon measurement. 
This isin comparison with norma! bristlecone pine samples of 20 g. 
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Table 1 Experimentally derived corrections for significant error sources 


es E, 


Estimated 
Error source Correction derived Normalised error on 
investigated experimentally value correction 
Background increases j 
by 0.0127 c.p.m. per 
Barometric pressure mbar decrease in* 
variation pressure 1010 mbar +0.013 c.p.m. 
Background decreases 13.1325 g C,H, 
Background variations with by 0.0003 c.p.m. per mg 14.2666 g C,H, 
weight loss decrease in weight +scintillant +0.003 c.p.m. 
Changes by 0.041 c.p.m. External source 
Background variations with per cent change in channels ratio 
purity channels ratio of 1.95 +0.041 c.p.m. 
Efficiency increases 13.1325 g C,H, 
Efficiency variation with by 0.00104% per mg 14.2666 g C,H, +0.010% 
weight loss decreases in weight +scintillant of nett c.p.m. 
Differential loss of 
sample from mixture and 
correction to normalised 
weight including all 98.3% of loss from +0.076% 
weighing errors vial is sample benzene 13.1325 g C,H, of nett c.p.m. 
į% Deviation 
from normal purity 
0.0-1.0 (1.00005) 
Efficiency variation 1.0-2.0-(1.00015) External source +0,005% 
with purity 2.0-3.0 (1.00025) channel ratio of 1.95 of nett c.p.m. 
Isotopic enrichment —25% rel. P.D.B. +0.05% 
measured (actual (samples) of nett c.p.m. 
Mass spectrometry reproducability over — 19% rel. P.D.B. +0.05% 
correction 12 months) (oxalic reference) of nett c.p.m. ` 
Individual vial difference Using high 14C labelled 
for efficiency C Mean value +0.029% 
Individual vial difference 957 fimits of parent of nett c.p.m. 
for background distribution Mean value +0.058 c.p.m. 


The method used for calculation was that given by Callow et al.27. 


*High correlation of background with barometric pressure was found. Failure to correct could lead to a bias of up to 100 yr and make use of long-term 


mean background values impossible. 


tLarge inaccuracies, up to 40 mg, can be caused by the effect of humidity and temperature on plastic caps. 


Correction factor given in parentheses. 


Measurements were made on contiguous 20-yr increments 
taken from different trees in the floating chronology. Each 
increment was reduced to shavings and treated with a chlorite 
bleach?’ which left a sample free from tannins and li gninsand close 
to pure cellulose. This treatment has been shown!® to remove the 
greater part of any effect of heartwood deposition in oak since 
cellulose is not laid down at the heartwood/sapwood transition. 
Following cellulose preparation samples were charred at 450 °C to 
leave a carbon residue and converted to CO2 by combustion or 
bomb calorimetry. The gas was sub-sampled for mass spectromet- 
ric measurement of the stable carbon isotope ratio. 

The synthesis of benzene from: sample CO2 followed the 
conversion path CO2 > LiC > C2H2 > CeHe using the method 
of Barker**. This method was modified to allow the synthesis of up 
to 20 ml of sample benzene. Contamination of the water supply, 
and of the lithium metal used in the synthesis with 22?Rn was severe 
. and great care was needed to ensure its removal. Mass spectromet- 
ric analysis of the synthesised benzene showed that it wasat least as 
pure as scintillation grade benzene and was of consistent quality. 

The samples were measured on a Philips 4510 automatic liquid 
scintillation analyser with the three channels for individual isotope 
monitoring set for the measurement of 7H, !*C and ?22Rn. Two 
extra channels were used for the differential energy measurement 
of a 7 Ci +°°Ba external source, the ratio being used to check 
variation in pulse height (a limit of +4.5% of mean purity pulse 
height was applied). Balance point counting of !4C (a differential 
technique in which the pulse height spectrum within the selected 
channel is so balanced that small variations in pulse height 
contribute almost as many pulses to the channel as are lost) 
reduced the effect of pulse height variation giving long-term 
changes in efficiency of less than 0.03%. Continuous background 


measurement of a flame-sealed vial showed no significant de- 
viation from a normal distribution when corrected for barometric 
pressure variation (a major source of error, sée Table 1). Gain 
stability checks were maintained using flame-sealed vials contain- 
ing high specific activity °H and !*C-labelled toluene. Because of 
the relative increase in pulse height of toluene to benzene the !4C 
high standard was not measured in a balance point position and 
was therefore very sensitive to gain changes. The !“C channel was 
set so that balance point was achieved at a specific purity 
equivalent to an external source channels ratio of 1.95. Each 
sample was normalised to this purity (Table 1). 

The vials used were of standard low potassium glass selected for 
weight similarity from a batch of 500. The background for each 
vial was monitored for 2-yr and was checked after each sample or 
standard filling. The vials were undercoated with white paint 
above the 18 ml level to improve photon collection and to give a 
precise counting geometry and then coated with black paint to 
reduce optical feedback between one photomultiplier and the 
other. Each vial was filled to within +5 mg of the normalised 
weight for benzene and scintillant (Table 1). The scintillation 
mixture in 1 ml of toluene added to 15 ml of sample benzene 
(13.1325 g) gave a scintillant concentration of 10 g 17! butyl PBD 
and 0.6 g1~* PBBO. An ‘Agla’ pipette with hypodermic needle 
was used to inject the sample through a special filling cap which was 
then replaced with a sealing cap incorporating discs of rubber, 
PTFE and pure tin. All samples were calculated using the Libby 
half life and 95% of the oxalic acid reference standard count rate 
representing AD 1950. 

Each vial background was measured for successive 100-min 
intervals giving an accumulated count of approximately 100,000 
for each vial. Each 100-min count was corrected for barometric 
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pressure variation and plotted to givea quality control distribution 
for that vial. Mean values of the vial distributions were compared 
in a single ‘parent’ distribution having a standard deviation equal 
to +0.3%. The points fell into an apparent normal distribution 
indicating that all the vials belonged to the same distribution thus 
allowing a single grand mean background value to be used. The 
values of the background and its precision including all errors and 
corrections were: 9.289 + 0.078 c.p.m. 

Standards, samples and backgrounds were counted in sequence. 
Two oxalic reference standards were measured at any one time 
providing continuity and overlap during their regular replace- 
ment. Each measurement was corrected and plotted on a quality 
control chart, and a mean value determined for each individual 
oxalic distribution. As a check for unique vial efficiencies, high 
specific activity samples were used. On an observed count of not 
less than 1.6 x 10’ c.p.m. foreach vial, no significant difference was 
obtained. The mean oxalic distributions were then compared and 
were found to lie within +2 standard deviations of a grand mean 
value, once more signifying that they probably belonged to a single 
distribution. The mean value of this distribution for the nett 
reference standard count rate used in the date calculation was: 
122.854 +0.163 c.p.m. 

After synthesis each sample was left to stand at — 10 °C for at 
least | month before being prepared for counting, to allow a 100- 
fold decrease in any remaining *?*Rn contamination. At least 
300,000 sample counts were accumulated over a minimum count- 
ing period of a fortnight. As in the case of standards and 
backgrounds, the barometric pressure and pulse-height variation 
were measured during each cycle and used for the correction of 
each result. Correction for weight changes was made after vial 
removal; any changes in cap weight being assessed and corrected 
for. All measurements were normalised to the value quoted in 
Table 1. The calculated dates were finally corrected for isotopic 
fractionation. 

The 25-yr standard deviation quoted on all dates is a blanket 
precision covering all errors found to be significant in the 
experimental method. It includes not only the counting statistics 
and mass spectrometric correction normally quoted (equivalent in 
this case to less than +17 yr), but also the estimated errors due to 
all the corrections listed in Table 1. Some of the sources of error, if 
not corrected for, could cause a bias of up to 100 yr. 


Results and discussion 


The results of the '*C measurements are given in Table 2, in yr 
before AD 1950. Some results for the contiguous series of samples 
are not yet available due to random selection of samples for 
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Table 2 Radiocarbon dates b.p. for 20-yr increments of tree-ring dated 
Irish oak wood 





Tree-ring '*Cdate Tree-ring !4Cdate Tree-ring ‘'*C date 
age (yr) (b.p.) age (yr) (b.p.) age (yr) (b.p.) 
0 3,604 400 3,969 800 » 4,240 
20 3,600 420 4,007; 4,028 820 4,304 
40 3,622 440 — 840 — 
60 3,731;3,722 460 3,981 860 4,376 
80 3,669 480 4,017 880 4,399 
100 3,728 500 4,059 900 4,390 
120 3,714 520 4,081 920 4,347 
140 3,737 540 4,107 940 4,387 
160 — 560 4,072 960 4,466 
180 3,792 580 4,161 980 4,438 
200 3,801 600 4,125 1000 
220 3,832 620 4,205 1020 — 
240 3,856 640 4,115 1040 — 
260 3,859 660 4,133 1060 4,499 
280 3,875 680 4,146 1080 — 
300 3,878 700 4,225 1100 4,517 
320 3,906 720 4,179 1120 4,541 
340 3,861;3,884 740 — 1140 4,495 
360 3,883 760 — 
380 3,977 780 4,203 





Tree-ring time scale is floating. 0 on this scale = 5,810 on the computer 
scale given in Pilcher et al. '9, 14C dates are calculated on the 5,568 yr half 
life. 1 ø precision on all dates is +25 yr. 
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3,600 3,800 4,000 4,200 4,400 4,600 
Radiocarbon yr b.p. 
Fig. 1 Relationship between radiocarbon and tree-ring years. a, 


Relationship established using low-altitude oak from the North of 

Ireland; two standard deviation limits dashed, regression line drawn 

with curvilinear 95% confidence limits. b, Curve published by Suess? 

_ based on bristlecone pine wood. c, Historically derived calibration 
based on Egyptian material published by McKerrell'®. 


measurement, but no results have been deleted or ignored. The 
measurements are plotted on Fig. 1 together with the regression 
line through them. The regression line has a slope of 1.215, and a 
regression coefficient of 0.99. The F value for the regression is 
greater than 3,000 indicating a good straight line fit to the 
distribution. Also shown on Fig. | are sections of some previous 
calibration curves. Each is drawn on the same radiocarbon axis 
and on its own independent tree-ring axis. This is necessary 
because our tree-ring sequence is not yet tied to the present day. 

The investigations carried out in preparation for these cali- 
bration measurements showed significant error sources;in con- 
ventional '*C measurement techniques (G.W.P., unpublished). 
The results given here show that these error sources can be 
overcome and that the overall one standard deviation measure- 
ment precision can be reduced to less than 25 yr. The closeness of fit 
to a straight line indicates that there are no remaining significant 
random error sources not covered by the measurement precision. 
By increasing the sample counting time the precision could be 
reduced to the same level as other error sources giving an overall 
one standard deviation limit of +12 yr in 10,000, and similarly 
with a long count the limit of detection would be greater than 
60,000 yr. If, as these results suggest, each radiocarbon age 
represents a unique calendrical age at least over a large part of the 
14C time scale, then a very close approximation can be made to an 
absolute time scale. 

The straight-line slope through our results lies within 1% of that 
derived by Damon et al.” and is close to the lines deduced by 
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Wendland and Donley? and by Clark!? on the basis of the 
bristlecone pine results. The line based on Irish material does not 
show, within measurement limits, any of the wiggles predicted by 
Suess’ for this period or retained by McKerrell!® in his 50-yr 
averaging of the bristlecone pine data. This rules out, over the 
period investigated, the use of wiggle matching? as a dating 
technique. Suess (personal communication) has criticised our use 
of 20-yr blocks of tree-rings as he maintains that this will cause 
some smoothing of the wiggles. By using contiguous 20-yr blocks, 
however, no information is lost and the only way that short-term 
variations could producea straight line calibration would be if they 
occurred as an exact harmonic ofa 20-yr cycle over the whole 1,200 
yr. This is inherently unlikely. Also, most radiocarbon samples 
represent greater than this time-span: Archaeological samples, 
which are very often of oak in European contexts, are normally 
charred branches or small timbers of at least 20 yr. Peat and 
sediment samples used for palaeoecological studies are normally 
of greater than 20-yr growth. The effect of smoothing due to 
deposition of recent carbon at the heartwood/sapwood transition 
has been circumvented by the use of wood cellulose as the dating 
material’®. The only remaining non-random error which could 
explain the difference between the bristlecone pine and oak 
calibrations is the possibility’® that persistent inversion layers 
along the Pacific coast of the USA may have caused deviations 
from the global average radiocarbon level. It is not clear whether 
this phenomenon could account for the short-term variations 
observed by Suess. Similarly, within the curvilinear limits of the 
regression there is no clear indication of the flat spots in the 
calibration predicted by Ottaway and Ottaway??. 

Until the tree-ring sequences are tied to the present it will not 
be possible to assign calendar years to the tree-ring axis of our 
calibration curve. Without this it is not possible to answer 
questions of world uniformity of the atmospheric carbon re- 
servoir?*. If world-wide uniformity is assumed then the den- 
drochronological age of our calibration has been shown to be 
within 10 yr of the range 4,100-5,240 yr b.p. (J. C. Lerman, 
personal communication). 

Even without absolute time control there are several important 
conclusions that can be drawn from these results. It is clear that for 
the radiocarbon age span 3,600-4,550 yr b.p. the calibration is 
smooth within the statistical uncertainty of +3%, and is not 
significantly different from a straight line. As both the smoothness 
and the slope of the line areclose to those statistically deduced from 
the bristlecone pine measurements it is reasonable to suggest that 
any calibration exhibiting marked deviations from this picture will 
ultimately be found in error. On the basis of these results it seems 
likely that the greater part of the calibration will tend to be smooth 
rather than ‘wiggly’. This does not rule out, of course, the 
possibility of some short-term atmospheric radiocarbon variation 
such as that well documented for the seventeenth century AD. We 
cannot yet finally answer the question of whether there is a 
systematic difference between the bristlecone pine and Egyptian 
chronologies. The implication of the close agreement between the 
slopes of two tree-ring derived calibrations is that the deviant slope 
of the Egyptian calibration championed by McKerrell!8 is likely to 
be erroneous, indicating possible inaccuracies in the Egyptian 
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calendar or in 14C measureménts for the period before 1800 BC. 
Even within the short time span so far examined there are direct 
implications. For example, the floating calibration covers the 
disappearance of pine from Irish pollen diagrams for which a close 
bunching of radiocarbon dates has been observed25, This bunch- 
ing can no longer be attributed to a ‘calibration wiggle’ and must, 


therefore, represent a synchronous event. Whether this same . 


argument can be applied to problems outside the time range 
studied cannot yet be determined. If, however, most of the short- 
term variations disappear when a full calibration is completed, 
then it will ultimately reduce the uncertainty in the derivation of a 
true age estimate from a radiocarbon date. In fact, if it is assumed 
that a full calibration of the accuracy presented here is possible and 
if individual samples were measured with the ultimate precision of 
+12 yr, then it should be possible to produce a calibrated 
radiocarbon date whose 95% confidence limits fall within a 


bandwidth of 80 yr. This would restore radiocarbon dating to the: 


position of the absolute dating method as was foreseen at its 
inception. 

But the reality of the errors associated with radiocarbon dating 
must now be faced. Damon?® and Clark!? pointed out that the 
errors based on analysis of replicated bristlecone pine samples are 
greater than those covered by the quoted precision. Having 
demonstrated the linearity of the calibration it seems possible that 
the variation in the dates associated with the bristlecone pine 
samples was due to uncontrolled errors. Since the previous 
measurements involving calibration samples can be assumed to be 
among the most careful, even these errors may well be an 
underestimate of those associated with routine radiocarbon 
measurements. 
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Purification of a positive regulatory subunit 
from phage SP01-modified RNA polymerase 


John J. Duffy & E. Peter Geiduschek 


Department of Biology, University of California, San Diego, La Jolla, California 92093 


A phage-induced subunit has been purified from phage SP01- 
modified Bacillus subtilis RNA polymerase. This subunit 
binds in vitro to RNA polymerase core from uninfected B. 
subtilis thereby inducing template-selective transcription and 
asymmetric synthesis of SPO1 middle RNA. 





THE interaction of virus-coded proteins with the host’s RNA 
polymerase is an important mechanism for the control of gene 
expression during bacteriophage development!?. Purified RNA 
polymerase from Bacillus subtilis infected with phage SP01 or SP82 
contains tightly associated, virus-coded proteins*~°. A significant 
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property of one particular modified RNA polymerase from phage 
SP01-infected bacteria is that it asymmetrically transcribes 
hydroxymethyluracil (hmU)-containing SP01 DNA to yield the 
positively regulated ‘middle’ SP01 RNA in vitro. In contrast, the 
unmodified host RNA polymerase transcribes essentially only 

SP01 ‘early’ genes*-’. The modified RNA polymerase which we 
previously designated as B-P is composed of the subunits of 
polymerase core together with two virus-coded subunits, v?? and 
vi? (ref. 3). (The quantity of v’* varies from preparation to 
preparation.) At least one of the two virus-coded subunits is 
responsible for the selective, rapid initiation of SP0O1 middle 
transcription and functions at the level of DNA binding®. We have 
previously reported? the identification of a protein froma partially 
purified extract of SP01l-infected bacteria which binds to host 
RNA polymerase core and converts it to the modified form. This 
protein has the physical properties of v?®. The isoelectric point 
(unpublished observations) and molecular weight of v?° identify it 
as identical with the peptide IV of Pero et al.*, which has been 
shown!® to be the product of SPO1 gene 28. The product of SP01 
gene 28 controls ‘middle’ viral gene expression*’. Thus, 
v?8 = peptide IV = gene product 28 (gp28). We report here the 
purification of gp28 from RNA polymerase and show that gp28 
directs the transcription of SP01 ‘middle’ genes by B. subtilis RNA 
polymerase core enzyme. 


Purification of regulatory subunit 


The RNA polymerase which we used as a source of gp28 was 
purified from B. subtilis which had been infected for 10 min with 
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phage SP01 sus F4 (gene 33)-sus F14 (gene 34). Genes 33 and 34 
code for proteins that regulate late transcription and bind to host 
RNA polymerase™!!-!13, The phage-modified RNA polymerase 
from sus F4-sus F14-infected bacteria is free of gp33 and gp34. It is 
composed of the RNA polymerase core subunits (8, f’, «, w', œ?) 
and of the virus-coded subunit gp28 (data not shown). 

When RNA polymerase is dissociated with 6M urea and 
chromatographed on phosphocellulose in the presence of 6 M 
urea, the subunits of the polymerase are separated. Figure la 
shows a gel electropherogram of the fractions obtained. The «, œ' 
and œw? subunits (fractions 4-8) do not bind to the phosphocel- 
lulose. Elution of gp28 is reproducibly sufficiently delayed to 
separate it from the «, œw! and œw? subunits (fractions 10-19). The p’ 
and f subunits bind to phosphocellulose and are eluted at higher 
salt,concentration in 6M urea (0.12 M and 0.27M KC], re- 
spectively). The pattern of subunit fractionation is similar to that 
previously described!*. But, the RNA polymerase from sus F4-sus 
F14-infected B. subtilis lacks subunit v1? which would otherwise 
elute with gp28 and, as a result of this, gp28 is eluted in 
electrophoretically pure form. The fractionation of the £, $’, a, a’ 
and œ? subunits is also similar to that reported by Tjian and 


' Perot’. Comparison of Fig. la and b shows a direct correlation 


between the activity which stimulates RNA polymerase core and 
the presence of gp28. The stimulating activity is manifested only in 
the presence of hmU-containing SP01 DNA and not with thymine- 
containing 629 DNA. This template selectivity is also a property of 


‘the phage-modified RNA polymerase B-P*'®. The activity of gp28 


can be assayed without prior removal of urea. Either gp28 is not 
denatured in the conditions of the phosphocellulose chromato- 


Fig. 1 Phosphocellulose chromatography of urea-treated RNA 
polymerase from B. subtilis infected for 10 min with sus F4-sus F14 
SP01 phage. RNA polymerase (1.2 mg, purified according to ref. 3) 
was dialysed against buffer G (0.01 M Tris-HCl, pH 8, 0.1 mM 
EDTA, 0.01 M dithiothreitol) containing 0.05 M KCl and 6 M urea 
(freshly deionised) and was subsequently applied to a column of 
' phosphocellulose (1.4 cm x 0.7 cm i.d., column volume 2 ml, rate of 
, application 2 ml per h) pre-washed with 200 ml of the same buffer. 
The polymerase was allowed to equilibrate with the phosphocellulose 
for 30 min. The column was then washed with the same buffer at a rate 
of 2 ml per h, and 1 ml fractions were collected into tubes containing 
0.25 ml of 50% (v/v) glycerol in buffer G plus 0.05 M KCI. a, 
Polyacrylamide slab gel electrophoresis. 100 yl aliquots of selected 
fractions from the phosphocellulose column were concentrated by 
precipitation on ice in 10% (w/v) trichloroacetic acid. The precipitates 
were collected by centrifugation, washed with cold 1M HCl and 
again collected by centrifugation. The samples were dried under 
vacuum and dissolved in the electrophoresis sample buffer which 
contained 3% (w/v) sodium dodecylsulphate to aid in solubilising the 
samples. The samples were electrophoresed in denaturing conditions 
(0.1% SDS) in a polyacrylamide slab gradient gel (7-15% (w/v) 
acrylamide) run according to Laemmli'’. Marker samples were 
treated in an identical manner. The gels were fixed and stained in 0.2% 
Coomassie brilliant blue in methanol—acetic acid—water (4.5:1:4.5) 
and destained in methanol~acetic acid—water (10:7.5:82.5). The 
following samples are shown: B, 3 ug of RNA polymerase from B. 
subtilis infected for 10 min with sus F4-F14 SPO] phage; numbered 
fractions from the phosphocellulose column: H, 3 yg of RNA 
polymerase from uninfected B. subtilis. b, Assay of fractions for their 
ability to stimulate the activity of RNA polymerase core from 
uninfected B. subtilis. 10 plaliquots of fractions from the phosphocel- 
lulose column were added on ice to 0.4 pg of RNA polymerase core in 
25 ul of TGB (0.01 M Tris-HCl pH 8, 0.1 mM EDTA, 15% (v/v) 
glycerol, 400 ug ml”! bovine serum albumin). Then 4 ug of DNA was 
added in 20 ul of 0.01 M Tris-HCI pH 7.5 and 0.001 M EDTA. Each 
sample was then made up to 90 ul by addition of reaction components 
to give the following concentration: 0.11 M Tris-HCl pH 8, 0.11 mM 
each of EDTA and dithiothreitol, 0.88 mM spermidine chloride, 
1.1 mM each of ATP, GTP, CTP, and 0.13 mM *H-UTP (10.3 c.p.m. 
pmol” '). After incubation for 10 min at 30 °C, 10 yl of 0.1 M MgCl. 
was added to start the reaction (the final urea concentration was 
0.48 M). After 5 min the reaction was stopped and incorporation of 
3H-UTP into acid insoluble material was measured as described 
elsewhere*. 7H-UTP incorporation was measured using either SP01 
DNA (@) or ¢29 DNA (O) as template. In the presence of RNA 
polymerase core and with the column fractions replaced by 10 yl of 
the equivalent buffer, incorporation was 280 c.p.m. with SPO] DNA 
and less than 20 c.p.m. with the preparation of $629 DNA used here. 
Using the same conditions, 0.4 ug B. subtilis holoenzyme gave 1,942 
c.p.m. incorporation in the presence of SPO! DNA and 982 c.p.m. in 
the presence of #29 DNA. (Preparations of #29 DNA used by us 
previously gave appreciably more template activity with B. subtilis 
RNA polymerase core?.) 
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graphy, or, more probably, it renatures rapidly in the presence of 
polymerase core at the lower urea concentration (0.48 M) of the 
assay. 

Fractions containing gp28 were combined and their glycerol 
content was increased to 25% (v/v). The gp28 was concentrated 
and the urea was removed by passing the combined fractions overa 
DEAE-cellulose column (J.8cmx0.4cm i.d., 1ml column 
volume) and subsequently washing the column with urea-free 
buffer (buffer G with 0.04 M NH4Cland 25% (v/v) glycerol added). 
A gradient of 0.04-1.0 M NH,Cl in the same buffer was applied to 
the column and gp28 was eluted at 0.2 M NH,4Cl. 


Properties of regulatory subunit 


The activity and template selectivity of RNA polymerase recon- 
stituted from purified gp28 and B. subtilis core enzyme and of the 
phage-modified RNA polymerase from sus F4-sus F14 phage- 
infected bacteria are compared in Table 1. The quantity of gp28 
added to the RNA polymerase is saturating with respect to 
polymerising activity on SP01 DNA. The template selectivity of 
the gp28 is shown by the more than fourfold stimulation of RNA 
polymerase core in the presence of hmU-containing SP01 DNA 
(line 1) and by the lack of activity of thymine-containing 629 DNA 
(line 2). The same selectivity is observed with the RNA polymerase 
from sus F4-sus F14-infected bacteria (lines 3 and 4) and with gp28- 
containing RNA polymerase from B. subtilis infected for 10 min 
with wild type SP01 (refs 3, 8). The phage-modified polymerase 
from sus F4-sus F14-infected bacteria seems to be purified with 
near-saturating amounts of gp28 since it can be stimulated orily 
1.2-fold by the addition of purified gp28 (line 3). But, the maximum 
activity of the phage-modified RNA polymerase in the presence of 
saturating amounts of gp28 remains significantly less than that 
obtained with the combination of B. subtilis RNA polymerase core 
and gp28 (compare lines | and 3). It is possible that this difference is 
entirely due to effects introduced during the purification of these 
enzymes (for example, our preparations of enzyme from phage- 
infected cells may consistently contain a significant fraction of 
inactive material). But, the difference of enzyme activity may also 
reflect a modification of polymerase core after phage infection 
which affects its interaction with gp28. Such modifications are 
known to occur after infection with other phages (see ref. 2 for 
review) but have not yet been detected after phage SPO! infection. 

When gp28 is combined with host RNA polymerase core, the 
reconstructed RNA polymerase has the ability to transcribe 
‘middle’ SP01 genes asymmetrically in vitro as shown in Figs 2 and 
3. 7H-RNA was synthesised for 10 min in vitro with excess native 
SP01 DNA in the presence of 0.04 M NH,Cland 0.16 M KCI and 
was analysed by hybridisation-competition with unlabelled RNA 
extracted from phage SP01-infected B. subtilis. The rationale of 
this analysis was described previously'*. Figure 2a compares the 
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Table 1 Activity and template selectivity of RNA polymerase recon- 
stituted from purified gp28 and B. subtilis RNA polymerase core 





c.p.m. 
RNA polymerase DNA (—)gp28 (+)gp28 
| B. subtilis core SPO! gll 3,458 
2 B. subtilis core p29 58 ` 99 
3 sus F4-sus F14 SP01 1,976 2,371 
4 sus F4-sus F14 h29 93 





The following components were first combined in sequence on ice: 5 pl of 
gp28 in buffer of G with 25% (v/v) glycerol and 0.2 M NH4Cl or Syl of 
buffer alone, 0.1 ug RNA polymerase in 25 ul of TGB, 1 pgof DNAin 10 pl 
0.01 M Tris-HCl, pH 7.5, 0.001 M EDTA, 50 yl of reaction components to 
give 90 yl containing 0.11 M Tris-HCl, pH 8, 0.11 mM each of EDTA and 
dithiothreitol, 0.88 mM spermidine chloride, 1.1 mM each of ATP, GTP, 
CTP, and0.13 mM °H-UTP(100c.p.m. pmol” +). Aftera 5 minincubation 
at 30 °C, the reaction was started by adding 10 pl of 0.1 MM gCl2. Aftera 
further 5 min the reaction was stopped and incorporation of 7H-UTP into 
acid insoluble material was measured as described previously*. In- 
corporation for 0.1 ug RNA polymerase holoenzyme from uninfected B. 
subtilis was 4,501 c.p.m. in the presence of SP01 DNA and 3,887 c.p.m. in 
the presence of @29 DNA. Incorporation in the absence of RNA 
polymerase core and in the presence of gp28 was 24 c.p.m. 
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competition patterns of 7H-RNA made in vitro by B. subtilis 
polymerase core with added purified gp28 and of 37H-RNA made 
by the phage-modified RNA polymerase isolated with bound 
gp28. The similarity of these two in vitro synthesised RNA samples 
is obvious. Both are composed mainly of middle RNA transcripts 
as judged by the following criteria: (1) poor competition by in vivo 
early RNA; (2) maximum competition when in vivo middle RNA is 
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Fig.2 Hybridisation-competition analysis of SPO] °H-RNA syn- 
thesised in vitro with B. subtilis RNA polymerase core in absence or 
presence of gp28. °H-RNA was prepared by first combining the 
following components in sequence on ice in 240 pl: 50 pl of gp28 in 
buffer G containing 0.2 M NH,Cl and 25% (v/v) glycerol or 50 ul of 
the same solution without gp28, | ug of B. subtilis RNA polymerase 
core, 10 Hg of SPO1 DNA, I mM each of ATP, GTP and CTP, 
0.12 mM “H-UTP (560 c.p.m. pmol~'), 0.1 M Tris-HCl, pH 8, 
0.1mM each of EDTA and dithiothreitol, 0.8 mM spermidine, 
0.16 M KCI. The sample was incubated for 5 min at 30 °C, and then 
was made 0.01 M MgCl: by addition of 10 ul of 0.25 M MgClo. After 
10 min, 25 yl of 0.2 M EDTA and 0.2% SDS was added to stop the 
reaction. Synthesis of 7H-RNA by RNA polymerase from B. subtilis 
infected for 10 min with sus F4-sus F14 double mutant of SP01 phage 
was essentially the same except for the following changes: the final 
volume was 200 ul containing 7.2 ug SPO! DNA, 0.2 M KCl, and 
0.1 mM °H-UTP (750 c.p.m. pmol~!). The 3H-RNA was extracted 
with phenol and prepared for analysis as described elsewhere!©. The 
conditions of RNA synthesis used here differ from those which we 
used previously? and resemble those of Losick and Pero!®. We have 
previously assayed asymmetry of transcription at lower ionic 
strength, while limiting RNA synthesis to promoter-proximal seg- 
ments of RNA*®. Losick and Perot? showed in vitro asymmetrical 
transcription by modified polymerases at higher ionic strength during 
relatively long periods of synthesis. We compared both procedures 
with the phage-modified RNA polymerase B-P and found similar 
degrees ofasymmetry as measured by RNA-RNA duplex formation. 
We used the conditions specified here because they yield more RNA 
for a given quantity of gp28. Hybridisation of the 9>H-RNA 
(0.02 ug ml~*) to SP01 DNA (10 ug mi~!) was competed against by 
unlabelled RNA from SPO1 infected B. subtilis. The aim of the 
competition experiments is to distinguish early, middle and late viral 
RNA together with their symmetrical antimessenger counterparts. 
Each of these three classes of messages is composed of subclasses (see 
ref. 16). Early (e and em) RNA is synthesised when infection is in the 
presence of chloramphenicol (CAM). We collected this RNA 12 min 
after infection at 37 °C. RNA synthesised after infection with SP01 
sus F14 (gene 33) phage and collected 12 min after infection contains 
middle RNA species (em, m and mñ). Late RNA (ml and /) is 
collected 28 min after infection with wild type phage. (The mixed 
competitor seyxence used here allows us to neglect questions of 
transcriptional shut-off in vivo.) A, A, Early RNA; O, @, middle 
RNA; CJ, W, mixed competition of 0.72 mg ml~! early RNA with 
increasing concentrations of middle RNA; 6, @, mixed competition 
of 0.72 mg ml” ' early RNA, 0.61 mg ml~ * middle RNA and increas- 
ing concentrations of late RNA. a, 7H-RNA synthesised with RNA 
polymerase core from uninfected B. subtilis with added gp28 (solid 
line, closed symbols) and *H-RNA synthesised with phage-modified 
RNA polymerase from sus F4-sus F14 SPO1 infected B. subtilis 
(subunit composition $, $’, «, gp28, w'!, w*; dashed line, open 
symbols). The input of 7H-RNA made with the reconstituted RNA 
polymerase was 927 c.p.m., and hybridisation in the absence of 
competing RNA was 972 c.p.m. The radioactivity bound to the filter 
in the absence of DNA was 14 c.p.m. The input of 7H-RNA made 
with the phage-modified RNA polymerase was 881 c.p.m., and 
hybridisation in the absence of competing RNA was 579 c.p.m. The 
radioactivity bound to the filter in the absence of DNA was 30c.p.m. 
b, *H-RNA synthesised with RNA polymerase core from uninfected 
B. subtilis. Input radioactivity was 555 c.p.m. per assay and 
hybridisation in the absence of competing RNA was 494 c.p.m. The 
radioactivity bound to the filter in the absence of DNA was 14c.p.m. 
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added to early RNA; and (3) poor competition by added in vivo 
late RNA. The hybridisation-competition pattern of RNA synthe- 
sised in vitro with B. subtilis RNA polymerase core alone (Fig. 25) is 
distinctly different in that all the in vivo RNA’s compete to some 
extent, but poorly. The qualitative effect that gp28 has on the 
composition of 3H-RNA made in vitro is most strikingly evident 
when the asymmetry of the in vitro-synthesised RNA is assayed in 
terms of the ability to form RNase-resistant RNA-RNA duplexes 
with early, middle and late in vivo RNA. Figure 3 shows that the 
3H-RNA made by RNA polymerase core alone is symmetrical (see 
further comments below). In contrast, the >H-RNA made with 
RNA polymerase core in the presence of added gp28 is relatively 
asymmetrical. More specifically, the mixed competitor assays for 
hybridisation-competition and the mixed RNA assays for 
RNA-RNA duplex formation (Figs 2 and 3) provide the following 


conclusions: that while the minor component of transcription ' 


from early genes is relatively symmetrical, the major component of 
middle RNA is almost perfectly asymmetrical. The pattern of 
RNA-RNA duplex formation by the RNA made with RNA 
polymerase from sus F4-sus F14 SPO1 phage infected B. subtilis is 
identical to that for RNA made with RNA polymerase core and 
gp28. — 

Some comment on the symmetry of the SP01 RNA synthesised 
with B. subtilis core enzyme is appropriate. The data shown here 
imply that a slight excess of anti-messenger is synthesised (57% 
duplex at the highest concentration of all RNAs used, after 
subtracting background). This is approximately the value pre- 
viously obtained in somewhat different conditions of transcrip- 
tion?. Approximately equal hybridisation of in vitro RNA to 
complementary DNA strands is often interpreted as indicating 
random transcription of helical SP01 DNA by core enzyme. While 
asymmetry of RNA synthesis is an excellent indication of selec- 
tivity of transcription, the reverse inference is not valid. There is as 
yet no clear evidence that initiation by any prokaryotic RNA 
polymerase core enzyme on any continuous natural DNA temp- 
late is random (that is, able to use any pyrimidine nucleotide in 
DNA to signal initiation). Our finding of a slight excess of 
antimessenger synthesised by RNA polymerase core is consistent 
with at least partially selective transcription. This selectivity 
clearly generates a collection of transcripts that are very different 
from in vivo RNA and from the transcripts generated by the fidelity 
of the complete transcriptases. The observed selectivity of 
transcription by B. subtilis RNA polymerase core could arise at the 
level of initiation or at termination. 


Diseussion 


Thus, gp28, through its binding to RNA polymerase, is re- 
sponsible for directing the asymmetrical synthesis of middle SP01 
RNA in vitro. We surmise that gp28 confers on RNA polymerase 
core the template-specific ability to form rapid initiation com- 
plexes with SP01 DNA which we previously demonstrated to bea 
property of the phage-modified RNA polymerase®. How do these 
properties of RNA polymerase relate to the regulation of phage 
SPO1 transcription? Fujita et al.’ presented a model for the 
regulation of SPO] transcription based on an analysis of RNA 
synthesis during phage development’® and on the properties of 
SP01 mutations which affect viral transcription. The model, in its 
simplest form, involved a positive effector for the initiation of 
middle SP01 transcription, a positive effector composed of two 
proteins, for late SPO01 RNA synthesis and a single negative 
element for the repression of a class of middle SP01 RNA. The 
products of two genes (33 and 34) which regulate the appearance of 
lateclasses of SP01 RNA have been shown to be RNA polymerase- 
binding proteins'?. When added to B. subtilis RNA polymerase 
core, these two subunits act synergistically to promote late SP01 
RNA synthesis in vitro’. These results combined with our 
observations and those of Fox ef al.!?, identify the three RNA- 
polymerase binding proteins as two of the positive effectors 
proposed by Fujita et al.'?. 

Although virus-coded proteins which bind to host RNA 
polymerase have been described!?, only those regulating SP01 
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Fig.3 RNA-RNA duplexes between in vivo RNA and *H-RNA 
synthesised in vitro with B. subtilis RNA polymerase core in the 
absence or presence of gp28 and *H-RNA synthesised with phage- 
modified RNA polymerase from sus F4-sus F14 SPO1 infected B. 
subtilis. The 3H-RNA analysed by hybridisation-competition in Fig. 
2a and b was assayed for the formation of RNA—-RNA duplexes with 
in vivo RNA from SPO] infected bacteria as described elsewhere®"*?. 
Each sample contained approximately 0.02 ug ml~* °H-RNA. For 
3H-RNA synthesised by modified RNA polymerase from B. subtilis 
infected with SP01 sus F4-sus F14 (cross-hatched symbols; dashed 
line) and by polymerase core in the absence (filled symbols) or the 
presence of gp28 (open symbols) input radioactivity was 881 c.p.m., 
555¢c.p.m. and 927c.p.m., respectively. The “H-RNA was annealed to 
increasing concentrations of early RNA (A, cross-hatched triangle, 
A), 0.90 mg m1! early RNA and increasing concentration of middle 
RNA (O, cross-hatched square, W), and 0.90 mg ml~’ early RNA, 
0.80 mg ml~! middle RNA with increasing concentrations of late 
RNA (Q, cross-hatched diamond, $). 


development have up till now been amenable to in vitro analysis of - 
selective transcription. The availability of these SP01-coded 
subunits should allow a closer study of the means by which they 
exert their regulatory influence. It may now be possible to study, in 
vitro, the dynamic interaction of these effectors with bacterial ø 
factor and with RNA polymerase core and, in that way, to 


.. understand whether these interactions alone can generate the 


major transitions of transcription that characterise gene ex- 
pression during phage SP01 development. Models generated by 
such an investigation may relate to other developmental processes, 
at least in prokaryotes. 

This research was supported by grants from the USNSF and 
the National Institute of General Medical Sciences. We thank 
L. LaVerne and S. Siegler for technical assistance. 


Received 9 May; accepted 7 August 1977. 


. Stevens, A. Proc. natn. Acad. Sci. U.S.A. 69, 603-609 (1972). 

. Rabussay, D. & Geiduschek, E. P. in Comprehensive Virology 8, (eds Fraenkel-Conrat, H. & 
Wagener, R.) 1-196 (Plenum, New York and London, 1977). 

. Duffy, J. J. & Geiduschek, E. P. J. biol. Chem. 250, 4530-4541 (1975). 

. Pero, J., Nelson, J. & Fox, T. D. Proc. natn. Acad. Sci. U.S.A. 72, 1589-1593 (1975). 

. Whiteley, H. R., Spiegelman, G. B., Lawrie, J. M. & Hiatt, W. R. in RNA Polymerase (eds 
Chamberlin, M. & Losick, R.) 587-600 (Cold Spring Harbor Laboratory, New Yotk, 1976). 

. Duffy, J. J. & Geiduschek, E. P. FEBS Lert. 34, 172-174 (1973). 

. Pero, J., Tjian, R., Nelson, J. & Fox, T. D. Nature 257, 248-251 (1975). 


~l oN wn ta Ne 


32 ° 


8. Duffy, J. J. & Geiduschek, E. P. Cell 8, 595-604 (1976). 
9, mae J. J., Petrusek, R. L. & Geiduschek, E. P. Proc. nain. Acad. Sci. U.S.A. 72, 2366-2370 
1975). 
10. Fox, T. D., Losick, R. & Pero, J. J. molec. Biol. 101, 427-433 (1976). 
11, Fujita, D. J., Ohlsson-Wilhelm, B. M. & Geiduschek, E. P. J. molec. Biol. 57, 301~317 ( 1971). 
12. Fox, T. D. Nature 262, 748-753 (1976). 
13. Tjian, R. & Pero, J. Nature 262, 753-757 (1976). .. 
14, Petrusek, R. L., Duffy, J. J. & Geiduschek, E. P. in RNA Polymerase (eds Chamberlin, M. & 
Losick, R.) 567-585 (Cold Spring Harbor Laboratory, New York, 1976). 
Ae ay 
t . H a , 


™ 


Nature Vol. 270 3 November 1977 


15. Grau, O., Ohlsson-Wilhelm, B. M. & Geiduschek, E. P. Cold Spring Harbor Symp. quant. Biol. 
35, 221-226 (1970). 

16. Gage, L. P. & Geiduschek, E. P. J. molec. Biol. 57, 279-300 (1971). 

17. Laemmli, U. K. Nature 227, 680-685 (1970). 

18. Losick, R. & Pero, J. in RNA Polymerase (eds Chamberlin, M. & Losick, R.) 227-246 (Cold 
Spring Harbor Laboratory, New York, 1976). 

19. Grau, O. & Geiduschek, E. P. in Lepetit Colloquia on Biology und Medicine: RNA Polymerase 
and Transcription (ed. Silvestri, L.) 190-203 (North-Holland, Amsterdam, 1969). 








fe 


Endogenous inhibitor of prostaglandin synthetase 


S. A. Saeed, Wendy J. McDonald-Gibson, Josephine Cuthbert, Julia L. Copas, 
C. Schneider*, P. J. Gardiner, N. M. Butt & H. O. J. Collier 


Research Department, Miles Laboratories Limited, Stoke Poges, Slough, UK. 





Mammalian serum and plasma contain an endogenous 
inhibitor of prostaglandin synthetase (EIPS). Human 
plasma fractions rich in EIPS show anti-inflammatory 
activity in vivo. In rats, glucocorticoids raise EIPS activity 
of plasma and serum. These findings suggest the existence 
of a natural mechanism of controlling prostaglandin syn- 
thesis, possibly related to corticosteroid action. 


PROSTAGLANDINS (PGs) can elicit or intensify various unpleasant 
effects such as vomiting, diarrhoea, cough, pain and inflam- 
mation. Although PGs may well have an underlying defensive 
function, their production can at times be excessive and harm- 
fult. There seems, therefore, to be a need to control PG levels 
in tissues. It is known that these levels can be controlled through 
the availability of substrate for PG synthetase or the activity of 
enzymes metabolising prostaglandins. We describe here a new, 
direct endogenous mechanism of inhibiting PG synthesis that 
could also contribute to the control of PG levels. This was 
brought to light by the observation (by S.A.S.) that human 
serum potently inhibited the conversion of arachidonic acid 
into PGE, and PGF,, by homogenate of bull seminal vesicles 
(BSV). Serum and plasma of other mammals also possess this 
property. In human plasma, this property was associated 
with a particular fraction, the activity of which could be in- 
creased by further fractionation. This and other evidence 
indicated the presence of an endogenous inhibitor of prosta- 
glandin synthetase (EIPS). We outline below experiments on the 
occurrence of EIPS, on its biochemical and pharmacological 
properties and on its possible relationship to the mechanism 
of action of anti-inflammatory steroids. 


Inhibition of PG synthesis by mammalian 
serum and plasma 


Two methods were used for measuring the extent of PG 
synthesis in vitro. First, arachidonic acid was incubated with 
bovine seminal vesicle homogenate and the PGs formed were 
either estimated as total PG-like activity on rat.or hamster 
stomach fundus or separated by thin-layer chromatography 
(TLC) and estimated as PGE, on these tissues or as PGF,, on 
rat colon, as previously described?. Second, tritiated arachidonic 
acid was incubated with bovine seminal vesicle homogenate, 
the PGE, and PGF,, formed were separated by TLC and 
estimated by liquid scintillation spectrometry. Further details 
of both methods are given in Tables 1 and 2. 

Table 1 illustrates the concentration—response relationships 
for inhibition of total PG synthesis by several vertebrate sera. 
Except chicken, which was inactive, these sera, at concentra- 
tions of 25% v/v or less, inhibited PG production by 70% or 


*Present address: Wellcome Research Laboratories, Langley Court, 
Beckenham, Kent, UK. 


more. These effects were concentration-related (P<0.05 for 
slopes of concentration-response lines). The mean values with 
standard error for percentage concentration (v/v) to inhibit 
PG production by 50% (ICs) of the sera tested were: rat, 
1.11+0.21%; human, 1.37+0.55%; dog, 2.96+0.3°%; rabbit, 
7.50+1.35%; mare, 9.30 +0.41 %. 

In a few experiments, sera of guinea pig, ox and foetal calf 
were also tested. Guinea pig and ox sera inhibited PG synthesis 
at dilutions comparable with those in Table 1, but foetal calf 
serum was ineffective. Inhibitory activity was also found in 
time-expired human citrated plasma from a blood bank and in 
fresh rat plasma containing 0.2 mg mi— of disodium EDTA. 
When incubated in the standard test conditions with BSV 
homogenate, the IC; values of the citrated human plasma and 
fresh rat plasma were 0.78+0.06% v/v and 1.7440.19% v/v 
respectively. 


Fig. 1 Time course of inhibition by human serum or aspirin of PG 

synthesis by bovine seminal vesicle homogenate; @, 0.5% serum 

v/v; O, 5.0% serum v/v; A, 0.625 mM aspirin; and A, 3.13 mM 

aspirin. Incubations were conducted for 1, 5, 15 and 30 min. 

Values are the means of Sih aaa Other details as in 
Table 1. 
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Table 1 Inhibition of prostaglandin synthesis by sera 
Serum concentration Inhibition of total PG production (%) 
(%v/v) Rat Human Dog Rabbit Mare Chicken 
0.05 NT 13.7-+ 5.8 NT NT NT NT 
0.5 27.7+4.91 34.7+13.7 14.0+4.5 2,141.2 15.0+9.0 NA 
2.5 65.6+8.56 NT © NT NT NT NT 
5.0 93.3 +2.14 88.7 +2.2 61.0 2.1 16.8 +9.0 25.0 3.0 NA 
25.0 NT 90.0+3.5 97.7 +0.38 91.5+0.9 91.0+1.0 NA 


ee ee ee ee eee ee ee 

Inhibition values are mean + s.e.m. NA, not active; NT, not tested. Inhibition, by pooled serum from each species, of PG production was 
measured in a standard assay mixture (2 ml), containing 50 mM phosphate buffer, 0.25 ml Na,EDTA, 1.3 mM reduced glutathione, 0.5 ml 
bovine seminal vesicle homogenate, and an appropriate volume of the test serum or of isotonic saline as control®. The reaction was started by 
the addition of sodium arachidonate (final concentration 61 uM) and the tubes aerated at 37 °C with gentle shaking. After 15 min, 2 ml of 0.2 M 
citric acid and 16 ml ethylacetate were added to stop the reaction. After mixing and centrifugation for 5 min at 600g, 10 ml of the ethylacetate 


layer was evaporated to dryness, the residue was redissolved in Krebs solution and PG-like activity of the samples assayed on rat or hamster? 


fundus, using PGE, as reference. 


In some experiments, the PGE, and PGF,, produced by 
bovine seminal vesicle homogenate in the presence of various 
concentrations of human serum and in its absence, were 
separated by TLC using the AI solvent system, and assayed on 
rat fundus and rat colon respectively. Human serum, at 0.5, 
5 and 25% v/v, inhibited production of PGE, by 29.7 +14.9, 
88.7+5.8 and 96.5+3.2% respectively. The serum at these 
concentrations inhibited PGF,, production by 58.0+17.1, 
78.7+3.9 and 73.7+2.4% respectively. That the slope of the 
concentration-response line for PGF., was not significant 
may be attributed to the high standard error of the estimate 
at 0.5°% serum. In the experiments described below with 
labelled arachidonic acid and a purified fraction of human 
plasma, the slopes of the concentration—-response lines were 
all significant (P< 0.005, Table 2). 

The time course of inhibition of PG synthesis by human 
serum was compared with that of aspirin, using two concentra- 
tions of each inhibitor (Fig. 1). Human serum exerted its 
maximal effect between ! and 5 min and aspirin did so between 
10 and 15 min after the start of incubation. 

To eliminate the possibility that these inhibitory effects might 
largely be due to increased prostaglandin breakdown by the 
test serum, we studied the effect of the most potent serum 
tested (rat) on the main product of PG synthesis by bovine 
seminal vesicle homogenate (PGE,) in our experimental 
conditions. In two experiments, 0.25 Ci of 7H-PGE, (specific 
activity, 140 Ci per mmol) was incubated with 0.5, 5.0 or 15.0% 
v/v rat serum for 15 min. The reaction was stopped with citric 
acid, prostaglandins were extracted with ethylacetate and 
separated by TLC in a modified AI system?. Areas corresponding 
to reference prostaglandins were scraped into scintillation 
vials and radioactivity in disintegrations per min estimated 
by liquid scintillation spectrometry. In the two experiments, 
percentage losses of tritiated PGE, were respectively: 


0.5°% serum, Oand 30; 5% serum, 6 and 30; 15% serum, 0 and 
26. In further experiments using the above conditions, the effect 
of various concentrations of a purified EIPS fraction of human 
plasma (purified Cohn IV-4, Table 2) instead of rat serum, 
on °H-PGE, and #H-PGF., (specific activity 15 Ci mmol) 
was investigated. In two experiments, percentage losses of tri- 
tiated PGE, were respectively: 50 ug ml—! EIPS fraction, 0 and 
2.4; 200 ug ml ~! EIPS fraction, 13.1 and 8.4; 500 ug ml-* EIPS 
fraction 0 and 7.0. In similar experimental conditions, no loss of 
added 9H-PGF,,, occurred. On the basis of these results we 
therefore concluded that the decrease in net production of 
prostaglandins in the presence of rat serum and purified EIPS 
fraction could mainly be attributed to the inhibition of PG 
synthesis rather than to activation of PG degradation. 


Activity of human plasma fractions 


The ability of partially purified Cohn fractions I to VI of 
human plasma to inhibit PG synthesis by BSV was tested. 
Fractions I, IL, IL, V and VI were inactive at 1,500 pg ml 
or lower concentrations; but fraction IV (a-globulins) was active 
at 50, 500 and 1,500 ug ml}. Subfractions 1 and 4 of fraction 
IV, which were available, were then tested at 5-1,500 ug mi~! 
(Table 2). Subfraction 4 was considerably more active than 
subfraction 1 and was, therefore, further purified (Table 2). 
This purified material and various specimens of Cohn IV-4 
were therefore used in the pharmacological tests described 
below. 


Inhibition of adjuvant arthritis 


As known inhibitors of PG synthetase ameliorate adjuvant 
arthritis in the ratt’, we tested Cohn subfraction IV-4 against 
the swelling of the hind feet of rats that had received an intra- 
plantar injection of Freund’s adjuvant. Treatment with Cohn 
IV-4 lessened the extent of both the intense swelling of the 





Table 2 Inhibitory activity of human plasma Cohn fractions IV, IV-1, IV-4 and purified IV-4 against PG synthesis 


Concentration 
(ug ml—) IV {V-] IV-4 
Total PG production 
50 13.44+4.6 7.8+7.5 25.0+13.0 
200 NT NT NT 
500 23.8+2.6 10.5 -+-5.8 53.0+7.7 
1,500 77.34+3.2 39.4+0.96 73.0+1.8 


Inhibition by (%) 


Purified IV-4 
PGE, PGF on PGE,* PGF,,* 
14.7 +0.82 14.3 +6.4 22.4+1.0 25.2+0.91 
42.1 +18.8 69.9+18.5 35.2 +2.10 39.5 +0.95 
94.9 43.4 97.442.6 88.5 +5.90 83.1 £3.10 
NT NT NT NT 





Inhibition values are mean + s.e.m. Human plasma Cohn fractions IV, IV-1 and IV-4 were from Miles Laboratories. Purification of Cohn 
IV-4 was carried out by precipitation with 50% saturated ammonium sulphate, followed by chromatography on DEAE-cellulose, using a 
linear gradient of sodium acetate buffer (pH 5.0) from 0.01 to 0.5 M. Experiments with Cohn IV, IV-I and IV-4 were performed using bioassay 
of total PG-like substances produced by incubating arachidonic acid with bovine seminal vesicle homogenate, as in Table I. Experiments with 
purified Cohn IV-4 were performed using *H-arachidonic acid (specific activity 80 Ci mmol~*) and bovine seminal vesicle homogenate. The 
incubation mixtures, consisting of 1 Ci *H-sodium arachidonate (0.061 mM), reduced glutathione or noradrenaline, 0.5 ml bovine seminal 
vesicle homogenate and purified Cohn IV-4 as indicated, in 2 ml of 50 mM phosphate buffer (pH 7.4) were incubated in glass tubes at 37 °C for 
15 min with gentle shaking. The reaction was stopped by adding 2 ml 0.2 M citric acid and 16 ml ethylacetate, and 100 ug of unlabelled PGE, 
and PGF,, were added as carriers. The radioactivity was quantitatively extracted in the ethylacetate phase, the extracts were evaporated to 
dryness, taken up in 400 ul absolute ethanol and submitted to TLC on silica gel plates in the AI solvent system, with reference PGE, and 
PGF,, as markers. After chromatography, the zones corresponding to PGE, and PGF,, were scraped into scintillation vials and eluted with 
1 ml ethanol. The radioactivity was determined by scintillation counting in Unisolve I (also containing 5 g 17! Cab-o-sil). To determine per- 
centage inhibition of PG synthesis, radioactivity inc.p.m. of PGE, and PGF,, in zones from test incubates was compared with that of controls. 

* Noradrenaline 1.3 mM used as cofactor instead of 1.3 mM reduced glutathione, which was used in all other incubates. 
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injected hind foot and the more gradual and less intense 
swelling of the uninjected foot (Fig. 2). Analysis of results 
(Mann-Whitney U test) on day 13 shows that, in comparison 
with saline, subfraction IV-4 both at 2 and 10 mg per kg body 
weight subcutaneously, given 1 d before adjuvant and then daily 
(except day 4) until day 11, significantly (P < 0.05) reduced the 
swelling of the adjuvant-treated left hind foot and of the 
untreated right hind foot. The higher dose (10 mg per kg) also 
significantly (P < 0.05) reduced the incidence of swelling of the 
fore feet and totally suppressed the incidence of nodules in the 
tail (P < 0.05). 


Inhibition of bronchoconstriction 


In 13 anaesthetised guinea pigs, purified Cohn subfraction 
IV-4, given intravenously (i.v.) in doses of 5, 20, 50 or 100 mg 
per kg, inhibited the increase of airway resistance and the 
decrease of lung compliance induced by i.v. injection of 0.1- 
0.5 mg per kg of arachidonate (Table 3). At doses effective in 
inhibiting bronchoconstriction induced by arachidonate, 
Cohn subfraction IV-4 did not inhibit bronchoconstriction 
induced by ‘submaximal doses of PGF,, or acetylcholine 
(three guinea pigs). 

Like aspirin®, indomethacin 33 and 100 ug per kg i.v. in- 
hibited the bronchoconstriction induced by i.v. arachidonate 
(Table 3), without inhibiting the response to PGF,, or acetyl- 
choline. 

For two reasons, we also tested the purified fraction of 
Cohn IV-4 against bradykinin-induced bronchoconstriction 
in the guinea pig. First, this bronchoconstriction is known 
to be mainly due to stimulation by bradykinin of prostaglandin 
production in the lungs’. Second, virtually the only drugs that 
suppress this effect are those that inhibit prostaglandin bio- 
synthesis®. 

Purified subfraction IV-4 inhibited the effect of intravenous 
challenge with bradykinin in this preparation (Table 3). In 
these tests indomethacin was considerably more potent than 
aspirin, whereas in previous experiments of this type, indo- 
methacin had had unexpectedly low potency compared with 
aspirinë, 


In preliminary experiments on human isolated bronchial - 


muscle, prepared as previously described’, Cohn subfraction 
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IV-4, 0.1 and 1.0 mg mi~, relaxed the muscle and inhibited 
the contraction induced by sodium arachidonate, 50 ug ml ~. 


Effect of corticosteroids on EIPS levels 


In a preliminary experiment, 56 rats were given intraperitoneal 
(i.p.) dexamethasone sodium phosphate (0.1, 0.8 or 6 mg per 
kg); 4, 24, 48 and 72 h later rats were killed in groups of four or 
five, and the pooled serum of each group was tested for in- 
hibitory activity. Dexamethasone raised, in a dose-related way, 
the ability of the serum to inhibit PG synthesis. This effect was 
apparent at 24 h after treatment, it reached a peak at 48 h and 
was considerably diminished at 72h. In a similar experiment, 
using 72 rats, an i.p. dose of hydrocortisone sodium succinate 
(11, 90 or 360 mg per kg) likewise raised the inhibitory activity 
of the serum, with a comparable time course. In a third experi- 
ment, on 20 rats, aldosterone (0.2 mg per kg) failed to increase 
the inhibitory activity of the serum over a 72-h perod. 

In a further experiment on rats, dexamethasone sodium 
phosphate (24 mg per kg) or hydrocortisone sodium succinate 
(360 mg per kg) were given i.p. and 4, 24, 48 and 72h later, 
animals were killed in groups of five and each bled individually 
from the dorsal aorta into tubes containing 0.2 mg ml~ of 
disodium EDTA as an anticoagulant. The plasma was separated 
by centrifugation for 15 min at 600g and the potency in in- 
hibiting PG synthetase (EIPS level) of each plasma sample 
determined by the standard test procedure using bovine seminal 
vesicle homogenate (details as in Table 1). The results obtained 
showed that both dexamethasone and hydrocortisone raised 
plasma EIPS levels with comparable time courses (Fig. 3). 


Endogenous inhibitor of PG synthetase 


We have presented evidence that incubation of mammalian 
blood plasma or serum with bovine seminal vesicle homogenate 
results in a lowered production of prostaglandins. There are 
several possible ways in which this could occur, but most of 
these are incompatible with the evidence. The effect cannot be 
due to inhibition of phospholipase A because (1) EDTA, which 
inhibits phospholipase-A, is present in the assay medium and 
(2), an optimal amount of sodium arachidonate was added to 
the medium. Neither can the effect be due to inhibition of 


EL Maaa 


Table 3 Inhibition of increased airway resistance and decreased lung compliance induced by sodium arachidonate or bradykinin 


% Inhibition 


Dose Challenge of response to challenge* 
Treatment (mg per kg) substance Resistance Compliance 
Purified ) 5 Arachidonate sodium 31.8+4.7 24.44+5.3 
Cohn IV-4 20 44.3 +6.7 34.3 47.4 
50 67.7+0.3 49.0+-3.2 
100 67.0+8.0 64.0 -+0 

5 Bradykinin 34.71+1.7 19.54-5.5 

20 48.3+4.4 33.4+11.8 

50 67.0+0 73.2+19.8 

100 94.0+6.0 86.5-+13.5 
Aspirin sodium 2 Arachidonate sodium 85.5+3.5 71.5+6.5 
2 Bradykinin 82.0+9.6 80.7+9.9 

Indomethacin 0.03 Arachidonate sodium 47.0+15.8 58.7+15.7 

sodium 0.1 90.5+9.5 85.5+14.5 
0.01 Bradykinin 35.5 -4-9.9 25.3+8.2 
0.03 58.0+14.0 53.0+3.0 
0.1 88.5+11.5 86.0+6.0 


Male albino guinea pigs (400-600 g, Dunkin Hartley strain) were anaesthetised with pentobarbitone sodium, 60 mg per kg i.p. The trachea was 
cannulated for artificial ventilation by a Starling pump (5-8 ml at 72 strokes per min) by a Fleisch 0000 pneumotachograph. The difference in 
pressure across this device was measured with a Grass differential pressure transducer. This gives a flow signal that was fed into a Hewlett- 
Packard 8816A analogue computer. Transpulmonary pressure (TPP) was measured with another differential pressure transducer via side-arms to 
the thoracic cavity and the tracheal cannula. The signals for flow and TPP were applied to the analogue computer so that there was approxi- 
mately 180° phase difference. Dynamic compliance and airway resistance were derived by the computer from the ingoing signals. Drugs were 
administered intravenously through the external jugular vein. Arachidonic acid, 99 °/ pure from Si gma was given in doses of 0.1-0.5 mg per kg 


as the sodium salt. Bradykinin as triacetate from Sigma was given at 1 
as in Table 2. 
*Values are mean + s.e.m. 


-5pg per kg. Test drugs were injected 45 s before challenge. Other details 
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These observations raise the question: does EIPS represent 
a natural mechanism for control of PG synthesis? If so, how is 
EIPS inactivated when a need for PG synthesis arises? If so, 
again, what is the relevance of EIPS to diseases associated with 
excessive or unbalanced PG production? 


Anti-inflammatory drugs 


By analogy with morphine, which may be regarded as a mimic 
of an endogenous ligand of the opiate receptor!*!5, the pos- 
sibility arises that non-steroidal anti-inflammatory drugs, 
which inhibit PG synthetase, may act as mimics of EIPS. 
Other relationships between these drugs and EIPS are possible, 
however. l 

Several studies have shown that corticosteroids interfere 
with the release or production of prostaglandins or related 
substances in preparations that include human skin homo- 
genate!®, dog hind leg”, adipose tissue!’, mesenteric artery!?, 
cultured synovial cells*®*!, cultured fibrosarcoma cells??, 
and isolated guinea-pig lungs in anaphylaxis?*. In most of these 
studies the mechanism by which corticosteroids acted was not 
fully identified ; but Nijkamp et al.?3 showed that corticosteroids, 
with a relative potency comparable to their anti-inflammatory 
activity in vivo, interfere with the release of arachidonate, 
induced by rabbit aorta contracting substance-releasing factor 
(RCS-RF). 


-10 1 5 9 13 17 
Duration before or after adjuvant administration (d) 


Fig. 2 Inhibition by Cohn subfraction IV-4 of adjuvant arthritis 
in the rat, induced by the method of Newbould*. A suspension of 
25 ug of killed, ground Mycobacterium butyricum (Difco) in 
50 ul of light liquid paraffin was injected into the plantar surface 
of the left hind foot of each of three groups of 12 rats on day 0 
(arrow). On days —1 to 3 and days 5 to 11, saline (J) or sub- 
fraction IV—4, 2 mg per kg (A) or 10 mg per kg (@) was injected 
subcutaneously. Foot swelling was measured daily by micrometer, 
placed sagitally. Closed symbols, injected foot; open symbols, 
uninjected foot. *, P <0.05 for difference of test from saline- 
treated controls (Mann-Whitney U test). 


PG release from intact cells, because the cells of bovine seminal 
vesicle homogenate have already been disrupted. The experi- 
ments with tritiated PGE, and PGF,, eliminate the possibility 
that the effect of serum and a purified fraction of plasma rich 
in EIPS activity was due to activation of enzymes destroying 
prostaglandins. We conclude that mammalian blood plasma 
and serum contain a mechanism for inhibiting PG synthetase. 
The presence of this mechanism in plasma indicates that it 
is not simply an artefact generated in serum during blood 
clotting. Since PG synthesis can be inhibited by antioxidants®”°, 
one of which (propyl gallate) has anti-inflammatory activity 
in vivo and since macromolecules and macromolecular 
complexes have an undoubted, though little-understood, 
capacity to act as free radical stabilisers!!:1*, we have considered 
the possibility that the inhibitory effect might be a nonspecific 
property of blood proteins. This possibility was eliminated by 
the finding that this effect of plasma was restricted to the a- 
globulin fraction, representing about 5% of total plasma 
proteins. We therefore postulate that plasma and serum 
contain an endogenous factor (or factors) that potently in- 
hibits PG synthetase (EIPS). Analysis of its biochemical 
properties showed EIPS to be a protein, because neither de- 
proteinised plasma nor serum inhibited PG synthesis and 
because EIPS was inactivated by Pronase. EIPS could not be 
dialysed through a Cellophane membrane, indicating a large 
molecular size. Further characterisation of human plasma 
EIPS has shown that its activity is associated with haptoglobins 
(in preparation). Smith et alt? have previously described an 
anti-inflammatory fraction of human plasma. This differs in 
two main ways from EIPS, however. First, this fraction does not 
inhibit prostaglandin synthesis; second, it is of relatively low 
molecular weight (about 1,000). 


Increase in inhibitory potency of blood plasma (%) 


Fig. 3 Changes in EIPS levels of blood plasma taken from rats at 
various times after the intraperitoneal injection of dexamethasone 
or hydrocortisone. Cross-hatched column, 360mg per kg 
hydrocortisone sodium succinate; stippled column, 24 mg per kg 
dexamethasone sodium phosphate. Each column represents the 
mean + s.e.m. of five determinations. For other details see text 
and Table 1. *, P <0.05: **, P <0.025, ***, P <0.0005 for 
difference from saline-treated controls (Student’s f test). 
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In the experiments described here we have shown that, 
in normal rats, administration of a natural or a synthetic anti- 
inflammatory glucocorticoid (hydrocortisone or dexametha- 
sone), but not of the mineralocorticoid, aldosterone, increased 
the ability of the plasma or serum to inhibit prostaglandin 
synthesis by bull seminal vesicle homogenate. This effect 
is presumably due to the increase of EIPS. This suggests that 
glucocorticoids may act, at least in part, by increasing EIPS. 
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A search for the reported 400-keV 
y-ray line from Crab Nebula 


LEVENTHAL et al’ have reported a possible y-ray line at 
400+1keV from the Crab Nebula. The measurement was 
achieved with a balloon-borne high resolution y-ray tele- 
scope flown from Alamogordo, New Mexico on 10-11 May 
1976. The intensity and the width of the line are reported 
to be (2.24+40.65) x 10™ photon cm™’s” and < 3 KeV, res- 
pectively. These authors suggested that a possible origin of 
this line may be the gravitational redshift of the 0.511 MeV 
annihilation line produced near the surface of the neutron 
star. The line, if real, is of great astrophysical interest, and 
a confirmation of the measurement is therefore important. 
We report here the results of our search for this feature. 

On 10 June 1974 we conducted a balloon experiment 
over Palestine, Texas with a large volume high resolution 
y-ray spectrometer. The instrument which has been de- 
scribed previously’ consisted of four 40-cm* Ge(Li) crystals 
(only three were operational for the flight) operating in the 
energy range of 0.06-10 MeV. This cluster of detectors is 
surrounded by a CsI(Na) anticoincidence shield for reducing 
the background and providing collimation of 25° FWHM 
at 400 keV. The total effective area (efficiency X front area) 
is 10.4 cm’ and the energy resolution is 2.2 keV FWHM at 
the same energy. The objectives of the experiment were to 
measure (1) X-ray and y-ray emissions from the Crab 
Nebula, (2) diffuse cosmic fluxes (3) atmospheric y rays 
and (4) the instrument’s background in a space environ- 
ment. A study of the 0.511 MeV y rays from the terrestrial 
and extraterrestrial environments, results of the observation 
of a ‘flare-like’ y-ray line event, and the hard X-ray 
spectrum (53-300 keV) of the Crab Nebula are reported 
elsewhere**. A detailed analysis of the y-ray spectrum 
(0.3-10 MeV) of the Crab Nebula apart from the 400 keV 
and 511 keV lines is now underway, and will be reported in 
the future. 

The balloon was launched at 1204 ur and reached a float 
altitude of 2.9gcm™ at approximately 1530 ur where it 
remained for 6.5 h before cutdown. During the entire flight, 
the azimuth servo system maintained the instrument’s 





aperture in a southerly direction and the elevation was set 
10° from the zenith, allowing the Crab Nebula and the 
Sun, separated by 4°, to transit directly through the field 
of view. Since the viewing axis azimuth and zenith angles 
were fixed, background variations which may be associated 
with changes in these parameters by pointing the instrument 
towards and away from the target such as the method used 
by Leventhal et al.’ are therefore eliminated. Background 
variations owing to the balloon spatial drifts are estimated 
to be ~1%. Figure 1 shows the time history of the counting 
rate measured by the three Ge(Li) detectors in the range 
65-100 keV. During the first part of float, the aperture was 
blocked with a 20.3 cm diameter X 10.2 cm thick NalI(T1) 
crystal also in anticoincidence with the prime sensors and 
the rate decreased from 1.6 counts per s to 0.9 counts per s. 
The difference can be attributed to y rays originating from 
the atmospheric and diffuse cosmic components and enter- 
ing through the aperture. The Sun and the Crab Nebula 
transited through the field of view at 1845 ur and 1902 uT, 
respectively. By 1902 ur the rate had increased to 27% over 


Fig. 1 Time history of the counting rate measured by three of the 
four Ge(Li) detectors (65-100 keV). During the first part of float 
at 2.9 g cm~?, the aperture was covered by a 20.3 cm diameter x 
10.2 cm thick Nal(T1) detector and the rate decreased from 
1.6 to 0.9 counts per s. The difference can be attributed to 
aperture fluxes which consist of the atmospheric and diffuse 
cosmic X-rays. The Crab Nebula transited directly over the 
field of view at 1902 uT. 
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Fig. 2 Energy loss spectra. Our measured rates around 400 keV (a) 
are compared with those reported by Leventhal er al. during 
live-time intervals of 7,113-s (Crab target) and 7,084-s (Crab 
background), respectively (C. J. MacCallum, personal com- 
munication). Their measured line flux of 2.24 x 107° 
photons cm~? s~! should increase our measured rate in 
the 398-403 keV bin of the Crab plus Background spectrum 
by 1.26 x 107% counts per s. Such an increase of 3.90 statistical 
significance is not observed in our data. In a +, Crab plus 
background, 104 min; ©, background, 128 min. 


the background measured before and after the transits. 
Since the Solar Geological data (No. 360-Part 1, 1974) 
indicated no significant X-ray and y-ray activity during this 
period, contributions to the enhancement of the measured 
rate from the Sun are expected to be negligible. 

Figure 2a shows two energy-loss spectra in the range 
388-412 keV with one of the spectra accumulated over a 
104 min (1812-1956 ur) live-time interval during the Crab 
Nebula transit and the other over a 128 min live-time 
interval before (1702-1742 ur) and after (2016-2148 ur) the 
transit. The length of the source transit-interval selected for 
analysis was chosen such that the ratio of the total number 
of counts from the Crab Nebula over its statistical signi- 
ficance was maximised. The net average exposed effective 
area of the instrument to the Crab Nebula during the transit 
was 5.62 cm? at 400 keV. This value is determined experi- 
mentally using laboratory radioactive sources and compu- 
tation with the Monte Carlo technique*’® and further cor- 
rected for effects of attenuation of the overlying atmosphere 
and materials in the gondola, balloon spatial drift? and 
leakages through the shield. Also shown in Fig. 2 for com- 
parison are the corresponding spectra measured by Leven- 
thal et al.' (C. J. MacCallum, personal communication). 
During the Crab Nebula transit the difference in our data 
of the counting rate measured in the 398—403 keV bin and 
the average rate measured in the two adjacent bins 388- 
398 keV and 403-413 keV is (—2.85+3.27)x10~° counts 
per s. The null result is different from the measurement of 
Leventhal et al. of a positive increase of 4.00 significance 
using the same bin selection. Their reported line flux of 
2.24x 107° photons per cm’ per s from the Crab Nebula 
would increase our measured rate in the 398-403 bin of 
the Crab plus background spectrum by 1.26107’ counts 
per s. Such an increase of 3.90 statistical significance is 
clearly not observed in our data. In addition, our back- 
ground spectrum with the Crab Nebula outside the field 
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of view shows rates in the same three energy bins similar 
to those accumulated during the source transit. As these 
results are also consistent with our prediction of background 
variation of 1% owing to balloon spatial drifts, we may rule 
out the possible explanation that our null results in 
observing the 400 keV line is caused by systematic back- 
ground effects. 

In conclusion, we did not observe the 400-keV y-ray line 
from the Crab Nebula on 10 June 1974. Our result is in 
contradiction with Leventhal’s measurement if a constant 
source intensity is assumed. The two observations were 
separated by 2.yr, ‘however, and we cannot rule out the 
possibility that the feature may vary with time. Observa- 
tions with a high resolution instrument may resolve this 
issue. 

We thank G. Culp and L. Jung for assistance in con- 
ducting the balloon experiment, R. Bishop for contributions 
to data reduction, Dr G. Riegler for comments on the 
manuscript, and the National Scientific Balloon Facility for 
carrying out the balloon flight. (This research was supported 
under NASA contract NAS 7-100.) 
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Hadronic photoabsorption 
and pair production in pulsars 


THERE are two existing models for the acceleration of positive 
charged particles near the magnetic polar caps of a pulsar. 
In the first, the work function for a ®*Fe ion bound in the lattice 
at the stellar surface is assumed, following exhaustive calcula- 
tions of Flowers et al.1, to be too large for the occurrence 
of ion emission. Electron—positron pairs are created through 
magnetic conversion of curvature photons’; the electrons are 
accelerated inwards to the stellar surface, and the positrons 
outwards along open lines of magnetic flux to the light cylinder. 
In the second, the work function is assumed to be negligible 
and ion emission limited only by space charge effects. In the 
corotating frame of reference, all components of the surface 
electric field are zero and inertial ion acceleration?’ occurs. 
For surface magnetic flux densities B= 10!? G, we shall 
attempt to show here that the nature and mode of acceleration 
of the plasma moving outwards along open magnetic flux lines 
are determined, not by these processes, but by the occurrence 
of hadronic photoabsorption reactions in the electromagnetic 
showers produced by ultra-relativistic electrons incident on the 
stellar surface. This work was prompted by the comment? that 
magnetic conversion of backward moving photons from these 
showers may be an important source of pairs. The consequences 
of hadronic photoabsorption do not seem to have been con- 
sidered previously. Here, it is shown that photons of the energy 
necessary for conversion in a magnetic flux density of 10?2G 
are emitted with high probability in hadronic photoabsorption 
reactions, and an equation is obtained for the acceleration 
potential difference in a one-dimensional model of electron- 
positron pair creation at the magnetic polar cap. The properties 
of the accelerated plasma are important owing to its probable 
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connection with radio emission and with the phenomenon of 
subpulse drift occurring in certain pulsars (see, for example, 
refs 6, 7). 

Consider a photon emitted, for example, at an angle of 150° 
to the direction of the primary electron, assumed parallel with 
B. For B = 10!?G, the mean free path for magnetic conversion? 
is in the interval 1 < à < 10fcm for photon energy € such 
that 9 => e > 5 MeV. A photon of these properties would have 
a negligible probability of creation by purely electromagnetic 
processes, as shown by the shower distribution function tables 
of Messel and Crawford’. 

The transverse momentum of most photons in the shower is 
$10 mc, defined with respect to B, and therefore the properties 
of the shower should be unchanged by the magnetic flux. 
From the shower distributions® (for air) the photon track length 
at energies of more than 300 MeV is estimated to be 1.6 W 
radiation lengths, where. W is the primary electron energy in 
GeV. For W x 10° GeV, several photoabsorption reactions 
would occur per shower. The equilibrium state of matter at the 
stellar surface would be determined by the formation of light 
nuclei (with negligible work functions) in the spallation of 
**Fe and their emission from the surface by thermal excitation. 
At the temperatures and densities considered, fusion and 
diffusion would seem unimportant. Owing to the spallation 
and the interaction-induced disorder, the matter would have 
the -characteristics of a glassy solid. However large the Fe 
work function, the plasma moving outwards must have an 
ionic component. The charge spectrum of light nuclei accelerated 
would include Z = 3-5, normally considered to be present in 
galactic cosmic rays as a result of the interaction of heavier 
nuclei with the interstellar medium. 

For photon energies below the meson threshold, the most 
important photoabsorption reaction is the formation of the 
giant dipole resonance. The cross section, integrated over 
photon energy from 15 to 30 MeV, is a large fraction of the 
classical sum rule result!°, 60(NZ/A) mb MeV. For mass num- 
- bers A > 40, neutron emission is the dominant decay mode 
of the resonance. Proton emission occurs, but is less probable. 
Photons with energy in the interval 5 < e < 9 MeV are pro- 
duced with approximately unit probability in both the further 
'decay. of the residual nucleus and the capture of the neutron. 
The average number of photons from these processes entering 
the magnetosphere with energy such that their mean free path 
for magnetic conversion is in the interval 1 < % < 104cm can 
be estimated, from the shower distributions’, to be of the order 
of 1-10 for a primary electron of 10? GeV. A laboratory 
measurement of the number and energy spectrum should be 
possible at the lower energies of existing electron beams. 

We later summarise some results for a one-dimensional 
model of pair creation by this mechanism. It is assumed that 
acceleration occurs for 0 < z < z,, where z is the distance 
from the stellar surface measured along an open line of mag- 
netic flux at the polar cap, and za < 10% cm. In the corotating 


~ 


frame of reference, the potential @(z) satisfies the condition 
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(0) = (=) = (1) 


In units of o.c, where ©, is the (positive) corotational charge 
density, the ion current density is a, and the electron- 
positron current density resulting from magnetic conversion 
between z, and za is as. The lower limit z, < Za represents a 
maximum photon energy. It is assumed that a, +a, =a < 1. 
The first result obtained is that the mean number of photon 
conversions per primary electron and unit interval of z is of 
the form 
G(z) « z7}, 25. 2S Be © (2) 
as a function of z. This is independent of the photon angular 
distribution, is exact if the photon energy spectrum is f(g) < 74, 
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and is a satisfactory approximation for any reasonable f(e). 
It is assumed, on the basis of the discussion of the giant dipole 
resonance, that the form of f(e) (though not its scale) is in- 
dependent of primary electron energy. With this result, the 
potential @(z) satisfying the boundary conditions (1) can be 
found from Poisson’s equation, assuming all particle velocities 
equal to c. The maximum acceleration potential is 


QO(Z4) = — 2n0,2,°(1—a+a,/In(z,/z,)) (3) 


Following the discussion of hadronic photoabsorption, we 
assume that the mean number of photon conversions between 
Ze and z, per electron created at z and accelerated inwards to 
the stellar surface is 


F(z) = Co(2), 


= 0, 2< Ze (4) 
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where the lower limit z, satisfies z, < ze < z, and C is a func- 
tion of this lower limit and of B. The equation for @(z,) can be 
derived from the condition for a time-independent electron— 
positron current density. It is 


40(z,)/@(z,) = exp(2F(z,)), in the limit a—1 (5) 
or 
2P(Z a)/O(Z.) = exp GF(z,)), 1—a > a,/ In (Za/Zo) (6) 


The solutions of equations (5) and (6) are insensitive to z. and 
as functions of C are approximately @(z,) < C~. We estimate 
—eQ(z,) % 10? GeV for B = 10! G on the basis of the earlier 
(order of magnitude) discussion of photon production. Thus 
pair production and the outward flow of positrons may occur 
through this mechanism rather than the conversion of curvature 
radiation which would require a small radius of curvature 
(< 10’ cm) for the open magnetic flux lines at the stellar surface. 
Both a laboratory measurement of photon production and a 
detailed study of the effect of the magnetic flux on shower 
properties, however, are necessary for quantitative estimates 
of C and g(z,). 

I thank Professors J. Arons and M. A. Ruderman for corres- 
pondence on particle acceleration, and Dr T. W. Quirk and 
M. Staton for helpful discussions. 
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A classification scheme for pulsars 


WE have already’ distinguished between three types of pulsars 
depending upon their mode of formation. Here we discuss some 
implications of this classification scheme. We suggest the no- 
menclature types L, S and D for the three types of pulsars. Type S (S 





for single) consists of pulsars formed as a result of supernova - 


explosions of single stars. Types D and L refer to pulsars which 
come from massive close binary systems. Pulsars produced by 
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supernova explosions in and leading to the disruption of the 
binaries belong to type D (D for disrupted), while the old, 
rejuvenated neutron stars liberated from binaries by the supernova 
explosions of the companion stars constitute type L (L for 
liberated). Type D consists of two subsets; a pulsar belongs to type 
D; if its formation, accompanied by the disruption of the binary, is 
a result of the supernova explosion of the first (originally the more 
massive) star; to type Da, ifa result of the supernova explosion of 
the second (originally the less massive) star. Thus type D, pulsars 
are associated with OB runaways, while type D2 pulsars are 
associated with type L pulsars. 

This distinction between the three types of pulsars has two 
significant implications. First, the age of a type L pulsar is not 
simply determinable from its spin-down rate. Pulsars in massive 
close binaries are born in rapid rotation like single pulsars’, but 
slow down rapidly’. The neutron star spins up due to mass 
accretion from the companion star and mass loss from the system’. 
In terms of the concept of spin-down age, the neutron star ages 
rapidly immediately after its formation but is rejuvenated later. 
Only if the type L pulsar is spinning as rapidly at the time of the 
disruption of binary, as it was at the time of its formation, is its 
spin-down age relevant. For type D pulsars, of course, it is as good 
a measure of the true age as it is for type S pulsars. 

Second, a type L or a type D2 pulsar cannot be assumed to have 
always been moving with its present velocity, which is the orbital 
velocity the pulsar had at the time of the disruption of the binary by 
the second supernova explosion. Before that the system was 
moving with the velocity it had acquired as a result of the first 
supernova explosion. An estimate of the velocity can be made from 
the galactic z-distribution of massive X-ray binaries—a stage 
reached by the OB binary some 4-5 Myr after the first supernova 
explosion, which can be assumed to have taken place in the 
galactic plane. As the average distance of massive X-ray binaries 
above the galactic plane is ~ 90 pc (ref. 6), we conclude that the 
centre of mass of the. system is accelerated to a z-velocity of ~ 
20-30 km s~! by the first supernova explosion. 

Since the time interval between the first and the second 
supernova explosion is about 5-7 Myr (ref. 5), the binary would 
have moved a distance 100-200 pc perpendicular to the galactic 
plane before being disrupted by the second supernova explosion. 
Thus while type S and type D: pulsars are born close to the galactic 
plane, type Dz and L pulsars are born at large |z| values. If, 
however, the space velocity of the pulsar at the time of the 
disruption of the progenitor binary had a z-component, the 
present z-position of the pulsar could be above or below the z-value 
at which the pulsar was formed. Further, since the space velocities 
of type L and type D pulsars are typically an order of magnitude 
larger than the centre of mass velocities of their progenitor 
binaries, a pulsar could move a substantial distance in the zZ- 
direction after the disruption of the binary so that although it was 
formed at a large |z| value, it could now be close to the galactic 
plane. It could even have crossed the galactic plane and may now 
appear on the other side. Thus while a type L or a type D2 pulsar is 
born at |z|~ 100-200 pc, its present distance from the galactic 
plane would depend upon the magnitude and the sign of the z- 
component of its space velocity and on its age asa single object. 

We can now review the galactic z-distribution of some pulsars. 
PSR 1133+16 has a transverse velocity of 320 km s7! ata height 
z = 150 pcabove the galactic plane’ and a spin down age of 5 Myr. 
According to ref. 1 it is a type L pulsar. Two hypotheses can then 
explain its present z-position. (1) The progenitor binary had moved 
a z-distance of about 150 pc between the first and the second 
supernova explosions so that the pulsar was formed at a height ~ 
150 pc above the galactic plane and is now moving parallel to it. In 
that case its radial velocity should be ~ — 120 kms~'. (2) Or, the 
pulsar was born ~ 150 pc below the galactic plane. The orbital 
plane of the progenitor binary was suitably inclined to the galactic 
plane to give the liberated pulsar an appropriate z-velocity. Some 
time ago, the pulsar must have crossed the galactic plane and is 
moving up. A similar explanation holds for PSR2021 +51 which 
has a transverse velocity < 400 km s~' but is only 120 pc above 
the galactic plane’. PSR 0823+26, PSR0834+06 and 
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PSR1237+25 are respectively 420, 210 and 370 pc above the 
galactic plane and have transverse velocities 506, 118 and 178 km 
s~! respectively®. They are all type L pulsars’. They must have 
been born ~ 150 pc above the galactic plane and are moving up. 

PSR1929 + 10 is located atz = —7 pc and has a velocity 75 km 
s7! perpendicular to the galactic plane’. Since its velocity is much 
too small for its status as a type L pulsar’ it must havea large radial 
velocity. The present location of the pulsar can be explained if we 
assume that it was born ~ 150 pc below the galactic plane and is 
now on its way up. PSR0329+54 has a transverse velocity of 
< 450 km s~! and is located at z = —28 pc (ref. 7). We have 
classified it as a type D pulsar’. Either it is a type D1 pulsar born at 
this z-value and is moving parallel to the galactic plane, or, 
alternatively, it is a type D, pulsar which was born ata large z-value 
and has since moved closer to the galactic plane. PSR0950 + 08 has 
a transverse velocity of 50 kms~' atz = 71 pc (ref. 7). Since itis a 
type D pulsar’, it must have a large radial velocity. Further to 
explain its low z-value, in spite of its large age (17 Myr), it must be 
postulated that the pulsar was born at this z-value and 1s moving 
parallel to the galactic plane. The Vela pulsar 0833 — 45 is at a low 
value of z (—24 pc) as a young type S pulsar should be. Another 
type S pulsar, PSR2016+ 28, is also close to the galactic plane 
(z = —33 pc)®. But since it is very old (59 Myr) it must be moving 
parallel to the galactic plane. The Crab pulsar is located 200 pc 
below the galactic plane. Since it is an extremely young type S 
pulsar’, ithas not moved much from its place of birth. Therefore its 
progenitor could not have been an OB star, all of which are 
confined to the galactic plane. Thus, Crab pulsar must be the result 
of the supernova explosion of a late type, low mass star. 

I thank Dr R. Rajamohan for useful discussions. 
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Deuterium enrichment in 


interstellar HCN and HNC 


THE cosmic abundance of deuterium, expressed as the ratio D/H, 
is thought to be approximately 2 x 107° (ref. 1). Observations on 
deuterium-containing molecules, such as DCN (refs 2,3) and DNC 
(ref. 4), however, indicate much higher values for the molecular 
ratios DCN/HCN and DNC/HNC. In the case of DCN this was 
attributed to chemical enrichment involving equilibria such as 


HCN+HD + DCN +H, (1) 
HCN +D + DCN +H (2) 


or to other mechanisms°. But itis difficult to reconcile the observed 
enrichment of DNC with any of these suggestions. Here we explore 
the alternatives and correct previous suggestions about the 
mechanism of formation of interstellar HCN. We consider 
conditions appropriate to dense molecular clouds such as that in 
Ori A or NGC2264 where the visual/ultraviolet optical depth is 
very high and ionisation is predominantly by cosmic rays. 

For such clouds ion—molecule reactions in the gas phase”? seem 
to account satisfactorily for many of the observations on mol- 
ecular species and we shall base our discussion on this theme. 
Reactions on dust grains, especially very small ones, may also 
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play a significant part®. In it, the formation of HCN is attributed 
to the following reactions: 


C*+NH;3 > H.CN* +H (3) 
H CN* +e > HCN +H (4) 


In the low temperature conditions that prevail in interstellar 
molecular clouds, however, the N-H bonds will not be disrupted in 
equation (3) and so it should be written 


C*+NH;3 > H2NCt+H (5) 
which would be followed by 
H.NC* +é > HNC+H (6) 


Thus the ion—molecule reaction between C* and ammonia leads to 
HNC rather than HCN. It is often stated that H.CN?* has the 
structure HCNH +. While this seems to be the most stable isomer!® 
there is no reason to doubt that the other isomers H,CN?* and 
H.2NC* correspond to alternative, locally stable arrangements. 
Unimolecular rearrangements of these less stable isomers to 
HCNH* would be exceedingly slow at the temperatures prevailing 
in molecular clouds. 

In place of equations (3) and (4) as the main means of producing 
HCN, the following scheme seems to be the most plausible 


N*++CH; > H»CN*++H = D 
or N+CH3* > H CN+t +H (8) 
followed by H CN* +e > HCN+H (4) 


In addition to these processes there is the following rapid 
isomerisation channel for HNC which, of course, is another 
process for production of HCN: 


HNC+H* > HCN+H?* (9) 


Calculations on the relative stability of HCN and HNC (ref. 11) 
imply that the former is more stable by 0.63eV and this is 
supported by some laboratory studies of the equilibrium (ref. 12 
and unpublished results) so that the equilibrium ratio HNC/HCN 
is about 10~°° at 100 K. The fact that column densities of HNC 
comparable to those of HCN have been observed in dark clouds 
indicates that equilibrium between the two species is not estab- 
lished. This is an important observation because its consequence is 
that related equilibria involving HNC and HCN in proton 
exchanges likewise will not be established (they would have to be 
established at rates much faster than equation (9) whichis expected 
to occur at the Langevin rate and with one of the most abundant 
ionic species in dark clouds). Also because the equilibrium 
involving equation (9) has as fast a rate constant and as high 
concentrations (according to the numerical results of the 
ion—molecule reaction scheme obtained by Herbst and Klem- 
perer, ref. 7) as any other process considered in discussions of 
deuterium enrichment through chemical equilibration, it is dif- 
ficult to sustain such interpretations of molecular deuterium 
enrichment in dense molecular clouds. 

We conclude that the explanation of molecular deuterium 
enrichments in interstellar HCN and HNC must lie in isotope 
effects that influence the formation processes rather than equilibria 
involving HCN or HNC. 

In the case of HNC the deuterium is introduced, according to 
reactions (5) and (6) through NH2D: 


+ 2 HDNC*+H (10) 
C°+NEH2D-S FH ONCt+D ~ d) 
As these competing channels involve the fission of an N-H and 
N-D bond respectively, a very strong preference for the former is 
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expected in low temperature conditions owing to the substantially 
greater zero point energy ofan N-H bond (typically the zero-point 
energy difference is ~ 800 cm7! = 1,200 K). Also a similar pre- 
ference is expected in the second step 


+ a DNC+H (12) 
PUNG PES HNC D (13) 
Such preferential decompositions, equations (10) and (12), lead to 
a DNC/HNC ratio equal to that of NH,D/NH,, that is, to a 
threefold deuterium enrichment compared with that in ammonia. 

The mechanism ”’’* of ammonia production in dense molecular 
clouds is believed to be 


N* +H, > NH* +H (14) 
NH* +H, > NH2*+H (15) 
NH2* +H: > NH; +H (16) 
NH3* +M > NH3+M?* (17) 


where M* isa readily ionisable heavy atom such as Ca, Mg, Si. The 


formation of NH,D therefore originates from processes anal- 


ogous to equations (14), (15) and (16) involving HD. The effect of 
zero point energies will again be to lead to preferential retention of 
deuterium in the product molecular ion so that a given abundance 
ratio of HD/Hz2 could yield a ratio NH2D/NH3 = 3(HD/H;). 
Overall we might expect an enrichment of DNC/HNC up to three 


times HD/H, corresponding to an overall sixfold enrichment of 


deuterium as compared with that exhibited by the dominant 
species in the molecular cloud (H2) and thus of the cloud as a 
whole. 

For HCN we need to consider deuteration of species leading to 
CH3* or CH3. In the case of the former the processes!4 are 
probably 


C*+He > CH2* +hv (18) 
CH.* +H, + CH;*+H (19) 


which implies that the CHD*/CH.* = HD/H, and 
CH2D*/CH3* = 2(HD/H2). Thus if equations (18), (19), (8) and 
(4) show the dominant processes for HCN production we could 
expect an overall deuterium enrichment of HCN of up to four 
times that of the cloud asa whole. It is not yet clear what is the main 
channel of production of CH; but if it involves 


CH;*+M > CH3+M+ (20) 


analogous to equation (17) then we expect the same degree of 
enrichment to arise for the equations (7) and (8). Thus in either 
case the expected enrichment of HCN is less than that for HNC. 

If, however, HCN is predominantly produced from HNC 
according to equation (9) then the enrichment corresponds to that 
of the D*/H* ratio because it is this final step that introduces the 
proton or deuteron that ends up in the HCN or DCN. For dense 
clouds it is not obvious that the D* /H* ratio will exceed that of the 
overall deuterium/hydrogen ratio for the cloud and so, to the 
extent that HCN is produced by HNC, we expect diminished 
deuterium enrichment for this molecule. 

While this implies that a greater enrichment of deuterium will be 
observed for HNC than for HCN, and this is in keeping with the 
limited observations so far made, it does not account for the very 
great enrichments, about 100-fold for HCN, 2,000-fold for HNC 
so far reported*-*. Since it does not seem feasible for any relevant 
chemical equilibria to be established on the time scales available 
for dense interstellar clouds we are forced to turn to kinetic isotope 
effects. These ion—molecule reactions, however, are all believed to 
proceed at rates close to the Langevin rate and this leaves little 
scope for isotope effects. 

Perhaps the dissociative recombination reactions in equations 
(4) and (6) exhibit isotope effects of the requisite magnitude, 
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although the theory of secondary isotope effects in unimolecular, 
reactions!> indicates that the deuterium-containing species would 
decompose more slowly at the low pressure limit. It seems 


important to clarify this, either experimentally or theoretically. It’ 
would help if the NH,D/NH; ratio could be established by, 


observations. Resolution of the problem is urgent because other- 


wise we must conclude either that the ion—-molecule scheme of 
galactochemistry is inadequate or that the dense molecular clouds | 
are enriched overall in deuterium by a handsome margin compared | 


with the ‘standard’ cosmic abundance of D/H = 2x 107°. 
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Lost Pacifica continent 


Tue Alpine mountain chain is generally accepted to be 
the product of continent—continent collisions. In this belt 
the zone of recent tectonic activity is wide (up to 2,000 km 
in Tibet) and crustal thickness in places is 1.5-2 times 
the average continental crust, presumably due to the 
inability of light continental material to sink into the 
astheosphere. Under the Himalayas, for example, the 
crust is 70km thick!. Furthermore, as indicated by seis- 
micity, the active collision zone here includes not only 
the highly deformed Himalaya belt but also the entire 
Tibet plateau. Major wide mountain belts exist, morpho- 
logically similar to the Alpine belt, in regions which do 
not experience continental collision, such as western North 
America, Alaska, east Siberia and the Andes. The crustal 
thickness here can also be very great, up to 70km in 
the Andes?. All are seismically active, wide, highly 
deformed and include high plateaus of various sizes. Many 
of these wide orogenic belts also exhibit great geological 
complexities which are not simply explained by the model 
of an oceanic lithosphere under-thrusting a continental 
lithosphere. We suggest, therefore, that the circum Pacific 
mountain belts may.be the result of past continental col- 
lisions, similar to those associated with the Alpine belt. 
We summarise the evidence for the incorporation of past 
continental masses around the Pacific Ocean. Holmes’ 
has given a compelling case for large continental land 
masses during parts of late Palaeozoic to early Tertiary 
to the west of North America such as Cascadia and 
Llanoria’. The land includes conglomerates derived from 
crystalline sialic rocks which have since disappeared. 
Hamilton’ and Davis and Armstrong? suggested that the 
Klamaths were originally some distance offshore to the 
west and that the Permo Triassic Sonoma Orogeny results 
.from an arc continent collision. 

A large scale collision of Alaska with a continental 
fragment during Palaeozoic and early Mesozoic, finally 
coalescing in late Jurassic-early Cretaceous times has been 
suggested’”*. Hamilton’ has proposed that: Permian terrains 
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bearing Tethyan fusulinids may have formed in the central 
Pacific on island arcs which were subsequently swept 
into the North American continent. Furthermore, these 
North American terrains share Jurassic and Cretaceous 
faunas and floras with New Zealand, Caledonia, the 
Antarctica peninsula and Chile. This is consistent with 
several palaeomagnetic studies’ which suggest that large 
fragments in the western USA, Canada, and in Alaska 
were located near the equator perhaps at Triassic times. 
Hillhouse” found that tholeiitic flows in the Wrangell 
mountain area were formed at 15° north or south of the 
equator during Triassic time. 

Jones et al? have shown that a large continental block— 
Wrangellia—was incorporated in north-western North 
America in late Mesozoic time. This block(s)* extending 
over 2,000 km from Alaska to Oregon, were not contiguous 
to central Alaska at Jurassic time. 


Most remarkably, the displaced Wrangellia block 
apparently received enormous quantities of Triassic 


= tholeiitic basalts—to become one of the largest domains 
i of non oceanic basalts. Jones proposed that presumably, 


rifting initiated this volcanism, but where it ocourred and 
what was rifted remain enigmatic. 

In Central and South America there are numerous old 
basement inclusions within the mobile belts, some of which 
extend well into the Pacific Ocean itself—suggesting past 


continental collisions. During the Jurassic, South America 


was bound to the west by volcanic rocks resting on strongly 
folded and metamorphosed rocks off Patagonia**, Ecuador”, 


‘Peru?”"* and Bolivia’®. Old Precambrian continental base- 


ment fragments, of unknown origins, were recognised also 
in the Santa Marta mountains in Columbia, the Serrania 
‘ide Baudo in Panama and Columbia, the Pacific Ocean off 
Peru, the Nicoya complex in Central America, and the 
Sierra Madre de Sur in Mexico, among others. Palaeo- 
magnetic data”? suggest that Honduras was in the Pacific 
in Cretaceous times. 

. The situation is perhaps best summarised by James”: 
Jurassic volcanic rocks in southern Peru are wedged in 
among crystalline metamorphic rocks at least 400 Myr-old. 
What these remnants of ancient sialic crust are doing some 
300 km west of the currently exposed geosynclinal rocks of 
the continental margin is unknown. These rocks could 
be part of the palaeozoic microcontinent that lay to the 
west of the South American coastline. 

In north-east Asia palaeomagnetic data” suggest, that the 
Kolyma block and the Sikhote Alin region thave been 
welded onto the Asian continent, probably in late Jurassic 
or, Cretaceous times. The Verkhoyansk and Sikhote 
mountain belts represent, therefore, probable sites of con- 
tinental collisions’. Other possible continental fragments 
from the Pacific Ocean are the Sea of Ohotzk and sur- 
rounding areas in early Tertiary time, almost all of China 
south of 40°, and Korea™’*. All this may suggest that 
large fragments have collided with mainland Asia during 
Triassic through Cretaceous time. Furthermore, Churkin 
and Eberlein“ point out that Permian rocks lie outbound 
of poorly known Palaeozoic and Precambrian rocks in 
the: Alaska range. Ancient rocks reappear west of the 
Bering Sea.along the north-west rim of the Pacific, where 
similar terrains of Palaeozoic age occur in north-eastern 
USSR, in Japan, and discontinuously further south along 
the west Pacific rim. Thus not unlike North America and 
the ‘Andes, mysterious continental masses in the Pacific: 
have been involved in East Siberia, China and Japan. 
Many of these bodies bear strong evidence for continental 
origins as indicated by the nature of the old rocks exposed. 

We propose that these chunks were parts of a continental 
mass'which has disaggregated, perhaps the way Gondawana 
has, and Africa is and may continue to disaggregate. We 
envisage that the circum Pacific fragments were emibedded 
in the major plates of the Pacific Ocean—the Kula, 
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Fig. 1 Schematic model of the breakup of Pacifica and the resulting collision events. Possible ages of the reconstruction stages: a, 225.Myr; 

b, 180 Myr; c, 135 Myr; d, 65 Myr. Fine lines mark the present day continental outline. Heavy lines mark the location of the various 

continental areas through the geological evolution after Dietz and Holden. Position of spreading centres simplified from 
refs 25, 26, 40-42. 


Farallon, Phoenix and Pacific plates—whose motion might 
roughly be reconstructed from palaeomagnetic data back 
to 190 Myr Bp**’**, As shown schematically in Fig. 1 we 
do this by removing continental blocks from Alaska and 
western North America, the Andes, Kamchatka and Japan, 
displacing them in a cartoon like fashion back in time 
attached to their corresponding plates. The various frag- 
ments, as they migrate iback towards their respective 
spreading ridges, also approach each other. By further 
extrapolating the plate motions backwards beyond Jurassic 
time, we suggest that they comprise a single mass perhaps 
by mid-Permian times. 

We call this mass Pacifica*—to emphasise its centrality 
in the Pacific geological history. Assuming that Pacifica 
was located over the developing spreading pattern of Larson 
and Chase?” we imagine four major groups of continental 
fragments—one each on the Kula, Farallon, Phoenix and 
Pacific plates. As spreading continued, these fragments 


were presumably carried along toward subduction zones, 
eventually reaching continental margins. Roughly speaking 
the Kula fragments collided with Alaska and Eastern 
Siberia, the Farallon fragments with North America and 
the Phoenix fragments with South America. The submerged 
platforms in the south-west Pacific (which show typical 
crustal structures) such as the @ntong—Java and Manihiki 
platforms may thus be fragments of Pacifica. 

Before its breakup Pacifica could have been somewhere 
in the neighbourhood of Australia, as shown in Fig. 1. 
We chose to extend Pacifica to Proto Antarctica, to account 
for the possibility that southern South America may be a 
splinter off Antarctica” and that at least parts of the 
Antarctica coast does consist of rifted margins”! indicating 
continental rifting. 

The existence of Pacifica may thus explain the origin 
of the circum Pacific Cordillera, and probably shed some 
light on the origin of the submerged platforms in the 
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south-west Pacific Ocean’. It may provide the continental 
connection between western North America, south-east 
Asia, Australia, and South America, needed to explain 
the evolutionary history of flora, such as the angio- 
sperms’, and fauna, such as various fusilinids’ and 
mammals™*** around the Pacific. In fact, the concept of 
a Pacifica was first introduced by biogeographers’’""" 
solely to explain the relation between the species and 


families surrounding the Pacific. Our results may, there- :' 
fore, provide the geophysical and geological detail necessary ' 


to understand the continental and biological history in 
the Pacific. We believe that the combined evidence from 


geophysics, geology and biology makes a compelling case. 


for a now extinct Pacifica continent, whose fragmented 


remains are mostly now embedded in the circum Pacific 


mountain belts. 
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Rb-Sr ages of early Archaean supracrustal 
rocks and Amitsoq gneisses at Isua 


Previous field descriptions! ~ and isotopic age determinations®*® 
left unresolved several important points about the relationships 
between the Isua supracrustal rocks and the surrounding 
Amitsoq gneisses. In scattered areas of comparatively low 
deformation, field relationships show unequivocally that 


’ Schuchert, C. & Dunbar, C. O. Outlines of Historical Geology (Wiley, New ! 
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gneissose granitic veins intrude the supracrustal sequence. 
Geochemical studies” show that these veins are closely compar- 
able to early tonalitic components in the polyphase Amitsoq 
gneisses surrounding the supracrustal belt. Here we show that 
the veins are isotopically indistinguishable from the main out- 
crops of Amitsoq gneisses. They do not represent a period of 
granitic activity significantly younger than the Amitsoq gneisses, 
such as the ~ 2,900 Myr-old Nak gneisses of the Godthaab area. 
Thus the veins may be classified as Amitsoq gneisses. Present 
field and isotopic evidence combined suggest that at least part 
of the ~ 3,700 Myr-old Amitsoq gneisses are younger than the 
Isua supracrustal belt. We have found no field or isotopic 
evidence that any part of the Amitsoq gneisses so far mapped 
pre-date the deposition of the supracrustals. 

It was also uncertain whether quartzofeldspathic gneisses 
so far studied isotopically from the Isua area (West 
Greenland) were representative of the main body of 
Amitsoq gneiss in that area. The earlier material studied 
was collected largely from gneisses close to the supra- 
crustal rocks. Most of the samples are strongly foliated 
rocks in which primary igneous features had been lost during 
deformation. In contrast Amitsoq gneisses with original 
structures away from.the immediate contact of the supracrustal 
succession were represented by only a few samples. It was 
thought possible that the rocks in the contact zone could 
represent a separate unit, either a screen of granite material 
emplaced along a tectonically controlled zone between an old 
gneiss basement and a younger cover or a group of greywacke- 
like sediments deposited on gneissic basement. 

The material already studied isotopically*® was supplemented 
by samples collected by Bridgwater and McGregor in 1973 of 
which the field relations were better known. Three groups of 
rocks were selected for further Rb-Sr age study: (1) veins of 
tonalitic gneiss up to several metres in width which cut across 
an earlier foliation in Isua amphibolitic supracrustal rocks out- 
cropping to the west of the lake Imarssuaq (Fig. 1). These have 
tonalitic or granodioritic compositions comparable to the 
majority of Amitsoq gneisses (samples 158528-530). (2) Massive, 
granodioritic Amitsoq gneiss collected approximately 2.5 km 
north of the contact between supracrustals and gneisses east of 
Imarssuag (samples 117991—993). (3) Homogeneous, muscovite- 
bearing, leucocratic schist found as a major unit over 100m 
wide within the supracrustal succession to the west of Imarssuaq 
(samples 158509, 158526, 158526 A). These were considered by 
Bridgwater and McGregor to be either acid volcanics or more 
highly deformed equivalents of the discordant tonalitic veins 
described in (1) above. Thin section and chemical studies’, 
however, have shown that they are closely related to K-rich 
boulders found within the conglomeratic unit which forms a 


- conspicuous part of the southern and eastern parts of the Isua 
`- succession!~*. Further mapping 
_ this unit of leucrocratic schist adjoins the westward continuation 


by Allaart*4 has shown that 





Table 1 Rb-Sr analytical data 


Sample no. 87R b/*Sr* s7Sr/Sr Rb(p.p.m.)f Sr (p.p.m.)T 

Group 1 

158528 0.288 0.7165 +1 43 490 

158529 0.310 0.7171 +1 22 206 

158530 0.996 0.755641 47 149 

Group 2 

117991 0.787 0.7413 +1 91 336 
. 117992 0.898 0.7471 +1 98 315 

117993 0.945 0.7521 +1 95 294 

Group 3 

158509 0.901 0.7495+1 68 220° 

158526 5.84 1.013342 139 71 

158526A 3.36 0.8807 +1 93 82 


*Determined by X-ray fluorescence, average precision +1 %. 
+Mass absorption coefficients estimated from background; con- 
centration data ~ +5%. 
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Fig. 1 Simplified geological sketch map of Isua area, after Allaart?:4 with specimen localities shown. 


of the conglomerate beds. The muscovite schists are now 
regarded as belonging to the same suite of acid, voleanogenic 
rocks as the conglomerate. They may be derived from acid lavas 
that were the source rocks for many of the boulders found in the 
adjacent volcanogenic conglomerate. ' 

Table 1 shows Rb-Sr whole rock analytical data on three 
samples from each of the three groups listed above. Full details 
of chemical and mass-spectrometric techniques have been 
described elsewhere®. Rb/Sr ratios were determined by a 
precise X-ray fluorescence technique®. The decay constant of 
Rb was taken as 1.39 x 1071 yr—, 


Fig. 2 Rb-Sr whole rock isochron plot for Amitsoq gneisses 

from Isua. ©, Gneissic veins cutting supracrustals (Group 1, 

Table 1) and Gneisses far away from contact with supra- 

crustals (Group 2, Table 1). +, Gneisses from near contact 

with supracrustals (for full details and analytical data, 
see ref. 6). 
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The groups are rather small to be treated individually but 
may be regressed in combination with each other and with 


published data. Groups 1 and 2, respectively representing , 


gneissic veins cutting supracrustal rocks and Amitsoq gneiss 
well away from the contact, give a combined isochron áge of 


3,750+200 Myr (all errors on ages quoted at 20), and initial ` 


*’Sr/®8Sr of 0.7008 +14 (also quoted at 20). The isochron fit is 
not perfect and analytical errors would have to be magnified by 
a factor of 3 to achieve perfect fit. When these data are regressed 
together with a published 7-point whole-rock isochron® of 
3,780+130 Myr and initial *’Sr/*Sr ratio of 0.6998-412 for 
Amitsoq gneiss from close to the margin with the supracrustal 
rocks, the combined data yield an isochron giving an age of 
3,720+60 Myr and initial ®’Sr/®*Sr ratio of 0.7008-46 (Fig. 2). 
This demonstrates that the gneissic veins of Group 1 and the 
Amitsoq gneisses were formed within a period covered by the 
analytical error on each rock suite. We, therefore, consider 
them to be contemporaneous and that the Isua supracrustals 
pre-date the Amitsoq gneiss. 

The three samples of Group 3 yield an isochron with an age 
of 3,760+70 Myr and initial ®’Sr/8*Sr of 0.7014-+15. When 
regressed together with five out of six published analyses® on 
the probably closely related (see above) boulders and matrix 
from the Isua conglomeratic unit?:4:?7, the combined isochron 
gives an age of 3,740 +60 Myr and initial 87Sr/86Sr of 0.7015-+17 
(Fig. 3). (The omitted sample from ref. 6 is 158538.) The six 
published analyses gave an errorchron of 3,860 +240 Myr, with 
an intercept of 0.675 +408. The far more precise results reported 
here are due to the much greater range of Rb/Sr ratios for the 
combined data, as well as the omission of one of the published 
values. The revised age agrees well with a Pb-Pb isochron age of 
3,760+70 Myr for the banded iron formation member of the 
Isua supracrustal sequence. 
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The following principal conclusions may be drawn from these 
data. First, gneissic veins which intrude the Isua supracrustal 
sequence yield Rb-Sr whole rock ages indistinguishable from the 
surrounding Amitsoq gneisses. Together with fragments of 
greenstone belt-type lithologies (Akilia association) enclosed in 


Amitsoq gneisses elsewhere in the Godthaab district! the Isua © 


supracrustals are the oldest rocks recognised in the Archaean of 
West Greenland. 

Second, the Isua supracrustals and surrounding Amitsoq 
gneisses are all between ~ 3,700 and 3,800-Myr-old, although 
the actual age difference between the two rock units is probably 
too small to resolve by Rb-Sr and Pb-Pb whole-rock age 
methods. U-Pb methods on zircons may offer more hope in this 
respect!212, Thus, a U-Pb zircon date of 3,600.50 Myr has 
been reported on Amitsoq gneisses from the Godthaab area”, 
whilst a U-Pb zircon date of 3,824 (+12 or —9) Myr has been 
reported from metavolcanic boulders in a large conglomeratic 
unit within the Isua supracrustals!?. Unfortunately, no zircon 
U-Pb dates have yet been published for the Amitsoq gneisses 
at Isua. 


0-7015*0-0017 
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Fig. 3 Rb-Sr whole rock isochron plot for Isua supracrustal 

rocks. ©, Schists (Group 3, Table 1). x, boulders and matrix 

from conglomeratic unit (for eo and analytical data, see 
ref. 6). 


Finally, initial °’Sr/**Sr ratios are in the range ~0.700-0.702 
and suggest, in agreement with previous views!*+!*, that the 
precursors of these early Archaean rock units had not existed 
with average crustal Rb/Sr ratio for more than about 100 Myr 
before the measured age. 

We thank R. Goodwin and M. Humm for technical assist- 
ance; the Natural Environment Research Council and the 
Geological Survey of Greenland for support. 
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Laser speckle 
photography in a fluid medium 


A TECHNIQUE for obtaining quantitative velocity data from 
hydrodynamic flow fields using laser speckle photography (LSP) 
has been developed and uses the scattered light from the interior of 
a suitably seeded liquid which is illuminated by a coherent beam 
from a pulsed ruby laser. The resulting speckle pattern can be 
photographed on high resolution film. A doubly exposed photo- 
graph of the correlated speckle patterns produced by fluid dynamic 
motion contains all the information necessary to describe the 
motion throughout a selected plane. When the speckle photo- 
graphs are optically interrogated distinct fringe patterns are 
produced whose geometries are related to the velocity field. Here 
we describe how a Poiseuille flow was used to demonstrate this 
novel technique. Doubly exposed speckle photographs and typical 
fringe patterns illustrating the velocity distribution are given, 
analysed and compared with the classical theory. 

The LSP technique has been used since 1969 almost exclusively 
for various applications to surface metrology'’—*. Barker and 
Fourney* have extended the method to measure displacements in 
the interior of a transparent solid by recording side-scattered light 
from an illuminated domain. With lasers of conventional power 
such recordings require very long exposures. Consequently, the 
few applications reported so far have examined only imposed 
static strains. The basic difference between that work and the 
present application to fluids is that the latter is truly dynamic 
involving moving liquids rather than static solids. 

The extension of side-scattering speckle techniques to 
fluid dynamic situations has been achieved by using a double 
pulsed Q-switched ruby laser and a suitably seeded medium. The 
experimental arrangement used to record speckle photographs of 
the flow field is shown in Fig. 1. The beam from a ruby laser, which 
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Fig. 1 Experimental arrangement for side-scattering LSP. 
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delivers 2—4 J in each 20-ns pulse, is condensed by lens Ly. A 
negative lens L, is placed ahead of the focal point of L,. From the 
virtual focus of Lz the beam is expanded and collimated into a 
vertical planar sheet about 40 mm high and 1-1.5 mm thick by the 
cylindrical lenses C; and C2. A slit may be inserted at the 
observation cell to assure a beam of uniform | mm thickness, but is 
not essential. The above arrangement of optical components 
specifies the interior plane of study and optimises the amount of 
light available to be side-scattered from the flow field. 

To demonstrate the technique, a Poiseuille flow was established 
in a quartz tube using glycerine seeded with a minute quantity of 


Fig. 3 Comparison between the LSP data and the classical Pois- 
euille theory.O, Q=0.53mls—!,At= 10ms; @, QO = 0.264 
mi s™!, Ar = 10 ms. 
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Fig. 2 Typical laser speckle photograph 
and diffraction fringe patterns from radial 
locations as shown; a, r/R=0; b, 
r/R = 0.32; ¢,7/R = 0.53: d,r/R = 0.74. 


white latex paint (~ 0.0] ml per 1). Refraction effects due to the 
curvature of the tube were minimised by enclosing the illuminated 
portion in a liquid gate filled with an index matching fluid. The 
correlated speckle patterns were recorded on Agfa-Gevaert 10E75 
high resolution film. Double-exposed speckle photographs, with 
time separations of 10-15 ms were recorded at a magnification m 
of 2.1 and lens apertures between /2.8 and /4. At the ruby 
wavelength 4 = 694.3 nm, the Rayleigh resolution criterion 


— 124f( +m) 


77 


S0 


(1) 


estimates the speckle size in the object plane to be 3.4 um and 
4.9 um for the apertures quoted above. These speckles form a very 
fine random grid which moves with the medium in the illuminated 
plane. Therefore, a double-exposed photograph of the side- 
scattered light contains two correlated grids which can be analysed 
as a non-uniform diffraction grating. This technique can be used 
successfully only where the displacement between exposures is 
greater than the speckle diameter, but not so great as to destroy 
correlation. In this study, which included more than the two 
examples discussed here, the displacements that were most readily 
resolved ranged between 2 and 20 speckle diameters. 

Figure 2 shows a typical double-exposed speckle photograph, 
and several diffraction fringe patterns which were obtained by 
interrogating it at various radii across a diameter of the tube. The 
interrogation was accomplished by illuminating the speckle 
photograph with a narrow beam of coherent light which diffracts 
into a pattern of Youngs fringes. The spacing and orientation of 
the fringes are related to the displacement field at the point of 
interrogation. Specifically, the displacement of the medium, d, is 
related to the angular spacing of the fringes, «, and the magnifi- 
cation, #7, by 


sina = A/din | (2) 


where « ts the wavelength of the interrogating beam. In addition, 
the displacement vector in the illuminated plane is always normal 
to the direction of the diffraction fringes at each point. Because 
Poiseuille flow is steady and unidrectional, the fringes are 
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everywhere perpendicular to the tube axis and the spacing varies 
continuously and identically across any diameter. In general, in 
flow-fields which are not unidirectional the fringe patterns will be 
less regular. 

Analysis ofa series of diffraction patterns across a diameter gives 
the fluid displacement as a function of radius, r. Thus the velocity 
distribution can be obtained directly since the pulse separation is 
known. Figure 3 gives the velocity, r, for two time separations and 
flow rates, Q, compared with the classical distribution 


2 az 


where R is the radius at the wall. The agreement between the LSP 
data and the classical theory is very good over most of the tube 
diameter. Near the walls, however, positional errors due to 
refraction are apparent because of the 0.7% refractive index 
mismatch between the fused silica and the glycerine. 

The side-scattered LSP technique therefore offers an attractive 
alternative to the existing methods of studying fluid dynamic flow 
fields. In contrast with conventional interferometric techniques, 


side-scattered LSP measures the velocity field explicitly, and can’ 


examine a uniquely defined interior plane rather than integrating 
the results through the entire volume thickness. 
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‘Mean residence times 
in continuous flow systems 


INDIVIDUAL elements of a material which enters a system at a 
constant rate, resides for some time, and then leaves, can take 
different paths through the system, travel at different speeds, 
and be delayed for many reasons. For example, by diffusing into 
stagnant zones, or by transferring, perhaps across a membrane, 
into a separate phase, they may take part in any activity that 
does not destroy them which does not preclude chemical reaction 
where atoms of flow material (which may be combined in any 
way with other components in the flow streams) are being 
considered. The process must, however, be a steady-state one, 
which implies that the quantities of material or ‘holdups’ in all 
parts of the system do not vary with time, and that the rate at 
which material leaves the system is equal to its rate of entry. 
As an example, we could consider a stretch of river swept by 
water, or an effluent component in the water; or a continuous 
chemical reactor into and out of which a conserved material 
(atoms or ions perhaps) flows at a constant rate; ora respiratory 
system, fed with oxygen which is transported to the various 
parts of the body before leaving in part as carbon dioxide. At 
first sight it seems unlikely that quantitative deductions of the 
behaviour of so abstract a structure are possible; however, one 
such deduction has been made’, and this letter reports another. 

The residence time distribution, f(r), of the material com- 
ponent considered, completely defines the general system: 
thus, the fraction of key material leaving the system, that 
has resided in the system for a period of time in the interval 
(t, t+dft), is f(¢)dt. Buffham? has generalised a well established 
result for simple flow systems, showing that the mean residence 


Q f@ Q 


Fig. 1 Block diagram for the general system: the steady flow 
rate of the key material component is Q and its residence time 
distribution is f(t); its total holdup in the system is H. 


time of material, u, is independent of the internal characteristics 
and always equal to the ratio of total holdup of the material to 
its overall flow rate through the system. Figure 1 and equation 
(1) summarise this. 


= Í if(Nat = H/Q (1) 


Obvious uses of this are in the measurement of the holdup 
of the component, or its overall flow rate, where the residence 
time distribution can be determined by tracer techniques’, 
but its usefulness goes well beyond these direct applications. 
For example, it has been central to the development of a model- 
independent theory of chromatography! which supercedes 
previous treatments, based on specific models of the chromato- 
graphic process, by obviating the restrictive assumptions on 
which those are founded. 

We shall now use the basic relationship shown in equation (1) 
to make deductions about arbitrarily defined internal regions 
of the general system; a more complete proof of the final 
result, equation (2), will be published elsewhere. 

Consider the general system divided into # regions having 
holdups of the key flow material h1, Wy... An where 


Lh =H 
i 


The residence time distributions of the material in those regions 
is denoted by f,(t), fo(t).. . . fa(t) respectively. In general, an 
element may enter a region any number of times; however, 
periods of residence that make up these distributions refer to total 
times spent by elements in the respeetive regions beforethey leave 
the system. The period of residence of a material element in the 
system will be the sum of its residence times in the n regions. 
Assuming these separate periods of residence to be independent 
of each other (and it is difficult to think of a steady-state system 
where this condition is not satisfied), then the distribution of the 
sum of residence times in the various regions, f(t), may be 
obtained by convolution®. Thus the »-fold convolution 


H A, An? 
f(t) a f “6 J fn (t— A1) fn- (Ài — Ào) 
j 00 0 
ees fakes a— Ane DA An D dr» 1 dÀ pn- Been dA, 


gives the total residence time distribution. This relationship ‘is 
represented by Fig. 2 which is thus equivalent to Fig. 1. 


Fig. 2 Block diagram of the general system that is equivalent, 
for residence time distribution purposes, to Fig. 1. 
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Fig. 3 Examples of simple continuous flow systems for which 

the general relationship of equation (2) may be readily verified 

for the shaded regions. Squares and rectangles represent per- 
fectly mixed and plug-flow regions respectively. 


Equation (1) may now be applied to any of the blocks of Fig. 2 
with the result 


fie j tf, (®©) dt = hQ (2) 
oe T 


which states that the mean residence time of materia] in any 
region of the system is equal to its holdup in that region divided 
by its overall flow rate through the system as a whole. 

This simple result is rather surprising. Figure 3 shows some 
trivial examples for which it may be readily verified for the 
shaded regions: although in each case, the residence time distri- 
bution of flow material in this region depends on the internal 
flow rate, q, the mean residence time does not and is given by 
equation (2). 

These examples cease to be trivial if arbitrary mixing patterns 
are allowed in the regions as well as additional connections 
between them. Hence, Fig. 3a and b may well model the 
stretch of river referred to earlier with the shaded areas repre- 
senting a relatively stagnant backwater; regardless of the 
descriptive complexities of such a system, equation (2) will 
hold for both regions and could be applied, say, to making a 
first estimate of the consequences of an upstream effluent 
discharge on the ecology of the backwater. Another application 
could be in predicting the exposure of various regions of a 
system to a radioactive tracer introduced, for diagnostic 
purposes, into a flow stream to which they may be only indirectly 
connected: numerous systems, including physiological ones, are 
frequently tested in this way. 
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Centroceras, the 
‘missile’-launching marine red alga 


VEGETATIVE reproduction by specialised structures is very 
rare in the red algae. Dixon’ has listed two cases among 
freshwater species and two unconfirmed reports from the 
nineteenth century among marine species. I report here 
that the marine red alga Centroceras produces missile-shaped 
propagules which are carried away by ocean currents. 

Although recorded only six times since its discovery in 
the Red Sea in 18497"*, Centroceras seems to be quite 
common in the epiphytic community of the leaf surfaces 
of seagrasses, and to a lesser extent, larger attached algae. 
It is, however, inconspicuous due to intensive grazing by 
the many herbivorous fish of the region. 

‘Clean-looking’ Halophila stipulacea (Forssk.) Aschers, 
plants were cultured in the laboratory. Undisturbed by fish, 
the epiphytic algal rudiments attached to the leaves deve- 
loped within 4d to give a luxuriant growth clearly visible 
to the naked eye. Among the algae isolated from this growth 
was Centroceras. (The Red Sea populations have usually 
been referred to as C. clavulatum (C. Ag.) Mont.™®-! or 
Ceramium clavulatum*’.) Our Centroceras plants differed 
from other C. clavulatum populations in showing : (1) two 
branching patterns at the apex regions (Fig. 1); (2) limited 
growth of lateral branches while attached to the parent 
plants; (3) unpigmented cortical cells of the lowermost 
internode of the lateral branches; (4) rhizoids just above the 
first node of the lateral branch, and (5) missile-shaped lateral 
branches that dropped off and were carried away as pro- 
pagules. 

When they reached the bottom of the culture dish, the 
propagules resumed growth, attached themselves to the 


Fig. 1 Monopodial unilateral branching of “missile’-bearing 
branch of Centroceras from the Red Sea. Scale bar, 250 um. 
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substrate by rapid elongation of their rhizoids and elongated 
rapidly. Within a few days, sometimes as soon as 4d, the 
developing plants were large enough (7-10 mm long) to pro- 
duce ‘missiles’ of their own. A great many such ‘missiles’ 
were produced by one parent plant. 

Attempts to find ‘missile’-bearing plants of Centroceras 
in Halophila beds failed as no Centroceras growth could be 
detected on the leaves. But it was found on leaves of another 
seagrass, Thalassodendron ciliatum (Forssk.) den Hartog. 
Unlike Halophila, T. ciliatum has leaves which are largely 
horizontally orientated, often forming a close canopy which 
prevents fish from reaching the lower leaves and facilitates 
undisturbed development of epiphytic algal growth. 

In the sea the numerous tiny ‘missiles’ produced by 
Centroceras plants which escape the teeth of fish, would be 
carried away easily by currents and spread over large areas, 
to settle on leaves of seagrasses and other suitable surfaces. 
They serve both as long-range dispersal units and as a 
means to ensure quick development of the future plant 
which in a very short time produces new dispersal units, 
before falling prey to grazing fish. There are many species 
of herbivorous fish in tropical seas, and it may be assumed 
that the production of the missile-shaped propagules by 


Centroceras in the Red Sea and probably in other areas . 


of the Indopacific region, evolved ‘as a result of heavy 
grazing pressure. 

In that case, other delicate algae of similar habitats there 
and in other tropical regions can be expected to have 
reacted to grazing pressure by producing specialised vegeta- 
tive reproductive structures yet to be discovered. ; 
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Phytochrome-regulated 
organogenesis in lettuce tissue culture 


LicuT intensity and daily photoperiod are known to affect 
organ development in tissue culture’, but little information 
is available on the spectral region influencing organogenesis. 
Studies with tobacco callus have shown that shoot initiation 
is enhanced by blue light?’* and that red light has no in- 
fluence. Red light, on the other hand, promotes callus 
growth and adventitious bud formation in some species*** 
and induces the elongation of endogenous buds in cultured 
root segments of Convolyulus arvensis L.°. The latter pheno- 
menon is regulated by phytochrome’®. In the culture con- 
ditions described here, lettuce cotyledon cultures develop 
well-formed shoots under daily (16-h photoperiod) irradia- 
tion from broad-band emitting fluorescent lamps. Dark- 
grown control cultures, on the other hand, form significantly 
fewer shoots. We describe here the enhancement of shoot 
formation in lettuce cotyledon cultures by red light and 
demonstrate that organogenesis is under phytochrome 
control’. 

Explants (3x2 mm) from the distal regions of the cotyle- 
dons were obtained from dark-grown, 5-d-old germinated 
seeds of Lactuca sativa var. ‘Black Seeded Simpson’. 
Excision and planting were done under low intensity 
(~4.5 W cm™’) 504-nm light to which the cultures are not 
sensitive. The explants were grown on MS salts? supple- 
mented with indole-3-acetic acid 1 mg 17’, kinetin 0.5 mg I”, 
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Table 1 Red/far-red reversible effects on shoot formation and callus 
growth in lettuce cotyledon cultures 


Treatment Sample No. of shoots per Callus weight (g) 
size culture per culture 
Expt 1 
Control (no light) 55 6.34+0.56 2.25+0.21 
5 min R per d 30 16.96 +0.78* 3.25 +0.23ł 
5 min R+5 Min 
FR per d 27 6.48 +0.92 1.70-+0.32 
Expt 2 
Control (no light) 85 3.02+0.18 2.76+0.19 
5 min R perd 29 6.21 +0.47* 4,15+0.24§ 
5 min R+5 Min 
FR per d 28 4,04+0.39F 2.20+0,.29 
Expt 3 
Control (no light) 29 3.69 +0.35 3.01 +0.23 
5 min FR per d 25 3.80+0.33 2.26-+0.20]| 





Lettuce cotyledon cultures were exposed to the indicated conditions 
for 35 d before data collection. R, 240 pW cm~? 660 nm light; FR, 
680 W cm~? 740 nm light. Errors represent+1 s.e.m. Statistical 
significances given in comparison with control values. 

*0.001 > P (Smirnov test). 

0.05 > P > 0.01 (Smirnov test). 

{0.01 > P > 0.001 (t-test). ' 

§0.001 = P (t-test). 

0.05 > P > 0.01 (ż-test). 


adenine sulphate 40mgl', thiamine-HCl 0.1 mgl", 
nicotinic acid 0.5 mg1™, pyridoxine-HCI 0.1 mg 17>, glycine 
2 mgi', myo-inositol 100 mg 17’ and sucrose 30 g 1” (ref. 9). 
Before addition of Bacto-Agar (Difco) 10 g17', the medium 
was adjusted to pH 5.8. The 660-nm red light source was 
described previously’. The far-red source was a narrow-band 
emitting fluorescent lamp with peak emission at 744 nm 
(Phosphor E-5346, GTE) from which light below 700 nm 
was absorbed by FRF-700 plexiglass filter (Westlakes 
Plastics). 

Table 1 shows the results of 5-min daily exposures of 
lettuce cotyledon cultures to 660 nm, 740 nm, or 660 nm fol- 
lowed immediately by 740 nm light. After 35d, red light 
caused a 2- to 2.5-fold increase in the number of shoots 
and a 1.5-fold increase in callus weight compared with 
control cultures not exposed to light. Far-red light had no 
effect on the number of shoots produced but decreased the 
callus weight slightly. Red followed by far-red light 
reversed the red light effect on both shoot formation and 
callus growth. These results demonstrate that both increased 
shoot formation and callus growth are regulated by the 
low-energy phytochrome photoreceptor system. 

The above data do not indicate at what stage of shoot 
development red light is effective. For example, light may 
simply cause elongation of shoots from pre-existing buds as 
is the case with Convolvulus arvensis’. To examine this 
point, both bud and shoot formation were observed at an 
earlier stage of development. Table 2 shows that red light 





Table 2 Red light-induced bud and shoot formation in lettuce 
cotyledon cultures after 14 d of exposure 





Sample 

Treatment size No. of buds No. of shoots 
Expt 1 

Control 30 11.23 +0.74 1.47 +0.22 

5 min R per d 26 20.34-+1.14 3.00 +0.34 
Expt 2 

Control 7 10.00 +0.82 1.29 +0.52 

5 min R per d 23 20.83 £1.29 3.09 +0.42 





Conditions were as in Table 1. 
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doubles the number of buds as well as shoots present in 
the cultures after only 14d of exposure. Thus, light regula- 


tion of shoot production occurs at the bud stage of develop-: 


ment and perhaps at the bud initiation stage. 
To our knowledge this report is the first demonstration 
of phytochrome-regulated shoot morphogenesis in a tissue 


culture system. Lettuce cotyledon cultures, then, may serve `` 


as a useful, simple, model system for investigating the 
molecular mechanisms involved in phytochrome regulation 
of organogenesis. 
P. KADKADE 
M. SEIBERT 
GTE Laboratories Inc., 
Waltham, Massachusetts 02154 
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Graded localisation of naming from 
electrical stimulation 
mapping of left cerebral cortex 


APPLYING a weak electric current to the cerebral cortex of awake 
neurosurgical patients is an established method for mapping 
language zones on the basis of stimulation-evoked errors. Two 
new findings are reported here—the topographical extent of 
language cortex in an individual subject can be wider than that 
proposed in the classic maps, and, within this zone different sites 
are variably committed to language as measured by the naming 
function. 

Naming errors evoked by electrical stimulation of the brain in 
the presence of a retained ability to speak are useful indicators of 
the language function of focal areas of cortex. Weak electric 
currents at levels below that which produce after-discharges, de- 
activate a limited-area of cortex abruptly and reversibly, not 
allowing the brain sufficient time to either compensate or re- 
organise. Furthermore, research on aphasia has established that 
lesions to any part of the language system will cause anomia, or 
naming errors. 

In the most extensive studies of stimulation mapping of the 
cerebral cortex, Penfield and Roberts! reported aphasic-like errors 
from the classical left hemisphere language zones; these errors 
included distortion and repetition of syllables and words, con- 
fusion of numbers while counting, inability to name with retained 
ability to speak, misnaming and perseveration. What is not 
generally recognised, however, is that Penfield and Roberts only 
elicited a total of 132 aphasic errors in 110 patients; of these errors, 
19 were misnamings and 51 were omissions with retained ability to 
speak, the two error categories most representative of anomia. 

More recently, Fedio and Van Buren? recorded naming errors 
from left hemisphere stimulation in 19 patients; in their series, a 
total of 87 naming errors, primarily omissions, were observed, 
again clustering in the classic language zones. The small number of 
sites sampled in any one patient again precluded analysis of the 
extent and the variability of language representation in the lateral 
cortex of the individual. 

In this report we address two related questions. First, the 
Penfield and Roberts composite map, derived from pooling the 
stimulation-error points across subjects, covers a large area of the 
left hemisphere; is any single individual’s language cortex this 
extensive? Second, are specific areas of cortex within the zone 
equally involved in language function in a particular individual? 

Data bearing on these questions were obtained from three adults 
with psychomotor seizures from left temporal or left temporo- 
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parietal foci of early childhood onset. The persistence of the . 


seizures despite anticonvulsant therapy indicated surgical treat- 


- Kadkade, P. G. & O’Connor, H. J. Tappi Conf. Papers book. 71—75 (1977). , 
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ment. Pre-operative intracarotid sodium Amytal testing, which 
measured naming, reading and short-term verbal memory, iden- 
tified the left hemisphere as the dominant one for language in all 
three patients. 

The left fronto-temporo-parietal cortex was exposed at oper- 
ation under local anaesthesia. Corticography was used to locate 
the epileptic focus; after that motor and sensory responses to 
stimulation mapped the Rolandic cortex, which is indicated by 
stippled circles on the left hemisphere tracing in Fig. 1. Language 
testing followed, using a set of achromatic slides, each one a line 
drawing ofa different common object such asa bell, a hand, acar,a 
ring, with the words ‘That is a’, or ‘This is a’, printed above. The 
slides were projected at a constant rate, 4 or 5s depending on 
each patient’s ease of responding in the test-operative situation. 


The patient was required to say the words, for example ‘This is a’, 


and then to name the object. Testing was carried out in the patient’s 
native language: English for number 1 and no. 3, Dutch for no. 2. 

Stimulation was delivered through bipolar silver ball electrodes, 
5mm apart. The stimulations were bi-phasic square wave pulses, 
2.5 ms total width at 60 Hz, delivered from a Nuclear Chicago 
constant current stimulator. The current levels were determined 
for each patient to be below the threshold for after-discharges in 
epileptic cortex and below the level of sensation in sensory-motor 
cortex. The current level for patient 1 was 7 mA in all sites, for 
patient 2, 8 mA in all sites. For patient 3 it was necessary to use a 
lower current in the epileptic cortex, 3 mA in the anterior temporal 
lobe and 4 mA in the posterior temporal lobe; 6 mA were used in 
the frontal and parietal lobes. Current was delivered in stimulation 
trains of the same duration as the naming slide presentations, 
initiated and terminated when the slide projector changed. 

A grid pattern of sterile numbered tickets was laid out on the 


Fig. 1 ` Results from naming error tests depicted on left hemisphere 
angiogram tracings. Solid circles indicate points at which stimulation 
always produced.a naming error in that patient. Shaded circles, points 
at which stimulation variably produced naming errors at least half of 
the time. A 50% error rate was chosen as the cut-off point because a 
lower error rate (given the small number of samples per site) could not 
unequivocally be distinguished from the non-stimulation control 
trial error rates. The control trial error rate for patient 1 was 12.8%, 
for patient 2 was 15.5% and.for patient 3 was 14.1%. Sites which had 
stimulation error rates of less than 50% are indicated by an open circle 
containing an asterisk. Blank circles indicate sites at which stimu- 
lation never produced a naming error in that patient. 
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exposed cortex of each patient. For patient 1, 28 sites were selected, 
for patient 2, 23 sites were selected and for patient 3, 26 sites were 
selected. These sites are indicated in Fig. 1 by open and filled 
circles. The mean number of stimulation samples per site was 2.3 
for patient 1, 2.2 for patient 2 and 3.1 for patient 3. No site was 
stimulated consecutively; stimulation was not applied during 
consecutive naming slides. Stimulation was applied to a site only if 
the immediately preceding object had been named correctly. Non- 
stimulation control trials were determined by the same criterion, 
the immediately preceding object had been correctly named. 

We elected to score the errors conservatively, counting only 
omissions and substitutions, and disregarding both hesitations 
and slurring. If the correct name was spoken before the slide 
changed, it was counted as a correct trial; if the correct name was 
spoken after the slide changed, and therefore after stimulation had 
stopped, it was counted as an error. Substitutions, such as calling a 
‘fork’ a ‘spider’, were counted as errors. Patient | made only one 
substitution error. Patient 2 made six substitution errors (one of 
which was the use of an English word for the object instead of the 
Dutch word). Patient 3 made 17 substitution errors, the only 
patient of the three who made a large number (43%) of this type of 
error. In all three patients, 197 stimulations were done at 77 sites, 
eliciting a total of 99 errors. 

The results are depicted on the left hemisphere tracings for each 
patient in Fig. 1. These tracings were made directly from the 
venous phase of the angiograms; the sites were located in relation 
to the cortical veins, using colour photographs taken at the time of 
the language testing. The data provide an answer to the first 
question: in each case it was possible to find language functioning 
cortex throughout the extent of the left hemisphere exposure. 
Although this observation must be qualified by the fact that these 
are patients with long-standing epileptic foci, it seems reasonable to 
conclude that an individual’s language system may occupy a very 
large extent of the lateral cortex, including the classical language 
zones derived from pooled data from many subjects. Indeed, our 
data show an even wider language zone than that proposed by 
Penfield and Roberts in that we find numerous language sites in the 
parietal operculum and mid-frontal and mid-parietal lobes. The 
answer to the second question seems to be no; the language 
function does not seem to be equally distributed throughout the 
left hemisphere. We repeatedly observed instances of a naming 
impairment on all stimulations at one site, and only partial or no 
impairments on all stimulations at an adjacent site, as represented 
in Fig. 1. The data suggest hypotheses of theoretical interest. If the 
patterns seen in these patients are indicative of language repre- 
sentation in non-epileptic left hemispheres, and there is no reason 
to assume that the non-epileptic cortex in these patients is 
abnormal, it is reasonable to infer that there is a marked degree of 
individual variation from one person to the next. Ifthat inference is 
valid, it provides an obvious explanation for both the variety of 
aphasic symptoms and the variability of recovery of function 
which follow seemingly similar brain lesions. 

This research was completed while H. A. W. was a Sentor 
Research Fellow in the Department of Neurological Surgery, 
University of Washington, supported in part by an NINCDS 
Fellowship (1-F32-NS05580-01) and the University of Rochester, 
Rochester, New York. G. A. O. is supported in part by a USPHS 
DHEW grant (NS 04053) and is an affiliate of the Center for Child 
Development and Mental Retardation, University of Washin- 
gton. 
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Infective Theileria annulata in 
the tick without a blood meal stimulus 


THE agent of bovine tropical theileriosis, Theileria annulata, 
occurs in southern Europe, North Africa and most of Asia. 
The disease causes high mortality and reduced yield of meat 
and milk in the survivors. In enzootic areas theileriosis prevents 
the introduction of improved stock which are in most cases very 
susceptible. The work described here is part of a programme for 
improving the effectiveness of the vaccines now used for partial 
control of the disease. Theileriosis is transmitted in nature 
mainly by adult ticks that acquire their infection in the pre- 
imaginal stages. Adults become infective after feeding for a 
minimum of 2 d either on the susceptible bovine host or on a 
non-susceptible mammal like the rabbit!. As parasites can 
already be seen in the salivary glands of unfed adult ticks that 
are not infective?’*, it has been assumed that a blood meal 
provides the biological stimulus for the development of 
infectivity. In attempting to determine the factors other than, 
feeding, that might stimulate the production of infective stage(s) 
of T. annulata, J have found that a temperature of 37 °C and a 
relative humidity (RH) of 95 % is in itself sufficient to stimulate 
the production of infective parasite forms in infected adult 
Hyalomma excavatum ticks without the need for a blood meal. 

Engorged nymphs of H. excavatum that were fed on a calf 
infected with T. annulata were maintained at 28 °C and 65% RH 
for 6 weeks and the adults that developed were kept for 
3 months at 13 °C and 65% RH and served as the tick material 
for this study. When the adult ticks were allowed to feed for up 
to 2 d on susceptible calves, the animals were not infected, nor 
were calves which were injected with the homogenate of these 
ticks. Calves contracted theileriosis only after ticks had fed on 
them for 4-5 d, or after being injected with the homogenate of 
these ticks. 

One hundred and thirty ticks from the same batch, enclosed 
in wire net containers covered with nylon net which prevented 
them from feeding, were placed in ear bags on a susceptible calf. 
After 2 d 65 of the ticks were transferred to the earbags on 
another susceptible calf for 24h, during which time 38 ticks 
attached. The calf remained free of theileriosis. After 6 d the 
53 confined ticks remaining on the initial calf were removed 
from the earbags, homogenised and injected into a fresh calf 
which died with fulminating theileriosis. 

Unfed adult ticks were transferred from 13 °C and 65% RH 
to an incubator maintained at 37°C and 95% RH for 6 d. 
The homogenate of 56 such ticks caused lethal theileriosis when 
injected into a susceptible calf. Unfed ticks which were kept at 
13 °C, or ticks allowed to feed on calves for up to 2 d, did not 
transmit theileriosis either by bite or by needle inoculation. 

From these results it seems that a temperature of 37 °C for 
several days, possibly coupled with high relative humidity, 
stimulated the non-infective particles of T. annulata in the 
salivary glands of the unfed Hyalomma ticks to become 
infective without the previous stimulation of feeding. These 
findings might explain the results of Mazlum? who was able to 
transmit T. annulata by injecting unfed infected adult H. drome- 
darii into cattle. Although Mazlum gave no explanation for his 
unexpected results, the fact that his ticks had been reared at 
32 °C and 70-80% RH might have been a significant factor in 
the experiment. 

The unsuccessful attempt by Nuttal and Hindle® to transmit 
Theileria parva by keeping unfed Rhipicephalus appendiculatus 
ticks at 37 °C for 3 d and feeding them on cattle for an additional 
2 d, might be related to the species of ticks and the Theileria 
that they studied. The possibility that body temperature of the 
host, rather than tick feeding per se might be responsible for the 
appearance of infectivity in some tick-borne diseases is supported 
by the finding® that infective forms of Babesia bovis can be 
produced in unfed Boophilus microplus larvae by keeping them 


at 37°C. An elevation in temperature not only causes the 
appearance of infective particles, but also activates the ticks in 
general. 

Failure to prevent theileriosis in hot climates by dipping 
cattle in acaricides every 3 d or even daily’ might possibly be 
explained by the rapid appearance of infective particles in ticks 
exposed to high ambient temperatures, even before they have 
had a blood meal. 
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Endosymbiont as supplier of ornithine 
carbamoyltransferase in a trypanosomatid 


In spite of the widespread occurrence of intracellular 
bacteria-like symbionts in eukaryotic cells little is known 
about their function’. They are generally thought to offer 
some advantage to the host cell while benefiting from its 
‘hospitality’, but their precise contribution is known in few 
cases. Flagellates that harbour endosymbionts provide excel- 
lent models for the analysis of this relationship. Three 
trypanosomatids, Crithidia oncopelti, C. deanei and 
Blastocrithidia culicis harbour endosymbionts whose 
bacteria-like nature has been confirmed morphologically 
and biochemically**. Unlike symbiont-free species’, those 
species do not require haemin for growth because the endo- 
symbionts provide haemin-synthesising enzymes’. We now 
report that endosymbionts enable certain species of Crithidia 
to synthesise arginine from ornithine. 

Although. ornithine carbamoyltransferase (OCT) is 
characteristically absent from Crithidia, it is present in 
species harbouring symbionts (Table 1). OCT catalyses the 
first step in the synthesis of arginine from ornithine—the 
synthesis of citrulline from ornithine and carbamoyl phos- 
phate. Because of its absence,. endosymbiont-free Crithidia 
have an absolute growth requirement for arginine or 





Table 1 Ornithine carbamoyltransferase in Crithidia 


Organism Enzyme 
specific activity 
C. fasciculata (ATCC 11745) 0 
C. acanthocephali (ATCC 30251) 0 
C. harmosa (ATCC 30256) 0 
C. lucillae (ATCC 14765) 0 
C. deanei (ATCC 30255) 300 
C. deanei without symbiont 0 
C. oncopelti (ATCC 30264) 210 
C. oncopelti without symbiont 0 





Cells were grown in a undefined medium’. Cell homogenates were 
obtained by sonication. OCT was determined as before!®. The assay 
mixture consisted of 40mM Tris-HCl buffer, pH 8.5, 16.6 mM 
L-ornithine, 16.6mM carbamoyl phosphate and 0.8 mg of enzyme 
protein in a final volume of 0.3 ml. After 15 min of incubation at 
37 °C, reactions were stopped by addition of 5% trichloroacetic acid, 
and the citrulline formed was measured in the supernatant by the 
Archibald’s method?*. Results are expressed in nmol of citrulline per 
mg of protein per min. Crithidia deanei without symbiont was 
obtained from Drs I. Roitman and M. Mundim, University of 
Brasilia. C. oncopelti without symbiont was obtained from Dr K. P. 
Chang, Rockfeller University, through Dr Roitman. 
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Table 2 Growth of three species of Crithidia in various media 


Organism C. deanei C. fasciculata C. acanthocephali 
Cells Cells Cells 
Medium GT perml* GT perml GT permi 
RDM 8 6x10 0 0 0 0 
RDM+Om 65 4x10’ 0 0 0 0 
RDM-+ Cit 9 7x10 10 4x10 65 36x10 
RDM+Arg 65 7x10’ 10 45x10 6.5 4x10’ 


RDM, Roitman’s defined medium?’ without arginine. RDM+ Orn 
contains 3 mM L-ornithine; RDM-+-Cit contains 2.3 mM L-citrulline 
and RDM + Arg contains 2.3 mM L-arginine. GT is a rough calcula- 
tion of the generation time in hours derived from inspection of growth 
curves. 

*Number of cells per ml, corresponding to measurements made at 
the stationary phase of the cultures, before cell decay. 


citrulline. Crithidia deanei (Table 2) and C. oncopelti”, 
however, which have endosymbionts can grow in the 
absence of both amino acids, which indicates that they 
can synthesise citrulline through the mediation of OCT. 

To investigate the role of the endosymbionts, we tested 
symbiont-free C. deanei and C. oncopelti for OCT (these 
strains are obtained by prolonged treatment with chlor- 
amphenicol (ref. 8 and personal communication from M. H. 
Mundin and J. Roitman)). Extracts of the strains showed 
no OCT activity (Table 1), suggesting that the symbionts 
provide OCT for Crithidia. But because chloramphenicol 
treatment is. likely to affect the mitochondria**—reported to 
be the site of OCT in eukaryotes“ *“—it is possible that the 
loss of OCT from C. deanei and C. oncopelti was due to 
impairment of protein synthesis in their mitochondria rather 
than to removal of symbionts. 

Our efforts to isolate the symbionts and locate OCT 
within them were inconclusive—we produced subcellular 


Fig. 1 Histochemical demonstration of OCT in Crithidia deanei 
which contains an endosymbiont. Arrows indicate OCT reaction 
product; Es, endosymbiont; N, nucleus; fp, flagellar pocket; 
k, kinetoplast; b, blepharoplast; J, lipid droplet; m, mitochon- 
drion. Pellets of log-phase cells were fixed for 30 min at 4 °C in 
gluteraldehyde (2.5% in 0.1 M cacodylate buffer, pH 7.2). After 
several rinses, pellets were incubated. with 5mM_ lithium 
carbamoyl phosphate; 3mM_ lead nitrate; 5mM trisodium 
citrate; 50 mM Tris-HCl, pH 8.5, and 10 mM L-ornithine for 
20 min at 37 °C. In control preparations ornithine was omitted 
from the incubation mixture. After rinsing with Tris buffer, 
pellets were included in 3% agar. Small agar blocks were post- 
fixed in osmium tetroxide (1 % in cacodylate buffer, pH 7.2) for 
1h at 4°C. After dehydration the material was embedded in 
Epon, sectioned, stained with uranyl! acetate and lead citrate and 
examined in a Siemens Elmiskop 101, 80 kV. 
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fractions contaminated with mitochondrial fragments. The 
site of OCT was identified by electron microscopy. Log 
phase C. deanei and C. oncopelti were incubated with 
ornithine, carbamoyl phosphate and lead nitrate as before”. 
In this procedure the ortophosphate released during the 
OCT reaction is trapped in situ as a lead phosphate preci- 


pitate which can be visualised in electron micrographs. 


More than 40% of the cells examined showed a lead preci- ` 


pitate. When present, the precipitate was inside the symbiont 
and nowhere else in the cell (Fig. 1). No precipitate was 
found in preparations treated in the same way but without 
ornithine during incubation, nor in cells of the symbiont- 
free strains incubated with complete medium. Clearly OCT 
is localised in the endosymbiont and confers a nutritional 
advantage on its protozoan host. 

We thank Dr H. Souza Santos for electron microscopy 
facilities; S. Galinari and C. L. Barbieri for assistance and 
Dr F. W. Wallace for reviewing the manuscript. This work 
was supported by funds from Conselho Nacional de 
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Paulo. 
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Calcium mobilisation during 
reproduction in snail Helix aspersa 


Tue land snail Helix aspersa lays up to 100 eggs at a 
time, each with 0.6 mg of calcium in the form of calcite 
crystals. There is insufficient calcium in any part of the 
reproductive tract to account for this. 

We have investigated egg shell calcification in H. aspersa 
and report here a substantial increase in blood calcium 
during this process while blood sodium and pH remain 
constant. Rapid calcium mobilisation from non- 
reproductive areas to the egg shell-forming uterus during 
this period results in a 70% elevation of the blood calcium 
concentration, involving an increase in both the bound 
and unbound fractions. 

Of the 65 families of land pulmonate snails comprising 
about 15,000 species, members of at least 36 families lay 
eggs with coverings containing calcium carbonate’. The 
calcified deposits may take the form of individual crystals 
of calcite dispersed through a jelly coat as in Helix or 
a hard shell as in Achatina and Strophocheilus’. The egg 
shell of the snail has four features in common with that 
of the bird: (1) similarity of mineralogy, ultrastructural 
appearance and even size in such snails as Strophocheilus’; 
(2) deposition of the shell—concurrently with a small 
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Fig. 1 Calcium content of the eggs as a function of location in 
the uterus of a gravid Helix aspersa. The eggs are in single file 
with the sides of the uterine wall closely applied, though each egg 
seems to be free to rotate. As soon as an egg is released anteriorly 
a new one is formed at the posterior end in an assembly-line 
fashion. The ovotestis (Ov) and albumen gland (Alb) are shown 
not to scale, at the posterior end of the uterus. The uterine wall 
is ciliated and shows strong peristaltic waves moving anteriorly; 
the vagina (V) is highly muscular and aids in the final extrusion of 


the eggs through the genital opening (Gen). The calcium content 

of the uterus after all of the eggs were removed was 0.27 mg. 

Inset shows a cross-section through a fully calcified egg; the 

calcium of the egg is in the form of individual calcite crystals 

dispersed throughout the egg jelly (J), which surrounds the 

albumen fluid (A) in which the ovum floats. (Correlation co- 
efficient for regression line, r = 0.99.) 


amount of organic material for the shell matrix—during 
passage along a tube lined with epithelium; (3) a high 
rate of calcium transport across the epithelium during 
shell formation; and (4) utilisation of the shell during 
embryonic development, in the snail for the shell, in the 
bird for the bones‘. On examining several species of 
pulmonate snails, we found no storage of calcium in the 
reproductive tract sufficient to account for calcification 
of even a small percentage of the eggs of a single clutch. 
Apparently in the snail—as in the bird—calcium stored 
in other parts of the animal is mobilised and then passes 
in the blood to the reproductive tract where it is transported 
across the epithelium to the egg. We have examined 
egg-shell calcification in the snail Helix aspersa and have 
measured accompanying changes in the blood. 

Typically 25-100 eggs are deposited in a single laying 
period (depending on the size and health of the animal), 
with an egg released approximately every 15 min. Each 
deposited egg contains about 0.6mg calcium requiring 
a mobilisation of up to 60mg calcium. The calculated 
rate of calcium transport across the uterine epithelium 
of Helix aspersa is approximately 3 x 107° mol cm™? ‘h™, and 
in another land snail examined, Anguispira alternata, the 
rate is about 1X107°molcm™’h™. This compares with a 
calculated rate of about 2X10 molcm™”h”™ for the hen’. 

Eggs taken from various positions in a gravid uterus 
of Helix were found to have increasing amounts of calcium 
as they passed along the uterus (Fig. 1), and the amounts 
were in direct proportion to the distance traversed. This 
result demonstrates that over most of its length the various 
regions of the uterus have the same capacity to deposit 
calcium during passage of the egg. One should note that 
the uterine epithelium is rather closely applied to the eggs 
and the eggs are uniformly distributed in single file and 
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barely separated. There is almost no free fluid in the 
uterine lumen which can be aspirated so that the eggs 
are definitely not floating. Free calcite crystals were not 
Present, indicating that crystal nucleation was initiated 
by the jelly which coats the egg. 

During egg laying a dramatic increase in total blood 
calcium of nearly 70% was found. The elevation was 
due to an equivalent increase in both the bound and 
unbound fractions. The blood sodium level did not change 
significantly and the pH remained at the normal level 
of about 7.80 (Table 1). 

We measured blood calcium levels during the repro- 
ductive period as a function of the number of eggs already 
calcified, and samples were also taken before and after 
the period of egg laying. Blood calcium suddenly rose from 
5.89mM to 9.93mM with the onset of egg laying and 
was maintained for the entire duration of laying (calcifica- 
tion) and then dropped back to the normal level within 
a few hours after the last egg was released (Fig. 2). 

Blood changes in Helix differ from those which occur 
during egg laying in birds in three significant respects: 
(1) in Helix, both bound and ultrafilterable calcium in- 
creased, whereas in birds only bound calcium associated 
with the transport of yolk proteins increases, (2) in Helix, 
blood calcium elevation takes place within several hours 
of the time of release of the first egg, whereas in birds 
this occurs several days before egg formation, and (3) in 
Helix, the blood pH is unchanged whereas in birds it 
is decreased (for a general review of avian egg laying, 
see ref. 6). 

Two aspects of particular interest relating to the rapid 
mobilisation and utilisation of a relatively large amount 
of calcium during reproduction in snails are the sources 
of calcium and the characteristics of calcium transport 


Table 1 Changes in blood of Helix aspersa during egg laying 


Normal Egg-laying 
*Calcium: 
total (mmol 171) 5.89 + 1.08 (14) 9.93 +1.29 (21) 
% Ultrafilterable 63-43 (4) 61+6 (4) 
Sodium: 
total (mmol 1-) 65.742.1 (9) 64.9-+3.4 (4) 
PH 7.80+0.03 (5) 7,79 +0.05 (6) 
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Helix aspersa snails were obtained from California and kept in the 
laboratory in standard light conditions in groups of 20, matched for 
approximate size. For all data on egg-laying snails, controls were 
animals from the same container in which the ovipositing snails were 
found, thus minimising variability in the degree of hydration, availa- 
bility of food, and so on. All snails were kept in the active, non- 
aestivating state by providing high humidity, carrots, paper and 
calcium carbonate. Blood was taken by puncture of. the vena pul- 
monalis immediately anterior to the auricle using a plastic syringe 
after the overlying shell area was quickly and gently removed. The 
PH of the blood was measured with a combination micro-glass 
electrode (MI Electrodes) on a Beckman expanded scale pH meter. 
Blood was drawn into a I-ml plastic syringe; the hypodermic needle 
was immediately removed and the electrode inserted deeply into the 
syringe body containing the blood so that the tapered body of the 
electrode made an airtight fit with the syringe opening. Duplicate 
measurements were made within 45 s of sampling and no pH drift 
was observed over more than 5 min. (Helix blood freely exposed to 
air becomes more and more alkaline from loss of CO,.) For atomic 
absorption analysis of total blood calcium, al0-ul sample of blood 
was diluted with 1.17% (w/v) LaO; in 5% (v/v) HCI (to prevent 
interference by elements such as aluminium, sulphate and phosphate) 
and then measured with a Perkin-Elmer 107 instrument. For sodium 
analysis, 10-1! samples of blood were diluted with distilled water and 
measured by flame emission spectroscopy. Blood was filtered at 15 
pounds per square inch of Ne or 2% CO2: 98% O, using a Clinical 
Ultrafiltration unit and an Amicon Diaflo Membrane of 1,000 
MW cut-off. Ultrafiltration typically started with 1.0 ml of blood 
and no more than 50% of the fluid was allowed to pass through 
before the filtrate was collected. The amount of calcium in the 
filtrate is called unbound (mostly ionic and some complexed) and the 
remainder which is unfilterable is called bound. Values are mean +- 
standard deviation; sample size in parentheses. 
*P < 0.01. 
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Fig.2 Total calcium concentration of the blood of Helix aspersa 
at various stages of the egg-laying cycle. For each data point 
only a single sample of blood was taken from any given snail in 
order to avoid the lowering of calcium which otherwise may 
occur from trauma in laying animals (unpublished observations). 
Because of the great difficulty of predicting when an animal will 
initiate oviposition, only one point is available for the 6-h 
period before the appearance of the first egg. This sample 
represents blood calcium concentration only 2-3 h before egg 
shell calcification begins since it typically takes 3-4 h for a given 
egg to be fully calcified in passing through the entire length of the 
uterus. During egg shell calcification, represented on the graph 
by 0-11 h after the first egg laid, the blood calcium level was 
almost 70% higher than the normal level represented by the - 
dotted line. This elevated blood calcium was maintained at a 
rather constant level as indicated by the regression equation for 
the line (y = 0.05 x+9.48). Once the last egg was released, there 
was a sudden drop in the blood calcium level within 3 h and near 
normal values were reached a few hours later. 


across the uterine epithelium. These are being examined. 
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Inhibition of post-implantation 
development of mouse blastocysts in vitro 
after cyclophosphamide treatment in vivo 


And lo hb a 


IT has been widely believed that embryos, after treatment in 
the preimplantation period, either die before implantation or 
survive to term without being malformed*?, But evaluation of 
the embryolethal effect of cyclophosphamide (CPA) before 
implantation in the rat has revealed effects of the early treatment 
on both embryo and mother around and after implantation, 
Further investigations of the development of CPA-treated 
preimplantation rat embryos are impossible because rat 
embryos have not been cultured successfully in vitro beyond the 
time of implantation. On the other hand, routine culture of 
mouse embryos in vitro during the same period has been 
standardised*-*, Such systems are sufficiently sensitive for 
investigations of genetically-determined abnormalities? and 
the effects of in vitro exposureto ultraviolet and X irradiation®™ 1°, 
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Table 1 Cell number of mouse embryos at implantation (day 3), 
24 h after CPA treatment of the mother 


Developmental! Dose Cell no. No. of 
stage (mg kg-') per embryo determinations 

Morula (control) 0 25.9+ 4.8 18 
Blastocyst (control) 0 42.3411.3 25 
Blastocyst (treated) 20 34.5 +13.0 17 
Blastocyst (treated) 40 21.2+ 3.7* 35 
Blastocyst (treated) 60 18.4+ 4.6 43 

15.9+ 2.87 63 


Blastocyst (treated) 80 


a — 

Determinations were performed at 1400 h on day 3 as described by 
Tarkowski2®. At this time the number of embryos per mother (7.0+-2.7 
in 148 determinations), the ratio blastocysts per morula (5/2 in 148 
determinations) and the mitotic index (4% = cells in mitosis expressed 
as percentage of total cells of the embryo) were unaffected by any of 
the CPA doses tested. The cell numbers of morulae from CPA-treated 
mothers were affected in the same way as were blastocysts. The 
maternal LD,, for CPA was 200 mg kgo. 
- *Significantly lower than cell number of control blastocysts at 
‘P<0.01 (Wilcoxon-test). 

+Significantly lower than cell number of both control blastocysts 
and morulae at P<0.01 (Wilcoxon test). 


3H-thymidine!! and metabolic inhibitors!2—4. To elucidate 
further the action of CPA on the embryos after maternal treat- 
ment during the pre-implantation period, we have used mouse 
blastocysts to repeat our studies with CPA in the rat, and we 
have also cultured mouse blastocysts for 120 h from CPA- 
treated mothers. With concentrations of CPA that did not 
affect the morphology of blastocysts from treated mothers but 
only the cell number at the time of implantation, development 
of the blastocysts in vitro was inhibited in a dose-dependent 
manner. This system holds promise as a test for putative 
teratogens. 

To determine the rate of lethality at term after CPA treatment 
24h before implantation, groups of 10 pregnant NMRI mice 
(Zentralinstitut für Tierzucht, Hannover) received a single 
subcutaneous injection of CPA at 20, 40, 60 or 80 mg kg7 
(a gift from Asta-Werke AG) on day 2 (day 0 = the day after 
the mating night). At term the resorption rates for the four 
doses tested were 35, 78, 100 and 100%. As described for the 
rat?, CPA did not reduce the number of embryos per mother 
before and around the time of implantation but significantly 
decreased the number of living embryos during organogenesis. 
‘As with the rat, no malformations could be detected and the 
somite numbers of treated mouse embryos surviving to 
organogenesis were significantly lower than for controls, 
indicating a retardation of development of about 24h. This 
could have been explained by a delay in implantation and so 
the exact time of implantation was determined as before’. 
Again as in the rat, there was no indication of delayed implanta- 
tion in the treated group. But at CPA concentrations of 40- 
80 mg kg (Table 1) the cell numbers of treated blastocysts 
were significantly smaller than those of controls and of the 
20 mg kg™ group (P<0.01, Table 1). At the highest CPA 
concentrations (60 and 80 mg kg~) the cell numbers of blasto- 
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cysts were significantly smaller than those of normal morulae 
(Table 1). The considerably smaller cell numbers in blastocysts 
of treated animals is evidence for interference by CPA or one 
of its metabolites with embryonic development in vivo during 
the 24h between days 2 and 3. At the same time there was 
histological evidence of a simultaneous inhibition of the 
decidual reaction of the uterus, as in the rat’. 

Blastocyst transplantation has been used to show the maternal 
CPA treatment has a direct effect on pre-implantation rat 
embryos’. But with the mouse a different approach was used. 
Blastocysts treated in vivo were cultured in vitro in conditions 
such that differentiation usually proceeds as follows’: hatching 
from the zona pellucida after 36—48 h; attachment to the 
surface of the dish after 48 h, and outgrowth of three character- 
istic cell types—a trophoblast layer with trophoblast giant 
cells and an inner cell mass (ICM) consisting of two germ layers, 
ectoderm and endoderm—which is usually completed after 
96-120 h. In our culture system embryos from CPA-treated 
mothers showed a dose-dependent inhibition of all steps of 
differentiation (Table 2). The percentage of embryos which 
underwent ICM differentiation into two germ layers was the 
most sensitive parameter. It was already significantly decreased 


at the lowest CPA concentration (20 mg kg), which had no 


significant effect on the cell number of the blastocysts (Table 1). 
Studies of treatment in vitro have revealed a higher sensitivity 
of the ICM cells than of trophoblast cells to substances which 
interfere with nucleic acid metabolism!!! 714. 

Other investigators have reported morphological abnor- 
malities in pre-implantation rat!® and mouse?’ embryos after 
treatment of the mother. The morphology of early rat? and 
mouse embryos was not affected by CPA as far as blastulation 
is concerned. But the cell number of CPA-treated blastocysts 
was considerably smaller than normal. This effect of CPA on 
in vivo development of pre-implantation embryos between the 
eight-cell (day 2) and the blastocyst stage (day 3) indicates that 
blastulation, the first step of morphological differentiation, is not 
dependent on the presence of a particular number of cells and 
that cells, having lost the capacity to divide at a normal rate, 


‘ean ‘still form the blastocyst cavity. The effects of CPA on 


subsequent development in vitro might be explained by a 
retarded clearance of the alkylating agent or one of its metabo- 
lites from the blastocyst cavity***®. l 

For the evaluation of the effects of teratogens on pre- 
implantation embryos, the in vitro approach has several 
advantages over embryo transfer for which success has been 
‘low and poorly reproducible!®. The in vitro system requires 
fewer embryos, and it is faster and more precise because maternal 
factors and individual variations are not involved. It also gives 
clearcut dose-response relationships, which are usually not 
obtained when treated embryos are transferred’. 

Our technique analyses only the direct effect of the teratogen 
on the embryo itself and does not allow an assessment of the 
influence of a disturbed maternal physiology on later develop 
ment. The detection of maternal effects of the early treatmen 


Table 2 Effect of cyclophosphamide (CPA) treatment in vivo on differentiation of mouse blastocysts in vitro 


CPA dose No. of 
(mg kg~*) blastocysts Hatching 
(100%) (%) 
0 98 97 
20 119 89* 
40 73 81 
60 135 62+ 
80 50 30* 


Attachment Extensive ICM 2 germ 

and outgrowth trophoblast growth layers 
Yo (%) (%) 
97 96 93 
91 827 l 6It 
80* 71* 25T 
62* 50T li} 
28} 22} Ot 


a e aaa a 

Blastocysts were flushed from the uteri at 1400 h on day 3 (24 h after materna! treatment) and cultured in groups of 10 in medium NCTC-109 
(Difco) supplemented with 10% foetal calf serum (Gibco) in plastic culture dishes at 37 oC in a humidified 5% CO, in air atmosphere, as 
described by Sherman‘. Significance levels were determined by the y? test separately for each step of differentiation by comparing the growth 
rates (as percentage of blastocysts cultured) at every CPA dose with the growth rate at the next lower CPA dose. 


* P<0.05. 
+ P<0.01. 
ł P<0.001. 
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still requires transplantation experiments. In our studies with 
the rat we were able to show an inhibitory effect of early CPA 
treatment on the maternal environment by transplanting untrea- 
ted embryos to treated and untreated pseudopregnant foster 
mothers*. Furthermore, transfer experiments are always 
necessary to check whether in vitro treatment during the 
preimplantation period is able to induce malformations at 
term!®*°, especially because term malformations have been 
induced after transfer of preimplantation mouse embryos treated 
in vitro with the insecticide captan™. . l 
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Carbon dioxide reversibly 
abolishes ionic communication 
between cells of early amphibian embryo 


Low electrical resistance intercellular junctions have been found 
in a wide variety of adult tissues, both in vivo and in tissue 
culture’ and in early embryos*. Vertebrate and invertebrate 
adult intercellular junctions are permeable to small ions and a 
variety of other molecules, of molecular weights possibly up to 
1,000, as shown by the movement of tracers such as fluorescein® 
and transfer of nucleotides (‘metabolic cooperation’)*. In adult 
systems,. such intercellular exchange is correlated with the 
presence of gap junctions‘. In embryos, some form of specific 
junction is.necessary to account for the observed electrical 
coupling after early cleavage stages® and the presence of gap 
junctions has been reported®—®. Since the low resistance inter- 
cellular pathway has been implicated in the control of spatial 
and temporal organisation during development’, the per- 
meability of the embryonic junction assumes some importance. 
There is evidence suggesting that embryonic junctions are less 
permeable than adult junctions!®—!5, which we have recently 
confirmed!4, Our experiments?‘ suggested that there is selectivity 
in the gap junctional membrane which led us to predict that 
the junctional permeability would be sensitive to changes in 
intracellular pH. We -present here results which confirm. this 
prediction. 

Electrical coupling between cells was measured in Xenopus 
embryos between the four-cell and mid-blastula stages. The 
embryos were continuously superfused with Holtfreter’s solu- 
tion (NaCl, 60 mM; KCI, 1 mM; CaCl, 4 mM) buffered to 
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the required pH with 2mM Tris hydroxymethylaminomethane 
or 10mM ADA (N-(2-acetamido) imimodiacetic acid) (extra- 
cellular pH change) or 40 mM NaHCO,,/CO, (intracellular pH 
change). Two glass intracellular microelectrodes (filled with 
0.8 M potassium citrate) were’ inserted into one ceil, one to 
record the membrane potential, £,, and the voltage deflection, 
V,, produced by a rectangular hyperpolarising current pulse 
(10-8A, 1s long, every 10s) injected through the second 
microelectrode. A third microelectrode monitored the mem- 
brane potential in an adjacent cell, E,, together with the voltage 
deflection produced by current flow through the intercellular 
junction, V2. The ratio V,/V, gives a measure of the efficiency of 
electrical coupling between the cells. All: parameters were 
displayed on an oscilloscope and slow writing chart recorder. 

Extracellular pH changes between pH 5.8 and 7.5 had little 
effect on membrane potential, membrane resistance or electrical 
coupling. Intracellular pH was lowered by superfusing the 
embryo with a bicarbonate buffered MHoltfreter solution 
saturated with 100% CO,; CO, crosses the membrane and 
forms carbonic acid which liberates H+, so lowering pH, (ref. 
15). Figure 1 shows the effect of exposing a 64-cell embryo to 
100% CO,; by contrast with an extracellular pH change, this 
brought about a rapid increase in junctional resistance, culmina- 
ting in complete uncoupling of adjacent cells. 

Table I summarises experiments on embryos between the 
4-cell and blastula stages of development. In four- and eight-cell 
embryos lowering the intracellular pH had no effect on the 
coupling ratio Va/ Vn. Treatment with CO, produced a change 
in membrane potential, of variable magnitude and sign, at all 
stages of development tested, suggesting that depolarisation is 
not the cause of uncoupling; the membrane potential changes 
may be caused by an effect of CO, on the permeability of 
non-junctional membranes. When CO, uncoupled the cells 
there was invariably. a concomitant rise in input resistance. 
Since CO, caused little change in resistance at the eight-cell 
stage it is unlikely that the uncoupling is brought about by the 
earthing of restricted extracellular current pathway normally 
responsible for current flow from one cell to the next. The most 
reasonable conclusion is that current flow from one cell to the 
next is largely mediated by a specialised intercellular pathway, 
whose permeability is greatly reduced when the embryo is 


Fig. 1 Exposing a 64-ceil embryo to 100% CO,. The pen record 
(B) begins with the embryo in Holtfreter solution at pH 7.5. 
The membrane potential was —{7 mV and the coupling ratio, 
0.9. Oscilloscope records of the individual electrotonic potentials 
V, and V, are shown above (a). At the arrow a Holtfreter solution 
buffered with 40 mM NaHCO, and equilibrated with 100% CO, 
(at pH 6.5) was admitted to the bath. The membrane potential 
in cell 2 decreased by 10 mV while the input resistance, recorded 
__in cell 1, increased; at the same time electrical coupling between 
the cells disappeared. After 2.5 min uncoupling was complete, 
only capacitative artefact remains on the £, trace. A (b), confirms 
the complete absence of an electrotonic potential in the adjacent 
cell..The return to Tris-buffered solution rapidly restored both 
membrane potential and electrical coupling (e). 
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Table 1 Uncoupling induced by CO, at different developmental 





stages 
Initial Final! 
resting Potential membrana! Effect of 
potential during CO, potential CO, on 
(my) (mY) (mV) coupling 
Stage 3 20 6 8 None 
(4 cell) 11 0 0 None 
Stage 4 il 5 5 None 
(8 cell) li 6 8 Partial 
uncoupling 
10 10 13 None 
Stage 5 26 10 18 Uncoupling 
(16 cell} 16 3 15 Uncoupling 
18 5 18 Uncoupling 
Stage 6 2i 0 24 Uncoupling 
(32 cell) 10 0 8 Uncoupling 
8 0 10 Uncoupling 
Stage 64 40 18 20 Uncoupling 
(64 cell) 20 3 10 Uncoupling 
17 7 14 Uncoupling 
— 3 30 Uncoupling 
Stage 7 — 3 33 Uncoupling 
(mid blastula) 20 5 25 Uncoupling 
25 5 30 Uncoupling 





Membrane potential recorded at V, electrode; all potentials 
negative with respect to zero. At 4-and 8-cell stage measurements 
made across first cleavage plane. Uncoupling means V/V, falls to 
zero. No effect means normal V./V, ratio (between 0.8 and 0.9). 


exposed to CO,. The insensitivity of early cleavage stage 
embryos may reflect incomplete cleavage (the cells cleave every 
20 min), or a change in membrane properties as the embryo 
enters the morula stage. In all other cases CO, completely 
abolished current flow from one cell to the next. This was 
always rapid and totally reversible. 

Measurements of intracellular pH (using pH-sensitive micro- 
electrodes'*) (in collaboration with R. C. Thomas) showed the 
PH to fall from a resting value of 7.7 to between 6.4 and 6.2 on 
exposure to 100% CO,. The intracellular pH change followed 
the same time course as the uncoupling. Extracellular pH 
changes between 5.8 and 7.5 had no effect on the intracellular 
pH. 

The simplest interpretation of these results is that the effect 
of CO, treatment on electrical coupling between cells of the 
early Xenopus embryo is mediated by the low intracellular pH. 
An effect of anoxia is unlikely, since early amphibian embryos 
are notoriously resistant to oxygen lack and we have found 
that treatment with 60 % CO3: 40% O, is equally effective. It has 
been proposed that the permeability of the intercellular junction 
is controlled by the intracellular concentration of ionised 
calcium’, Since Meech and Thomas” have recently demon- 
strated that intracellular injection of Ca?+ leads to a con- 
comitant fall in intracellular pH, the possibility that a fall in 
intracellular pH rather than a rise in free Ca; was responsible 
for uncoupling observed in experiments such as those on the 
Chironomus salivary gland of Rose and Loewenstein!® must 
now be considered. The question whether in our experiments 
the increase in intracellular H+ displaces calcium from intra- 
cellular binding sites, so that intracellular calcium exerts the 
ultimate control remains open, although there are arguments 
against this possibility. We have injected iontophoretically into 
Xenopus embryo cells at the 64-cell stage sufficient calcium to 
bring about profound contracture of the contractile cytoplasm 
beneath the plasma membrane (making the free calcium Jevel 
likely to be well above 10-* M (ref. 6)) without affecting the 
intercellular flow of current. 100% CO. did not produce any 
sign of contraction of the contractile cortex, despite its efficacy 
as an uncoupling agent, suggesting that no massive release of 
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calcium occurs. We therefore consider that a rise in Ca, was 
not primarily responsible for the uncoupling seen in Xenopus 
embryos on lowering intracellular pH. 

The results described here open up a number of interesting 
possibilities. First it may be that the intracellular pH, rather 
than intracellular calcium, controls junctional permeability and 
similar experiments on the Chironomus salivary gland become 
important. Second, an increase in intracellular pH could cause 
a rise in junctional permeability and may provide a way of 
making the poorly permeable embryonic junction more like its 
adult counterpart. Finally, despite the difficulty of eliminating 
possible side effects of CO, treatment, our experiments offer, 
for the first time, the opportunity to test whether electrical 
coupling plays an essential role during development, as it 
should now be possible to reversibly uncouple the embryonic 
amphibian system and observe the developmental consequences. 
Experiments to answer these questions are already in progress. 
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Unique cytoplasmic phosphoproteins 
are associated with cell growth arrest 


THE intracellular molecular processes responsible for the 
regulation of animal cell growth are not understood. Cyclic 
AMP has been implicated in the arrest of cell growth (see ref. 1 
for review) and it has been postulated that all cyclic AMP 
effects are mediated through protein kinase®. Insel et a/.? have 
demonstrated with mutants that a cyclic AMP-dependent 
protein kinase mediates the growth inhibitory effect of cyclic 
AMP in S49 cells. Maller and Krebs! have established that the 
catalytic subunit of cyclic AMP-dependent protein kinase was 
both necessary and sufficient to block progesterone induced 
meiotic cell division in Xenopus oocytes. The above observations 
suggest that a high steady-state level of a phosphoprotein which 
is subject to control by cyclic AMP-dependent protein kinase 
functions in a regulatory manner to arrest cell growth. Since 
cyclic AMP-dependent protein kinases are found predominantly 
in the cytoplasm, we investigated the phosphorylation of cyto- 
plasmic phosphoproteins and report here that quiescent cell 
cytosol contains several unique phosphoproteins. 

The cell line used in this study was baby hamster kidney 
(BHK); clone 13. Logarithmically growing cells were brought 
to quiescence by incubation in serum-deficient medium (0.1% 
calf serum in Dulbecco’s modified Eagle’s medium) for 40 h. 
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Fig. 1 Jn vitro-labelled cytoplasmic phosphoproteins in quiescent 
and ‘proliferating cells. Cytosol was prepared from quiescent (Q) 
and proliferating (P) BHK cells in the following manner. Cells on 
100-mm dishes were washed twice with phosphate-buffered 
saline and scraped from the plate with a rubber policeman. The 
cells were centrifuged at 600g and the cell pellet washed twice 
more with phosphate-buffered saline. The cell pellet was re- 
suspended in homogenisation buffer (10 mM HEPES (pH 7.4), 
5 mM MgCl, 25 mM KCl), and cells were disrupted in a 
Potter-Elvehjem homogeniser. The homogenate was spun at 
100,000g for 30 min and the supernatant (cytosol) dialysed for 
12 h against the reaction buffer (100 mM NaCl, 20 mM HEPES 
(pH 7.2), 10 mM MgCl,, | mM EGTA) at 4 °C. Inclusion of a 
protease inhibitor, phenylmethy! sulphonyl fluoride, in the 
dialysis buffer had no effect on the electrophoretic protein profile 
nor on phosphorylation. Cyclic AMP-dependent protein kinase 
activity was examined before and after dialysis using exogenous 
histone as substrate: no activity was Jost in either cytosol 
preparation during dialysis. Cytosol protein concentration was 
adjusted to 2.5 mg protein per ml and theophylline (2 mM), 
NaF (i0 mM), dithiothreitol (1 mM) and cyclic AMP (I uM, 
when present) were added. The reaction was initiated by the 
addition of y-°2P-ATP (2 uM, 1,000-3,000 Ci mmol") and was 
run for 5 min at 30 °C. The kinetics of phosphorylation revealed 
that maximum incorporation of 3*P occurred by 5 min in both 
quiescent and proliferating cytosol proteins. The reaction was 
terminated by addition of electrophoresis sample buffer (1% 
SDS, 1% mercaptoethanol, 50 mM Tris pH 6.8, final concentra- 
tions), and boiling for 1 min. Proteins were separated by SDS- 
polyacrylamide slab gel electrophoresis®. Gels were stained with 
Coomassie blue in 45°4 methanol and 7.5 % acetic acid, destained 
and dried. Phosphoproteins were visualised by exposure of the 
dried gel to X-ray film. Molecular weights of phosphoproteins 
were estimated by comparison with standard proteins (MW x 
10-2 shown below autoradiogram) as described by Weber and 
Osborn’, cAMP, cyclic AMP. 


At this point over 95% of the cells were arrested in G, phase 
of the celi cycle as determined by flow microfluorimetry. 

Cytoplasmic extract was ‘prepared from quiescent and 
proliferating cells and subjected to in vitro phosphorylation with 
y-32P-ATP. The cytosol proteins were then separated by sodium 
dodecylsulphate (SDS)-polyacrylamide slab gel electrophoresis, 
and the phosphoproteins were identified by exposing the dried 
gel to X-ray film. Approximately 20 phosphoproteins were 
identified in cytoplasmic extracts from both quiescent and 
proliferating cells in the absence of cyclic AMP; most of the 
phosphoproteins in quiescent and proliferating cytosol were 
identical and phosphorylated to the same extent (Fig. 1). But 
a protein of molecular weight (MW) 76,000 was consistently 
phosphorylated only in cytosol from quiescent cells. In pro- 
liferating cell cytosol a protein of MW 96,000 was more intensely 
phosphorylated than in quiescerit cytosol (Table 1). The pattern 
of Coomassie blue stained proteins in quiescent and proliferating 
cells was identical. 

Incubation of the cytosols with cyclic AMP resulted in 
several striking differences in the phosphoprotein profile. 
Five proteins were consistently phosphorylated only in quiescent 
cell cytosol in the presence of cyclic AMP (Figs 1 and 2). These 
proteins included two that were larger than 220,000 (largest 
band seemed to be a doublet), and proteins of MW 140,000, 
76,000 and 66,000. Surprisingly, cyclic AMP always inhibited 
the phosphorylation of the 96,000 MW protein by 40% (Table 
1). The presence of cyclic AMP stimulated the phosphorylation 
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of only one protein (160,000 MW) unique to the proliferative 
growth state. Al! other cyclic AMP-stimulated phosphoproteins 
seemed to be in common with quiescent cell cytosol. Cyclic 
AMP also decreased phosphorylation of the 96,000 MW protein 
in proliferating cytosol (Table 1). Similar cyclic AMP effects 
were observed at concentrations of cyclic AMP from 0.1 to 
10 uM. 

The same cyclic AMP-dependent phosphoproteins were 
observed when BHK cells were growth-arrested by isoleucine 
deprivation or serum deprivation, indicating that these phos- 
phoproteins are associated with the quiescent state induced 
by two different conditions and are not simply the result of low 
serum in the culture medium. 

The 32P-labelled bands in Fig. I were not destroyed by 
RNase, DNase, hot trichloroacetic acid or 1 M hydroxylamine. 
Protease treatment before electrophoresis destroyed all labelled 
bands as did 0.4 M NaOH at 37 °C for 18 h, indicating that the 
82P bands represent phosphate covalently esterified to serine or 
threonine residues in cytosol proteins. 

Wehner ef al have reported that density-inhibited cells 
contain a 110,000 MW protein which is phosphorylated in the 
absence of exogenous cyclic AMP. We could not observe this 


Fig. 2 Quantitation of ??P incorporated into cytoplasmic phos- 
phoproteins in quiescent and proliferating cells. The dried gel 
from the experiment depicted in Fig. 1 was cut into 2-mm slices 
and counted in a liquid scintillation counter. a, °*P incorporated 
into resting cell cytosol proteins in the presence ( y or absence 
(— — -) of cyclic AMP. b, #2P incorporated into proliferating cell 
cytosol proteins in the presence (—-) or absence (~ — -) of cyclic 
AMP. 
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Table 1 Phosphorylation of the 96,000 MW protein in quiescent and 
proliferating cells and the effect of cyclic AMP 


Source 32P c.p.m. per band* 
Resting cell cytosol 8,490 
Resting cell + cyclic AMP 5,022 
Proliferating cell cytosol 27,689 
Proliferating cell + cyclic AMP 21,920 


i 
Each cytosol was adjusted to 2.5 mg of protein per ml and subjected 
to phosphorylation conditions as described in Fig. 1. Exactly the 
same amount of protein was applied to the gel in each case. After the 
gel was dried and exposed to X-ray film, the 96,000 MW region was 
cut from the gel and counted in a liquid scintillation counter. 
* Average of two experiments 


phosphoprotein in our studies: this may be because different 
cell lines were used in the two studies but important methodo- 
logical differences may also explain this discrepancy. First, we 
used culture conditions in which the cells at the time of the 
experiment were at the same density but the growth state was 
modulated by the presence or absence of serum in the culture 
medium. Second, we dialysed the cytosol against the reaction 
solution before carrying out in vitro phosphorylation reaction. 
This brings the cytosol to specified pH and ion concentration 
and permits the study of cyclic AMP effects on phosphorylation. 
Wehner et al.8 did not dialyse the cell extract and found no 
cyclic AMP effects that could be related to growth. Third, we 
used homogenisation in a Potter—Elvehjem homogeniser to 
disrupt cells and prepare cytosol while Wehner et ai.° used 
sonication, a technique that damages membranes and disrupts 
cellular organelles, and carried out phosphorlylation reactions 
on the total cellular sonicate. Thus, the relationship of the 
110,000 MW phosphoprotein of Wehner ef al. to our data iS 
not clear. 

Results from several studies (reviewed in ref. 1) have estab- 
lished that elevated cyclic AMP is associated with the arrest 
of cell growth. The data presented here establish that quiescent 
cells consistently contain five unique phosphoproteins, four of 
which are phosphorylated only in the presence of cyclic AMP, 
and provide a possible mechanism by which cyclic AMP can 
control animal cell growth. The phosphoproteins may function 
as regulatory proteins to stop cell growth and maintain a G, 
block. Addition of mitogenic substances such as serum, which 
lower cyclic AMP®, to the culture medium would result in the 
dephosphorylation of the particular phosphoprotein(s) which 
maintains the G, block and thus, transit through G, is permitted. 
Other proteins may have to be phosphorylated or dephosphoryl- 
ated at other points in the cell cycle to regulate progress 
through the cycle. An example of this would be the 96,000 MW 
protein which we have found to be intensely phosphorylated 
in proliferating cells by a cyclic AMP-independent protein 
kinase. The fact that cyclic AMP inhibits the phosphorylation 
of this protein is consistent with its possible role in promoting 
cell growth. 
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Tumour-dormant states established 
with L5178Y lymphoma cells in 
immunised syngeneic murine hosts 


THEtumour-dormant stateis one in which tumour cells persist in a 
clinically normal host for prolonged periods. Tumour dormancy is 
a potentially unstable state and may culminate in either de- 
struction of all tumour cells or death of the host due to tumour 
outgrowth. We report here two systems in which tumour-dormant 
states could be established with transplantable lymphoma cells 
inoculated into specifically immunised syngeneic murine hosts. A 
high percentage of mice kept for long-term observation eventually 
developed tumours and in both systems, tumour cells could be 
isolated from mice during a prolonged period of clinical normality. 

There are many reports describing the recurrence of solid 
tumours and leukaemias years after apparently successful treat- 
ment of the primary neoplasia’~°. These reports suggest that 
residual tumour cells can persist in a dormant state during periods 
of prolonged clinical remission, but do not rule out de novo 
recurrence of the same type of cancer due to a long lasting 
predisposition of the patient’s cells to malignant transformation. 

Since Fisher and Fisher’s first report on tumour dormancy in 
rats*, only a few animal models have been developed for the study 
of this state> ~ 8. Tumour dormancy in experimental animals may, 
however, be a frequent occurrence which goes unrecognised 
because experiments are usually terminated before tumour dor- 
mant cells emerge to produce overt tumours. We wish to make 
others aware that resistance of mice to tumour-cell challenge may 
be associated with prolonged tumour dormancy rather than 
tumour cell rejection. 

In our experiments, we used the methylcholanthrene-induced 
lymphoma, L5178Y, an immunogenic, weakly metastatic tumour 
of DBA/2 origin’. In the first system, DBA/2 mice were immunised 
by intraperitoneal (i.p.) injection of 10’ mitomycin C-treated 
L5178Y cells and thereby protected against the rapid outgrowth of 
live tumour cells inoculated i.p. 10d later. Long-term observation 
of these mice revealed that 55-95% eventually developed tumours, 
some as late as 5 months after cell inoculation. In the experiment 
described here, immunised mice were killed on selected days after . 
L5178Y cell challenge and attempts made to recover tumour cells 
from the peritoneal cavity and the spleen by in vitro culture. 
Additional mice from the same group were observed for extended 
periods for delayed tumour cell outgrowth. All non-immunised 
DBA/2 mice died of tumour growth within 25d of Lp. inoculation 
of 5x 104 live L5178Y cells, whereas no deaths occurred in the 
immunised, challenged mice until day 60, and by day 210, 93% of 
the mice had died of tumours (Fig. 1). Table 1 shows that tumour 





Fig. 1 DBA/2 females (8-10 weeks) were immunised by in- 

traperitoneal (i.p.) injection of 107 mitomycin C-treated L5178Y 

cells. Control mice received an equivalent amount of PBS. All mice 

were given 5x 104 L5178Y cells i.p. 10 d later. Shaded histogram, 
controls; open histogram, treated animals. 
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Table 1 Jn vitro isolation of tumour cells from clinically normal mice 
previously immunised with mitomycin C-L5178Y cells 


Site of tumour cell isolation 
Time after tumour (No. mice with tumour cells/total no. mice tested) 


cel] challenge 
(d) 


Peritoneal cavity Spleen 
30 3/5 0/5 
49 212 1/2 
55 4/7 3/7 
Total 9/14 4/14 


Clinically normal mice (see text) were killed at the times shown. 
Their peritoneal cells and spleens were collected, washed and single cell 
suspensions of each were placed into culture at various concentrations and 
observed for 14 d. Cultures were judged positive for tumour cel] outgrowth 
if increasing numbers of large lymphoblastoid cells appeared and con- 
tinued to proliferate when transferred into new culture vessels. 


cells could beisolated fromcultures of peritoneal cavity cells and of 
spleen cells removed from these mice during the period when they 
were clinically normal. (Mice were judged to be clinically normal if 
total body weight did not exceed 30g; the abdomen did not seem 
distended; macroscopic tumour foci were not visible following 
killing; and the total peritoneal cell count did not exceed | x 107 
cells.) The criterion for isolation of tumour cells in vitro was the 
appearance of increasing numbers of large lymphoblastoid cells 
which continued to proliferate following transfer into new culture 
vessels. These cells, when inoculated i.p. into normal DBA/2 mice, 
routinely produce ascitic tumours within 30 d, indicating that 
tumour cells recovered from dormant mice retain their tumorig- 
enicity in normal syngeneic animals. An attempt was made to 
determine the period of persistence of tumour cells in a dormant 
state and we found that they could be recovered from the 
peritoneal cavity of clinically normal mice as long as 380 d after 
original tumour cell challenge.. 

To avoid the possible artefacts that occur when immunisation 
and tumour challenge are both given intraperitoneally, we used a 
sinecomitant immunisation procedure in our second system. 
DBA/2 mice were injected subcutaneously with 1 x 106 L5178Y 
cells and 10 d later the small (1 cm) tumour nodules were excised. 
Such control mice remained free of tumour throughout a 160-d 
observation period, and no tumour cells could be isolated from 
their spleen or peritoneal cells, indicating that excision of the 
nodule had been complete and that no metastasis had occurred 
from the primary site of implantation. Excision of the tumour 
nodule protected mice against the rapid outgrowth of 5 x 104 
L5178Y cells inoculated i.p. 7 d later (Fig. 2); however, most of 
these challenged mice eventually developed tumours by day 160. 
Tumour cells could be isolated from the peritoneal cavity of many 


Fig. 2 DBA/2 females (8-10 weeks) were immunised by implan- 

tation of 10° live L5178Y cells subcutaneously on the ventral surface. 

Tumour nodules were removed surgically 10 d later, and mice were 

challenged 7d later by i.p. inoculation of 5x 104 L5178Y cells. 

Control animals received PBS subcutaneously and 5 x 104 L5178Y 

cells intraperitoneally at the appropriate times. Shaded histogram, 
controls; open histogram, immunised animals. 
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of the immunised and challenged mice while they were clinically 
normal (Table 2). 

Results of experiments in both systems show that specific 
immunisation does not lead to complete elimination of all 
challenge tumour cells, but rather results in the establishment of a 
tumour-dormant state in a high percentage of animals. During this 
dormantstate, tumour cells which were restrained from outgrowth 
in vivo grew out rapidly when transferred to in vitro culture. 
Although immunisation with mitomycin C-treated or X- 
irradiated tumour cells’®!!, or with live tumour cells which were 
subsequently removed!?.13, has previously been reported to 
protect mice against the rapid growth of a tumour cell challenge, 
in none of these studies were the mice observed long enough for 
dormant cells to emerge. 

Essential to the tumour-dormant state is in vivo restraint of 
tumour cell outgrowth. In our systems a single surviving L5178Y 
cell doubling unrestrained at its normal in vivo rate ( ~ lih)can 
produce a pronounced ascites within 30d—an interval which 
represents a small fraction of the observed tumour-dormant 
period of clinical normality. The possible mechanisms of tumour 
cell growth restraint in vivo include: continuous tumour cell 
division with concurrent tumour cell destruction; cytostatic effects 
which greatly prolong the in vivo population doubling time of the 


Table 2 Jn vitro isolation of tumour cells from clinically normal mice 
previously immunised by L5178Y tumour nodule formation and excision* 


Site of tumour cell isolation 
Time after tumour (No. mice with tumour cells/total no. mice tested) 


cell challenge 


Peritoneal cavity Spleen 
40 0/2 0/2 
50 0/2 0/2 
55 0/2 0/2 
60 3/3 0/2 
65 1/1 0/2 
72 3/3 1/3 
75 1/2 1/2 
Total 8/15 2/15 


*See legend to Table 1. 


tumour cells; immunoselection of a tumour cell subpopulation 
which grows more slowly than the orginal population; and 
sequestration of residual tumour cells in anatomical sites where 
they can escape destruction but still be inhibited in their division 
rate. Eccles and Alexander’ showed that tumour metastases may 
be maintained in a dormant state by immunological mechanisms, 
since immunosuppressive measures resulted in outgrowth of 
tumour cells. l 

The rapid in vitro outgrowth of tumour cells from peritoneal and 
spleen cell cultures prepared from tumour-dormant mice suggests 
that effector cells or soluble factors that suppress tumour cell 
proliferation in vivo may be either lost or inoperative after 
removal from the animal. A related observation may be the 
“escape from cytostasis” described by Remington and cowork- 
ers'*, They found that activiated macrophages could inhibit 3H- 
thymidine uptake by tumour cells for only 24h after in vitro 
challenge, with renewed uptake of labelled thymidine observed 
thereafter. A similar tumour escape from host cytostatic mech- 
anisms may be responsible for in vitro tumour cell outgrowth in our 
models. 

Absolute identification of the origin of tumour cells emerging 
after the dormant period is very difficult in our syngeneic systems. 
We have, however, observed that tumour cells which emerged in 
dormant mice 80d after challenge grow out rapidly when in- 
oculated into normal mice but fail to grow out when inoculated 
into L5178Y-immunised mice, indicating that the emerging cells 
express L5178Y tumour-associated transplantation antigens. Ad- 
ditionally, DBA/2 mice have an extremely low incidence of 
spontaneous lymphomas and although electron microscopy of 
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L5178Y cells reveals the presence of a C-type virus, no infectious 
virus could be demonstrated by either S+L-— or XC assays, and 
homogenates of L5178Y cells were not tumorigenic (unpublished 
results). 

The two murine systems reported here are now being analysed to 
elucidate the mechanisms involved in the establishment and 
maintenance of the tumour-dormant state, with a view to identify- 
ing those events which lead to breakdown of the tumour-dormant 
state and development of overt neoplasia. 

This research was supported by a grant CA 18995. from the US 
Public Health Service. We acknowledge the technical assistance of 
Ms Saidee C. Thompson and Ms Anita L. Jones. 
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Post-infection genetic resistance to avian 
lymphoid leukosis resides in B target cell 


NEOPLASMS in which the target for transformation is a 
B-dependent lymphoid cell include Burkitt’s lymphoma’ and 
chronic lymphocytic leukaemia’ of man, bovine leukaemia’ 
and lymphoid leukosis in chickens‘™''. Inherited resistance 
to the development of tumours may involve at the first level, 
a resistance of all cells in the body to infection by tumour 
viruses or, at the second level, a failure of the tumour to 
develop or progress in virus-infected animals'*™. In mice, 
the H—2-associated resistance to leukaemia is at the second 
level and is probably an example of immune surveillance, in 
which the immune system eliminates or prevents the multi- 
plication of nascent malignant cells'*"*. Possible effector 
mechanisms for immune surveillance which have been des- 
cribed include cytotoxic cells", antibody’* or non-lymphoid 
cells. An alternative to immune surveillance is that 
genetic resistance may be expressed directly by the target 
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cells, involving resistance either to viral infection” or to 
malignant transformation. We have used transfers of 
bursal cells from genetically resistant chickens into 
bursa-lymphocyte-depleted genetically susceptible chickens, 
and vice versa, to show that genetic resistance to lymphoid 
leukosis resides in the bursal target cell, and that neither 
non-B cells nor cooperation between non-B cells and B cells 
has a role in this resistance. 

The genetically resistant chicks were from East Lansing 
inbred line 6 subline 1 (R), and the genetically susceptible 
chicks from the F1 cross of East Lansing inbred lines 15 
subline 1 and 7 subline 2 (S°. These chicks are semi- 
allogeneic, having major histocompatibility genotypes B*/B* 
and B?/B‘, respectively. Thus, it was necessary for bursa! 
cell transfers to be made into recipients at 3 d of age, that is, 
within the tolerance-responsive period, in order to ensure 
successful bursal reconstitution in the histoincompatible 
transfers’. In other respects the transfers were as previously 
described for syngeneic cells’. Recipient chicks were treated 
with three doses of 4 mg cyclophosphamide (Cytoxan, Mead 
Johnson) on days 0, 1, and 2 after hatching and received 
intravenous injections of bursal lymphoid cell suspensions 
from 10-d-old donors on day 3. The doses were 1.15 X10° 
cells per recipient from susceptible donors, but only 7x10 
cells per recipient from resistant donors, since these donor 
chicks from line 6, had exceptionally small bursas. Groups 
of untreated and cyclophosphamide-treated chicks served 
as non-transferred controls. Within 1d of the transfers, all 
chicks were infected intravenously (i.v.) with >10° tissue 
culture infective doses of avian leukosis virus (RAV-1), and 
were vaccinated against Marek’s disease by intramuscular 
inoculation with approximately 2,000 plaque-forming units 
of turkey herpesvirus vaccine’. Tests for humoral immune 
function were performed at 16 weeks by inoculating killed 
Brucella abortus and sheep erythrocytes i.v. and bleeding 
for serum 1 week later’. All birds dying during the experi- 
ment were necropsied and survivors were killed and exam- 
ined for lymphoid leukosis at 33 weeks of age, using both 
gross and histopathological study. Table 1 includes the 
pooled data from two replicate experiments performed 1 
month apart in which the results were similar. 

Regardless of recipient genotype, cases of lymphoid 
leukosis occurred only in chickens receiving bursal cells 
from donors of susceptible genotype (Table 1, groups 1 and 
2). and no cases resulted from transfer of bursal cells of 
resistant genotype (groups 3 and 4). The incidence of lym- 
phoid leukosis in the successfully reconstituted recipients of 
susceptible-type bursal cells (groups 1 and 2) was lower than 
in the untreated susceptible controls (group 8). Successful 
B-cell functional reconstitution with bursal cells was 
achieved in almost all the syngeneic transfers (groups 2 and 


Table 1 Effect of bursal cell transfer on antibody response and lymphoid leukosis development in cyclophosphamide-treated chicks 


Donors Recipients No. 
Group Phenotype Phenotype Treatment tested 

1 S R CY 39 
2 S S CY 32 
3 R S CY 20 
4 R R CY 22 
5 None R CY 26 
6 None S CY 29 
7 None R None 26 
8 None S None 18 


Antibody and LL among responders 
B 


No. (%) SE Ba 
responders* Titre-+ Titre-+ ZELL 
15 (38) 10.4 10.3 50 
32 (100) 11.5 11. 44 
10 (50) 8.0 6.8 0 
21 (95) 10.9 8.8 0 
0 = — 0 
0 oa 2.6 0 
26 (100) 11.6 11.2 4 
18 (100) 11.9 10.4 100 


Groups of genetically resistant (R) or susceptible (S) recipients were treated with cyclophosphamide (CY) on days 0-2 after hatching and 


received i.v. transfers of bursa! cells 3 d after hatching from 10-d-old R or S donors. At 16 weeks, all birds were injected i.v. 
(Ba) and sheep erythrocytes (SE), and bled for serum 1 week later. Resu 


*Responders to both SE and Ba. In group 
tMean log, titre of responders to each antigen. 
TLL, lymphoid leukosis. 


with Brucella abortus 


Its of two replicate experiments were similar and are pooled. 
6, 12/29 responded to Ba with very low titres (1-5 loge). 
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4), as shown by the incidence and titres of antibody res- 
ponses. Reconstitution was less effective in the semi- 
allogeneic transfers, being 50% in the histocompatible 
group (RS) and 38% in the converse histoincompatible 
group 1. Nevertheless, the results for lymphoid leukosis 
incidence, based on successfully reconstituted chickens only, 
were clear-cut. Similar results were obtained in experiments 
in which susceptible chicks were reconstituted with syn- 
geneic bursal cells’. It seems that the chance of bursal cells 
becoming transformed by leukosis virus may be somewhat 
reduced in some reconstituted chicks, even though there 
are sufficient stem cells available to repopulate the antibody- 
forming system. 

In confirmation of our previous findings’, the effect of 
cyclophosphamide treatment was to lower lymphoid 
leukosis incidence from 100% to zero in susceptible chickens 
(groups 6 and 8), accompanied by a near-total suppression 
of humoral immune responses. The very low incidence of 
lymphoid leukosis. in resistant chickens (4%, group 7) was 
reduced to zero by cyclophosphamide treatment (group 5), 
with total loss of antibody responses. 

From the clear-cut evidence that differences in lymphoid 
leukosis incidence between groups of birds with successful 
restoration of the bursal system are associated with the 
genotypes of the donors rather than of the recipients, we 
conclude that resistance to lymphoid leukosis of line 6, 
chickens is conferred on them by the bursal cells and not 
by other cellular elements of the immune system such as 
thymic or thymus-derived cells or non-lymphocytes. 
Although it is possible that this resistance may reside in 
B cell-mediated specific humoral immunity alone, as may 
occur in feline leukaemia”, it seems more likely that an 
intrinsic inability of the bursal target cell to become infected 
or transformed is the major factor. 
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Two mechanisms of migration inhibition 
factor induction by tumour antigens 


EVIDENCE has accumulated which stresses the importance 
of lymphokines in cell-mediated immunity both in vivo and 
in vitro’. But, the processes leading to release of lympho- 
kines by antigen-activated lymphocytes, the mode of action 
of these lymphokines and their exact role in cell-mediated 
immunity are still not well defined. It has, however, been 
recognised that in vitro activation of immune lymphocytes 
by soluble antigens is macrophage dependent and that this 
activation is under the control of gene products of the 
major histocompatibility complex (H-2 in the mouse)’. 
Using a Moloney murine sarcoma virus (MSV)-induced 
tumour system, we have shown, in agreement with reports 
of some other systems**, that immune T lymphocytes 
required macrophages for migration inhibition factor (MIF) 
production and, in addition, only histocompatible macro- 
phages could assist immune T lymphocytes for MIF release 
after stimulation with soluble tumour-associated antigens’. 
We report here that gene products of the H-2 complex 
regulated the macrophage-immune lymphocyte interaction 
for MIF release when soluble tumour extracts were used 
as the source of antigen. ln contrast, when intact tumour 
cells were used as the source of antigen, a macrophage 
requirement was not detectable. Moreover, the direct 
Iymphocyte-tumour cell interaction for MIF release was 
not under H-2 restriction, since allogenic as well as 
syngeneic tumour cells could activate MIF release from 
immune lymphocytes. These findings suggest the existence 
of at least two different pathways for MIF production, 
reflecting perhaps the activation of two distinct sub- 
populations of T lymphocytes or the activation of T 
lymphocytes at two different stages of differentiation. 

To assess MIF production we used an indirect Agarose 
droplet assay’. Immune spleen cells (ISC) were removed 
from C57BL/6N (B6) mice 12-14d after inoculation of 
a regressor strain of MSV. ISC were depleted of macro- 
phages (d-ISC) by treatment with carbonyl iron powder and 
magnet or by passage over rayon adherence columns? or 
Sephadex G-10 columns’. To generate MIF in the presence 
of soluble tumour-associated antigens, B6 d-ISC were in- 
cubated with normal peritoneal exudate cells (PEC) induced 
by light mineral oil and treated with anti-Thy-1.2 antisera 
plus complement. Two sources of soluble tumour-associated 
antigens were used: a 3 M KCI extract from Rauscher virus- 
induced ascitic lymphoma (RBL-5) and a 3M KC! extract 
from chemically induced ascitic lymphoma [EL4 (G-)]. 
RBL-5 cells carry the relevant antigens to which B6 ISC 
are sensitised, whereas EL4 (G-—) do notë. Alternatively, 
MIF was produced from B6 d-ISC by incubation with tissue 
culture RBL-5 cells or cryopreserved RLV or MLV ascitic 
tumour cells treated with puromycin (20 ug per 10” cells). 
2-Mercaptoethanol at the final concentration of 5X107°M 
was added to the cultures since it was found to increase the 
levels of MIF production by d-ISC. Each experiment was 
performed in quadruplicate and repeated at least 5 or 6 
times. In the culture conditions used, NSC plus RBL-5 
tissue culture cells or RBL-5 cells alone were found negative 
for MIF production as shown in a previous report’. 

Table 1 shows MIF production by ISC in response to 
3 M KC! soluble tumour extracts of RBL-5 cells while the 
ISC, depleted of macrophages, failed to release detectable 
amounts of MIF when stimulated with soluble tumour 
antigen. The reaction was antigen-specific because no MIF 
production was observed with 3 M KCI soluble extracts of 
EL4 (G-). However, we were able to restore the ability of 
d-ISC to produce MIF by the addition of syngeneic PEC 
or PEC from B10 mice sharing the same H-2 complex, but 
differing at many other genetic loci from B6 mice. In 
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contrast, PEC from B10.A and Bi0.D2 mice which are 
congenic to B10 mice and differ only at the H-2 locus 
were not able to restore MIF production by B6 d-ISC in 
response to the antigen. Allogeneic PEC from BALB/c mice 
were also unable to cooperate with d-ISC in MIF produc- 
tion. Similar results have been observed with BALB/c mice 
bearing tumours induced by a regressor strain of Moloney 
murine sarcoma virus (unpublished). In a previous study’ 
we showed that the inability of allogeneic macrophages to 
cooperate in MIF production was not due to a malfunction 
of macrophages or to an inhibitory effect in allogeneic cell 
mixtures, so these results indicate that the ability of macro- 
phages to assist d-ISC in the production of MIF in response 
to a soluble antigen is controlled by gene products mapping 
in the H-2 complex. 

Since in vivo lymphocytes come in contact with tumour 
antigens in both soluble form and in insoluble form (as 
tumour cells), we felt it was important to examine MIF 
production from immune lymphocytes stimulated with 
intact tumour cells instead of soluble tumour-associated 
antigens and to compare the role of macrophages with the 
two forms of antigen. Table 2 shows that B6 ISC, depleted 
of macrophages by different techniques, were able to 
produce MIF when the antigen was on intact tissue culture 
tumour cells. Moreover, MIF was already detectable at 4h 
after initiation of culture while using soluble tumour 
extracts. MIF production required 14-16 h in addition to the 
preincubation of the soluble antigen with macrophages. 
Since the RBL-S5 cells used were from an established culture 
cell line devoid of macrophages and the percentage of 
macrophages after treatment with carbonyl iron powder 
plus magnet in association with rayon adherence column 
was about 0.1%, as evaluated by latex particle ingestion and 
esterase staining”, MIF production in response to intact 
tumour cells as antigen did not have a detectable require- 
ment for macrophages. As H-2 compatibility is required 
for the interaction between PEC and d-ISC in the induction 
of MIF by soluble antigen, it was of interest to determine 
if the same restriction held for the interaction between 
d-ISC and tumour cells in the generation of MIF. Table 3 


Table 1 Requirement of H-2 compatible macrophages for MIF 


production by B6 ISC in presence of soluble tumour-associated 


antigens 
Source of PEC H-2 3M KCI 3M KCl 
PEC type RBL-5 EL4 (G-) 
ISC — — 0.78* 0.98 
d-ISC — — 1.07 1.05 
E B6 b 0.73 
i B10 b 0.71 
2 BIO.A a 1.01 
4 B10.D2 d 1.07 
i BALB/c d 1.05 


B6 ISC (5 x 10° ml), untreated or treated by rayon adherence 
columns (d-ISC) and mixed with 2.5 x 10° peritoneal exudate cells 
(PECs) from normal B6, B10, BIO.A, B10.D2 and BALB/c mice, 
were incubated with 3 M KCI extracts of RBL-5 or EL4 (G-) tumour 
cells. After 4 h at 37 °C the cell mixtures were washed and resuspended 
in | ml of fresh medium containing 0.5% foetal bovine serum (FBS) 
for 42 h at 37 °C in 5% CO, atmosphere. The supernatants, adjusted 
to 10% FBS, were tested on normal B6 PEC induced by light mineral 
oil. Two ul droplets of Agarose medium solution, containing 
8 x 10° PEC. were placed with a microdispenser (Drummond 
Scientific) in the centre of each well of Falcon plastic Microtest II 
(3040) culture plates. Each droplet was allowed to solidify at room 
temperature for 5 min and then 0.1 ml of stimulated or control 
culture supernatants was added. After 24 h at 37 °C in a humidified 
5% CO, atmosphere the migration area images were projected, 
traced and measured by planimetry. 

* Migration index (M.I.) where 


ve Migration area with stimulated supernatant 
= Migration area with unstimulated control supernatant 


All the M.I. under 0.85 were considered positive as determined 
previously®. 
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Table 2 MIF production by macrophage-depleted B6 ISC in response 
to intact tumour cells 


Tumour Cells 
Treatment of ISC RBL-5 EL4 (G-) 
Carbonyl iron-magnet 0.37* 1.11 
Rayon adherence column 0.64 0.97 
Sephadex G-10 column 0.41 1.05 
Carbony! iron-magnet -+ 0.52 1.02 


rayon adherence column 





B6 ISC (5 x 10%), depleted of macrophages by various techniques, 
were mixed with 5 x 105 RBL-—5 tissue culture cells or EL4 (G-) 
tumour cells in 1 ml of medium containing 0.5% FBS and incubated 
for 48 h at 37 °C in 5% CO, atmosphere. The supernatants, adjusted 
to 10% FBS, were treated as described in Table 1. 

+ Migration index calculated as in Table 1. 


_shows that d-ISC were able to produce MIF in response to 


tumour-associated antigens on allogeneic cells as well as on 
syngeneic tumour cells. At the ratio of 10:1 effector cells: 
tumour cell no activity was observed with normal spleen 
cells in the presence of allogeneic target cells, excluding the 
possibility of MIF release by allogeneic stimulation as has 
been observed with longer periods of incubation”. 

These results demonstrated that tumour-associated anti- 
gens stimulate MIF production by immune lymphocytes by 
two different mechanisms. In the first one, involving soluble 
tumour-associated antigens, responses occur only when the 
antigens are presented on macrophages sharing the same 
H-2 of the mice used for in vivo sensitisation. In the second 
one, involving intact target cells, the tumour-associated 
antigens on the membrane of the tumour cells seem to be 
sufficient by themselves, independent of H-2 products on 
their surface and of macrophages, to stimulate the immune 
lymphocytes to produce MIF. The lack of H-2 restriction 
in the mechanism of direct lymphocyte—tumour cell inter- 
action seen in this study is in agreement with other findings 
from our laboratory indicating that the killing of tumour 
cells by immune T lymphocytes as measured by 16-18h 
Cr assay is not under H-2 restriction'™™. Plata et al. also 
obtained results showing that H-2 restriction in the MSV 
system is not absolute’. The characteristics of the MIF 
response to soluble tumour antigens are similar to those 
observed in the induction phase of the immune response in 
other systems’, in which lymphocytes recognise soluble 
antigens only when bound to the H-2 products of the 
macrophage membrane, and our results are in accord with 
the ‘complex antigenic determinant model’ proposed by 
Thomas and Shevach**. On the other hand, the tumour- 
associated antigens presented on intact tumour cells would 
seem to allow stimulation of immune lymphocytes directly, 
without the requirement for macrophages or for similarity 
at the H-2 complex. This might be accounted for by a 


Table 3 Ability of macrophage-depleted B6 ISC to produce MIF in 
presence of syngeneic as well as allogeneic tumour cells 


Tumour cells H-2 type Inducing agent ISC NSC 
RBL-5 b RLV* 0.76t 0.99 
MBL2 b MLY 0.73 1.07 

EL4 (G-) b Benzpyrene 0.97 0.95 
LSTRA d MLV 0.70 0.98 
YC8 d MLV 0.77 1.08 
YAC a MLY 0.79 1.10 


B6 ISC or NSC (5 x 10°), depleted of macrophages by rayon 
adherence columns, were mixed with 5 x 10ë frozen tumour cells in 
1 ml of medium containing 0.5% FBS and 2-mercaptoethanol 
(5 x 10-5 M) for 48 h at 37 °C in 5% CO, atmosphere. The super- 
natants, reconstituted with 10% FBS, were tested as in Table 1. 

* RLV, Rauscher leukaemia virus. MLV, Moloney leukaemia virus. 

tT Migration index calculated as in Table 1. 
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.Teaction to cell-bound antigens by a different subpopulation 
of lymphocytes or by lymphocytes at a different stage of 
differentiation, perhaps the same subpopulation of cells 
which are capable of cytotoxicity against intact syngeneic 
or allogeneic tumour target cells (which also have no 
macrophage requirement). Alternatively, MIF production 
by immune lymphocytes to soluble tumour antigens versus 
intact tumour cells may be in response to different anti- 
genic specificities, only one of which requires the aid of 
H-2 compatible macrophages. In any event, the lack of H-2 
restriction in direct lymphocyte-tumour cell interaction has 
interesting implications for the mechanisms involved with 
in vivo tumour rejection, as it has been shown previously 
that by immunising with allogeneic BALB/c lymphoma 
(LSTRA), B6 mice could be protected from challenge with 
. a syngeneic tumour (MBL-2)"°. 

We thank Dr Ethan M. Shevach for helpful discussions. 
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Correction of human mucolipidosis II 
enzyme abnormalities in somatic cell hybrids 


THE mouse genome has been used to correct the abnormal 
enzyme phenotype of a human neurodegenerative disorder 
and to provide information on the nature of the molecular 
defect. This has been demonstrated in man—mouse somatic cell 
hybrids using human cells derived from an individual with 
mucolipidosis IT. Mucolipidosis II (ML ID) or I-cell disease is a 
rare fatal childhood storage disease which is associated with 
deficiencies and electrophoretic abnormalities of several lyso- 
somal hydrolases!~*, Somatic cell hybridisation provides a 
methodology for examining the expression of mutant genes 
and for identifying and mapping genes associated with human 
enzyme abnormalities. We have examined the isozyme patterns 
of six enzymes altered in this disorder in man—mouse hybrids 
formed with fibroblasts from an ML II patient. These altered 
enzymes showed corrected patterns of expression in cell hybrids. 
Since several human enzymes are corrected, a defect in the 
post-translational processing of lysosomal enzymes is suggested. 
Previous studies fusing human lysosomal storage disease cells 
with rodent cell lines have failed to demonstrate correction of 
the enzyme deficiencies by the rodent genome®-*. We present 
here the first example of the correction of an abnormal enzyme 
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phenotype associated with a human lysosomal storage disease 
by fusing human and mouse genomes. 

Children affected with the autosomal recessive ML II dis- 
order show Hurler-like clinical features with growth and mental 
retardation and mucopolysaccharide and glycolipid storage 
culminating in death by age 2-6 yr (refs 1, 2). Cultured fibro- 
blasts from ML H children show large numbers of cytoplasmic 
inclusions and deficiencies (2—10 % of normal) of the lysosomal 
hydrolases B-hexosaminidase, B-glucuronidase, B-galactosidase, 
a-galactosidase, a-mannosidase, arylsulphatase, and a-fuco- 
sidase***, Many of these enzymes are found at elevated levels in 
culture media and in serum‘, Altered electrophoretic pheno- 
types have been observed for B-hexosaminidase!® and several 
hydrolases excreted from ML II cells". We have reported 
altered phenotypes for B-hexosaminidase, acid phosphatase,, 
a-mannosidasey, esterase-A,, and adenosine deaminase-d in 
cultured ML II fibroblasts!*. These abnormalities provide 
markers for determining if the defect can be corrected by the 
addition of normal genetic material through cell hybridisation. 

Mucolipidosis IL fibroblasts (GM 1006, Human Genetic 
Mutant Cell Repository) were established from a female 
patient (L.T.) with ML II symptoms and multiple lysosomal 
enzyme deficiencies!*!*, ML II fibroblasts were hybridised 
with two mouse cell lines: RAG (HPRT~) and LM/TK-, 
using Sendai virus as described previously!45. Thirty-six 
independent clones were isolated consisting of 20 ML Ix RAG 
hydrids (ICR) and 16 MLII x LM/TK~ hybrids (ICL). Hybrid 
clones appeared with a frequency of about 10-*. Primary 
hybrids were selected, cloned, expanded and collected as 
described previously*. Enzyme assays of hybrids were accom- 
plished at early passages** to maximise the number of human 
chromosomes retained in hybrids. 

Enzymes with altered electrophoretic patterns in ML II 
fibroblasts were examined after cell hybridisation. Previously 
it was reported that B-hexosaminidase (HEX), acid phos- 
phatase, (ACP,), and adenosine deaminiase-d (ADA-d) have 
altered electrophoretic banding patterns in ML II fibroblasts!%12, 
The normal and ML II electrophoretic patterns of HEX, ACP,, 
and ADA-d in human fibroblasts are compared in Fig. 1. 
Mobility of these enzymes in ML IL x mouse cell hybrids was 
examined and compared with control hybrid patterns. Figure 1 
shows that in ML It hybrids HEX, ACP., and ADA-d were 
identical to controls. Thus, B-hexosaminidase showed normal 
mobility of the human HEX, and HEX, bands and failed to 
demonstrate the altered HEX band seen in ML II fibroblasts. 
Human ACP, was identified in hybrids predominantly as the 
man-mouse ACP, intermediate heterodimer and revealed 
normal electrophoretic mobility and expression. Human 
ADA-d was also identical to the ADA-d band in control 
hybrids. 

Enzymes severely deficient in ML II fibroblasts were also 
examined in cell hybrids. Figure 1 demonstrates that the lyso- 
somal enzymes f-glucuronidase (BGUS), o-mannosidase 
(MANs3), and esterase-A, (ESA,) from extracts of ML II 
fibroblasts are weakly detected on starch gels. But human 
BGUS, MANgs, and ESA, in ML ILxmouse cell hybrids 
showed levels of expression on starch gels similar to control 
hybrids (Fig. 1). Human chromosomes are eliminated in 
man—mouse cell hybrids, so not every hybrid clone retained all 
the lysosomal enzyme markers. But, in each of the 36 hybrid 
clones examined, at least one of the lysosomal enzymes was 
retained and demonstrated the normal phenotype. A similar 
correction pattern was not observed by co-cultivation of mouse 
and ML II cells or by mixing of cell homogenates. The mouse 
enzyme pattern was never altered in hybrid clones. 

It is possible that the chromosome on which the ML II gene 
is located is lost in these cell hybrids. Loss of the ML II chromo- 
some might result in the corrected expression of the affected 
enzymes. Evidence supports complementation of the ML IZ 
defect since in 36 independent hybrids normal phenotypes of 
the enzymes were observed in each hybrid clone. The human 
chromosome complement in hybrid clones was determined 
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Fig.1 Starch gel electrophoretic patterns of 
lysosomal enzymes in L I xmouse cell 
hybrids. Enzymes shown include N-acetyl-B- 
hexosaminidase (HEX); acid phosphatase, 
(ACP,); adenosine deaminase (ADA); ß- 
glucuronidase (GUS); lysosomal a-mannosi- 
dase (MANsg); and esterase-A, (ESA,). 
Channels (1) RAG, mouse parental cell line; 
(2) ML II cultured fibroblast line GM 1006; 
(3) normal human fibroblasts, WI-38; (4-6) 
ML Uxmouse cell hybrids; (7) control 
man-—mouse hybrids showing normal positive 
human enzyme expression. Control hybrids 
were formed with WI-38 or other normal 
human fibroblasts fused to RAG cells?®. 
HYB(+) indicates hybrid clones positive for 
the human enzyme and HYB(—) indicates 
negative human enzyme expression. Arrows 
indicate the altered HEX, ACP», and ADA-d, 
bands in ML I fibroblasts. The ML [I 
extract for HEX was concentrated to 
demonstrate the altered HEX band. 
Differences in mobility of the rodent GUS 
band in hybrids is due to genetic variation in 
the mouse parental cells previously re- 
ported?!. Starch gel electrophoretic pro- 
cedures and enzyme staining were as de- 
scribed previously*’. 


by examining 35 enzyme markers representing each of the 
human chromosome linkage groups! $, Although individual 
hybrids did not retain all human chromosomes, the entire 
genome was represented when all hybrids were taken together. 
This evidence suggests that the ML II defect was present in 
hybrids, but was complemented by the mouse genome. 

Correction of ML IL enzyme defects was also tested by 
examining linkage relationships of affected enzymes in cell 
hybrids. The negative expression of a deficient enzyme could 
result from either the loss of the chromosome encoding the 
enzyme or deficiency due to the presence of the ML H mutant 
gene. This was tested by examining segregation patterns of 
lysosomal enzymes with other enzymes assigned to the same 
chromosome. Concordant segregation was examined for ESA, 
linked to LDH, on chromosome 11 (ref. 14); HEX, linked to 
MPI, PK, and IDHm on chromosome 15 (refs 17, 18); and 
MAN,» which we have assigned to chromosome 19 with GPI 
and PEPD (ref. 16). The ESA4, HEX,, and MAN lysosomal 
enzymes in hybrids revealed normal segregation patterns with 
their linked markers (Table 1). Thus when the lysosomal enzyme 
was absent, other markers on the same chromosome were also 
absent. These normal segregation patterns of affected enzymes 
and their linked markers suggest further the correction of the 
ML II enzyme phenotype. 


Cell hybridisation studies with other human lysosomal storage , 


disorders have not demonstrated correction of the deficient 
lysosomal enzymes. Thus in Tay Sachs-rodent hybrids, the 
deficient human HEX, enzyme is not demonstrated®, Sandhoff- 
rodent hybrids do not express the deficient human HEX, and 
HEX, bands®*, Fabry—hamster cell hybrids fail to express 


I'2'3'4'5'6'7' 








detectable human a-galactosidase’, and hybrids with man- 
nosidosis fibroblasts do not express human lysosomal MANs 
(ref. 8). 

There is evidence to suggest that ML IL may be associated 
with a deficiency in the metabolism of sialic acid coupled 
glycoproteins. Several lysosomal enzymes from ML H cells 
including HEX, ACP., and MAN, seem to be excessively 
sialylated4+*12, Cultured ML II fibroblasts have been reported 
to contain high levels of sialic acid!’ and are severely deficient 
for an acid sialidase®*°. It is not known if this sialidase 
deficiency represents the primary ML II lesion, however. 

Complementation of ML I. enzyme defects in man—mouse 
hybrids is indicated since (1) the enzymes HEX, ACP,, and 
ADA-d had normal electrophoretic patterns in ML I hybrids; 


nn 
Table 1 Segregation of lysosomal enzymes with linked enzyme 
markers in ML II x mouse hybrids 


+e He Ot OI 
ESA,/LDHa 24 0 3 9 
HEX,/MPI, PK, IDHm 20 1 0 15 
MAN,/GPI, PEPD 26 1 1 8 


Human gene assignments of lysosomal enzymes determined from 
man-—rodent somatic cell hybrid studies were reported previously aie. 
Values are numbers of independent hybrid clones scored positive (+) 
or negative (—) for expression of enzyme markers. The few dis- 
cordant clones observed were similar to numbers in control hybrids 
and are accountable due to different sensitivities of enzyme stains 
and/or chromosome breakage. Enzyme markers for each hybrid 
clone were determined from the same cell homogenate. 
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(2) BGUS, MANg, and ESA, showed normal levels ofexpression; 
(3) the ESA,, HEX,, and MAN» enzymes showed normal 
linkage relationships: and (4) all the human chromosomes 
were represented when all hybrids were considered. This 
evidence suggests that the ML IL mutation was present and 
that the mouse genome can correct the multiple enzyme 
abnormalities of the ML II disorder. 

Correction of enzyme defects in ML II hybrids shows that 
these enzyme abnormalities are not defects in the primary 
structure of individual enzymes. Rather, these results are 
consistent with this disorder resulting from a defect in the 
post-translational processing of multiple lysosomal enzymes 
which can be corrected by the mouse genome in man-—mouse 
hybrids. 

This work was supported in part by grants from the National 
Foundation—March of Dimes (1-485). 
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Calcium ion regulates 
chemotactic behaviour in bacteria 


CHEMOTAXIS is the process by which bacteria travel to higher 
concentrations of attractant or lower concentrations of repellant. 
Its study has attracted wide interest as an example of the 
stimulus-response network since bacteria are the most primitive 
of living creatures. Behaviour in peritrichous bacteria is indeed 
simple: bacteria alternately swim smoothly and tumble, which 
results in random reorientation for the next swim}. Chemotaxis 
occurs by the increasing tendency of bacteria to tumble when 
headed in the ‘unfavourable’ direction and by increasing 
inclination to swim when the bacteria are headed in the 
‘favourable’ direction (such as towards higher attractant 
concentrations)"?. Tumbling is caused by clockwise rotation of 
flagella and swimming by counter-clockwise rotation’, Addition 
of repellent to bacteria causes tumbling; addition of attractant 
causes swimming*~*, Understanding how the switch that 
controls direction of flagellar rotation is controlled and how the 
controlling parameter is regulated by changes in attractant or 
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repellent concentration is necessary to understand chemotaxis. 
Here I present evidence that for Bacillus subtilis the fiee 
concentration of internal Ca2+ ion controls direction of flagellar 
rotation (high concentrations bringing about tumbling; low 
concentrations, swimming) and that repellents, which cause 
tumbling when added to bacteria, work by increasing the flow 
of Ca?* ion across the plasma membrane. 

B. subtilis was grown in minimal medium, filtered, washed 
and suspended at about 1.7 x 107 bacteria per ml. A23187, an 
antibiotic that transports divalent cations across membranes 
and hence tends to equilibrate the free concentrations of these 
cations in aqueous compartments separated by membranes’, 
was sometimes added as a 1:1000 dilution from a stock in 
ethanol: 0.1% ethanol itself did not affect behaviour. Samples 
of 4 or 9 ul were then placed, sometimes in a blind experiment, 
on a washed microscope slide and the bacterial behaviour 
observed at the top of the drop. 

The purpose of the experiment was to regulate the internal 
concentration of Ca?+ ion, which is present in very low 
concentrations because it is normally extruded from bacteria’, 
to see whether the ion might play a role in controlling behaviour. 
Buffered Ca was added to a basic buffer (Table 1). By adding 
high concentrations of the chelating agent, EGTA, and CaCl, 
in the correct concentrations, one could stably maintain low 
concentrations of free Ca?+ ion. To minimise depletion of 
cellular Mg, EGTA was chosen because of its low stability 
constant for Mg?* ion (10+-°) (ref. 9). 

In absence of A23187 in 10-*M Ca2t ion, the bacteria swam 
erratically’®. As the concentration of free Ca2+ ion was lowered, 
the bacteria swam progressively more smoothly. In absence of 
Ca?*+ ion, they only tumbled occasionally’. In fact, it was 
possible in blind experiments to distinguish, although some- 
times with difficulty, the decrease in tumbling between 10-4M 
and 10-°M, 10-5M and 10-°M, 10~-8M and 107M, 10-7M and 
1078M, and 10~-8M and none. 

In presence of A23187, behaviour was dramatically altered. 
Bacteria became incessant tumblers at 10-7M and higher Ca2+ 
ion and, as without A23187, nearly incessant swimmers at 
10~°M and lower Ca?+ ion (Table 1; and see ref. 10). Further- 
more, strong attractant, 10-?M alanine, 10°-fold above its 
threshold, did not cause swimming in bacteria in 10-7M 
Ca?* ion and A23187. Finally, with no A23187, strong repellent, 
3.2 10-*M_ pentachlorophenol, 32-fold above its threshold® 
did not cause tumbling if the external Ca2+ ion was 10-§M or 
lower. 

These results indicate that internal Ca2+ ion is likely to 
regulate the direction of flagellar rotation. Ca2+ ion is presumed 
to bind, with Kg of 10-? to 10-8M, to the switch that controls 


Table 1 Effect of regulation of cytoplasmic Ca?+ ion using an 
ionophore and Ca buffer 


[(Ca**]rree [EGTA]totai [Ca?*]eotar Behaviour in A23187 
10-4 10-4 2x 10-4 Tumble 
10-5 10-3 9.94 x10-4 Tumble 
10-8 10-3 8.63 x10-4 Tumble 
107 10-3 6.13 x 10-4 Tumble 
10-8 10-3 5.935 x 10-4 Swim 
0 10-3 0 Swim 


——— 


Suspension buffer contained the following components: 5 x 10-3M 
piperazine-N, N’-bis(2-ethane sulphonate) pH 6.9, 3x10-2M KCI, 
5 mM sodium lactate, 0.05% glycerol, 3 x 10-4M chelex-100 treated 
(NH,)SO,, and EGTA CaCl, as above. A23187 was used at 
1.37 10~§M. The concentration of free Ca2* ion was calculated 
from the equation® [EGTA]ota = ([Cah/K[Ca?*]trec) — W/K + 
[Calota — [Ca?+]rree, using an apparent stability constant (K) 
for Ca-EGTA of 10°® (ref. 9). Bacteria were grown in minimal 
medium containing 10-2 M Na lactate and 0.1 % glycerol to 75 Klett 
units (filter 66), about 2.6 x 10® bacteria per ml. Experiments were 
carried out as described in ref. 10 except that observation was made 
at the top of the drop, not near the slide, since bacteria tended to 
stick to the glass. 
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direction of flagellar rotation. When the switch is bound with 
Ca?+ ion, tumbling (clockwise rotation) is favoured; when 
unbound, swimming is favoured. Normally the bacteria 
successfully keep it out since even in 10-*M external Ca?+ ion 
the bacteria do not tumble incessantly. But A23187 readily 
conveys it into the cell since even 10~7M Ca?+ ion makes the 
bacteria perpetual tumblers. Repellent is assumed to bring 
about a transient depolarisation of the membrane®** and to 
increase its permeability to Ca?+ ion since, in absence of 
A23187, no tumbling response ensues if the external Ca?* ion 
concentration is low enough (see above). i 

Similar results were obtained in a previous study!? when 
EGTA was added to B. subtilis in A23187. But, when Mg as 
well as Ca was removed from cells using A23187 and EDTA, 
then incessant tumbling ensued. One explanation!? is that 
Me?* ion and Ca?* ion are antagonists at the switch. Because 
internal Mg content is very high (20-40 mM)?3, the fractional 
change in the concentration of Mg?+ that occurs during 
chemotactic stimulation is probably very small; in the absence 
of Ca2+, Mg?t+ binds to the switch and the cells swim smoothly. 
In absence of either ion, the switch stays in the tumbling 
(clockwise) rotation mode. 

There is strong evidence that Ca?* ion has a universal role in 
the contro! of biological processes. It regulates direction of 
swimming by Paramecium, for instance, when Paramecium 
strikes a barrier, the membrane depolarises and Ca?*+ ion 
enters and causes a change in the direction that the cilia point. 
Thus, Paramecium backs up** -16 (This mechanism is similar 
to the way repellents of B. subtilis act; attractants act 
differently!2.) When light strikes rhodopsin, Ca?* ion flows out 
of the discs in which rhodopsin is housed into the cytoplasm 
and there brings about depolarisation of the plasma membrane 
to begin transmission of the nerve impulse to the brain”. 
Arrival of a nerve impulse to muscle leads to release of Ca?+ ion 
from sarcoplasmic reticulum to bring about muscle contraction 
and its return allows muscle relaxation!®. Intracellular Ca?* 
ion, which is affected by extracellular Ca?+ ion, regulates 
insulin release from the islets’’. Variations in intracellular 
Ca?+ ion, whose fluxes across the plasma membrane of liver are 
affected by a-adrenergic hormones, regulate phosphorylase and 
glucose release®®. This process is repeated again and again. 
This special regulatory role for Ca2+ jon may have been chosen 
early in evolution; it seems to be the controlling element in the 
most primitive of sensory systems, chemotaxis in bacteria. 

I thank Dr Robert L. Hamill, Lilly Research Laboratories, 
Indianapolis, Indiana, for A23187. I am supported by grant 
GM21130 and Research Career Development Award GMO00160 
from the Institute of General Medical Sciences, NIH. 
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n ee eS 


Histamine induces release of an eosinophil 


immobilising factor from mononuclear cells 


LIBERATION of factors chemotactic for eosinophil granulo- 
cytes is often associated with the release of histamine from 
mast cells and basophils. This is true for the eosinophil 
chemotactic factor of anaphylaxis (ECF-A), which is 
secreted together with histamine from mast cells and baso- 
phils’. It also applies to the generation of chemotactic 
factors by the activation of complement (C), which leads to 
the liberation of anaphylatoxin’. T herefore, it was of inter- 
est to study whether histamine had any effect on the migra- 
tion of eosinophils towards chemotactic attractants. We 
describe ‘here a factor which inhibits the migration of eosino- 
phil granulocytes and which is released from mononuclear 
cells upon incubation with histamine. 

Eosinophils were induced in guinea pigs by intraperitoneal 
injections of a crude extract of Ascaris suis, 4mg twice 
weekly for at least 2 weeks. Four days after the last in- 
jection the cells were collected by peritoneal lavage. The 
cell suspension contained between 30 and 70% eosinophils, 
remainder being almost exclusively mononuclear cells. Two 
cell types could be separated by centrifugal elutriation with 
a Beckman elutriator rotor’ to yield an eosinophil rich 
fraction of 90-97% purity, and an eosinophil poor fraction 
of mononuclear cells with 1-2% eosinophils. 

The eosinophils showed a good chemotactic response to 
normal human serum which had been treated with baker’s 
yeast (50 mg per ml serum) for 1h at 37°C to activate 
complement (C-activated NHS). They were also attracted to 
casein at concentrations of 0.5-2.0 mg ml: and, to a lesser 
extent, to histamine, which exhibited an optimal cell 
response at a concentration of 10°*moll™ (Fig. 1). To 


Fig. 1 The effect of histamine at various concentrations on the 
migration of guinea pig eosinophils of 40% purity towards 
C-activated NHS. The upper compartment of the chemotaxis 
chamber contained 3 x 10° cells per ml Hank’s balanced salt solu- 
tion (HBSS), to the lower compartment was added per ml HBSS 
either 50 yl of C-activated NHS ( dashed line), or histamine (MM) or 
50 ul C-activated NHS plus histamine (@).Chemotaxis was assayed 
ina modified Boydenchamber using micropore filters of 8 um pore 
size (Schleicher & Schill, Gottingen, Germany). The leading front 
of migration into the filter was measured?>, 
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analyse the influence of histamine on the chemotactic 
migration towards C-activated NHS, histamine at various 
concentrations was added to the attractant in the lower 
compartment of a chemotaxis chamber. When the cell 
preparation contained less than 50% eosinophils, two 
effects were observed (Fig. 1). Concentrations of 107 to 
10™* mol 17, which themselves induced chemotactic migra- 
tion, increased the distance migrated by the eosinophils. At 
lower concentrations, however, histamine caused a dose 
dependent inhibition of eosinophil migration, which was 
most pronounced at 10™ moll’. In contrast, when 90% 
pure eosinophils were employed in the assay, only the en- 
hancing effect at high concentrations but no inhibition of 
migration at low concentrations was discernable (Fig. 2). 
This finding suggested that histamine did not inhibit the 
eosinophils directly, but induced the release of an immobili- 
sing factor from cells other than eosinophils. To test this 
possibility further the mononuclear fraction of peritoneal 
cells devoid of eosinophils was incubated with and without 
histamine at 10° mol!" for 1h at 37°C. The cells were 
then centrifuged, and eosinophils of 90% purity were sus- 
pended in the supernatant and assayed for chemotactic 
migration towards C-activated NHS. As depicted in Fig. 
3, there was some inhibition of eosinophil migration by the 
lh supernatant of mononuclear cells incubated without 
histamine. However, a marked inhibition of migration by 
80% was found when histamine was present during the 
incubation. The immobilising effect could not be attributed 
to histamine, since histamine at 107 mol 1“ did not reduce 
the mobility of pure eosinophils and. at higher concentra- 
tions was weakly chemotactic itself (Fig. 2). 
Furthermore, the histamine antagonists diphenhydramine 
and metiamide (Smith, Kline and French), although capable 
of blocking the histamine induced release of the immobil- 
ising factor from mononuclear cells, did not affect the in- 
hibition of eosinophil migration when added together with 
the mononuclear cell supernatant. The immobilising factor 
was not cytotoxic for eosinophils: at the end of the 2-h 
incubation period of eosinophils with the mononuclear cell 
supernatant more than 97% of the cells were found to be 
viable as tested by trypan blue exclusion. The effect could 
not be explained by the release of a chemotactic factor 


Fig. 2 The effect of histamine at various concentrations on the 
migration of more than 90% pure eosinophils towards C- 
activated NHS. C-activated NHS 50 pl per ml HBSS (dashed. 
line), histamine only (W), C-activated NHS plus histamine (@). 
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Fig. 3 The migration of 90% pure eosinophils suspended in HBSS 

a, the supernatant of the mononuclear cell fraction incubated 

for 1 h at 37 °C in the absence b and in the presence c of 10-8 

mol [~ histamine. The columns represent individual data from 
a representative experiment. 


from the mononuclear cells upon histamine treatment, 
since the supernatant when added alone to the lower 
compartment of a Boyden chamber did not exhibit chemo- 
tactic activity. 

We conclude therefore that histamine at a concentration 
around 10°* mol 17 stimulated mononuclear cells to release 
a factor which immobilised eosinophils. From a column of 
Sephadex G-10 the activity was eluted with the total 
volume indicating that its molecular weight was below 1,000. 
This precludes its identity with the neutrophil immobilising 
factor**, which has a molecular weight of 5,000. Pre- 
liminary results indicate that the eosinophil immobilising 
activity is released from the nonadherent fraction of mono- 
nuclear cells and that it affects the eosinophils and not the 
chemotactic factor. 

Various effects of histamine on the function of cells have 
been described. Aside from an inhibitory effect on the 
secretory function of mast cells and basophils®” it inhibited 
the destruction of target cells by cytotoxic T lymphocytes’, it 
reduced the number of plaque forming cells in an in vitro 
primary? and secondary” immune response, and it sup- 
pressed the production of the migration inhibitory factor 
MIF from immune lymphocytes". What is unusual about 
the effect of histamine described here is the stimulatory 
action on the secretory function of mononuclear cells and 
the low histamine concentration at which this effect is 
observed. 

It has been disputed whether histamine itself is chemo- 
tactic for eosinophil granulocytes. Like others’ we were 
able to induce increased migration of eosinophils towards a 
concentration gradient of histamine, but this differed only 
slightly from the increased random mobility and was con- 
siderably less pronounced than the attraction by C- 
activated NHS, casein or ECF-A. It has been suggested that 
the chemotactic activity of histamine towards eosinophils 
was an in vitro phenomenon which could not be observed 
in vivo”. Others, being unable to detect any chemotactic 
attraction, nevertheless, observed immobilisation of eosino- 
phils at the site of an injection of histamine™. It is con- 
celvable that this effect was induced by the inhibitor of 
eosinophil migration described here. We suggest that the 
accumulation of eosinophils observed in certain allergic 
diseases and in nematode infections may be the result of 
chemotactic attraction and inhibitor-induced trapping. 
Furthermore, it seems possible that the inhibitory functions 
of histamine described by others*™ are as well mediated by 
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inhibitors released from mononuclear leukocytes under the 
influence of histamine. 
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Dark noise in retinal bipolar 
cells and stability of rhodopsin in rods 


For the dark-adapted human observer, the absolute visual 
threshold has been estimated to be the effective absorption 
of 5-10 photons in an area covered by some 500 rods’. 
Although the quantum statistics of light enter as a factor 
which determines the frequency of seeing weak light 
stimuli?, it has been suggested that there is ‘noise’ in 


the visual system which ultimately limits the sensitivity 
of the eye’. Each rod in the human eye contains about 
10° rhodopsin molecules, and if the ‘noise’ arises from 
events in the rod indistinguishable from the effects of 
light, there must be an extremely low probability of 


Fig. 1 Voltage fluctuations in a 
dogfish bipolar cell in darkness 
and during steady full-field illumi- 
nation by blue-green light. Mean 
light flux density at 495 nm 
(photons s~? pm~7*): a, dark; b, 
1.91073: c, 7.41079; d, 2.1X 
x10-2; e, 0.92; f, 8.5. See ref. 6 
for methods of voltage recording 
and light calibration.) Membrane 
potential in the dark —47 mV; 
total noise variance 0.0310 mV* 
(corrected for electrode noise ob- 
served outside the cell). Mean de- 
polarisation and noise variance 
during steady light were for each 
intensity illustrated (in order of 
increasing intensity) 0.34 mV, 
0.103 mV2; 1.1 mV, 0.163 mV’; 
1.8 mV, 0.227 mV?; 7.2 mV, 0.101 
mvV?; 9.5mV, 0.0196 mV?. The 
highest intensity illustrated pro- 
‘duced saturation of the voltage 
response. Peak depolarisation of 
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spontaneous change produced in any single rhodopsin 
molecule (or at sites within the rod disk membrane leading 
to an elementary voltage change in the rod). We have 
analysed voltage fluctuations in bipolar cells as a probe 
of rod activity in the dogfish retina. A component of the 
noise has been identified as photon noise, superimposed 
on dark noise arising from photon-like events. This part 
of the dark noise has a large temperature dependence 
(Quv about 8), suggesting thermal isomerisation of rhodop- 
sin. The rate constant, extrapolated to 37 °C, would 
correspond to one isomerisation in 30s in a human rod, 
similar to estimates from the absolute threshold for human 
vision. 

Using intracellular microelectrodes, we have obtained 
recordings from bipolar cells in the dark-adapted retina 
of the dogfish, Scyliorhinus canicula. This retina contains 
primarily rod photoreceptors. The bipolar cells, which 
depolarise with light’’, have a high flash sensitivity 
indicative of a large dynamic voltage gain at the rod- 
bipolar synapse’. Voltage fluctuations in the bipolar cells 
in darkness and during steady light were analysed for their 
power spectral distribution. 

As shown in Fig. 1, the voltage noise increased from its 
dark level after presentation of light in the range 2x10" 
to 1 photon s* wm’. The power spectrum of the noise 
in complete darkness and during dim steady light consists 
of two components, one with a thalf-power point near 
1.3 Hz and the other near 7 Hz (Fig. 2). Several features 
of the cell’s response to light suggest that the low-frequency 
component of the noise arises from fluctuations in the 
rate of photons absorbed by the bipolar cell’s rod pool 
(‘photon noise’), superimposed on a noise present in the 
dark. The spectrum of the response to a dim, brief flash 
of light had power distributed over a similar range of 
frequencies as the low-frequency component of the noise 
spectrum (Fig. 2). At low light levels (less than 0.02 photon 
um? s~*), the mean depolarisation produced by steady light 
is proportional to the light intensity. The contribution to 
the total noise variance, obtained from the area under the 
low frequency component, increases linearly with light 
intensity at low light levels, as expected if the underlying 
statistics of the source are Poisson. It was further found 
that the peak amplitude of the elementary event underlying 
the low frequency component during steady dim light was 
the same as that obtained from an analysis of the fluctua- 
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noise variance reached a maximum 
value and then fell as light intensity 
increased. Temperature 17 °C. 


a | 


he Nigh ed f 
nf wi My as A emmy yt iy 


70 


-1 
A: aa F-a., 9. 
~ o 
oo ~ 

n Qo 
$ i a RO- 
7 i: 

Q-? a 
Ef a ee 
= 
2 4 9 
E h 
S Bo g 
D j 
3 10-3 ° 
Z i 

at 
10:4 
0.1 l 10 100 
f (Hz) 


Fig. 2 Power spectra of voltage noise in darkness (O) and during 
steady dim light (@), compared with the spectrum of the response 
to a dim flash (A, the modulus squared of the Fourier transform 
of the flash response). Analogue data, recorded on an FM 
tape recorder, were filtered by a low pass filter with a cut-off 
frequency of 100 Hz, and sampled at 256 Hz. Spectra, weighted 
by a Hanning function, were computed from data blocks 
containing 1,024 points using the fast Fourier transform. The 
spectra shown are the averages obtained from 32-76 5 of record 
and have been corrected for the electrode noise (mainly I /f noise). 
The spectrum of the response to a flash of light represents the 
average spectrum of 12 responses to 15-ms flashes delivering 
0.01 photons um~?, which gave a mean response of 2.3 mV. 
The spectrum of the dark noise has been subtracted and the 
result arbitrarily scaled to the lowest frequency points for the 
spectrum in dim steady light (4x 1073 photons s~ um~-?, mean 

epolarisation 0.33 mV). Noise variance in the dark attributable 
to ‘photon-like’ events = 0.032 mV?. Noise variance in dim 
steady light attributable to ‘photon noise’ +-‘photon-like’ events 
0.082 mV*, Membrane potential in the dark —54 mV; maximum 
peak depolarisation with bright light 23 mV; temperature 23 °C. 


tions in response to brief flashes of dim light’. This provides 
strong evidence that the same Poisson process is involved. 
The estimated peak amplitude of the response produced in 
the bipolar cell by one photon absorbed within its rod 
. pool has an average value of 0.25 mV. 

The response of photoreceptors to flashes of dim light 
can be described by equations of the same form as the 
impulse response of an electrical network consisting of a 
chain of low pass filters**. It is assumed that the narrow 
band character of the low frequency component of bipolar 
cell noise arises from the Properties of the rod response 
rather than the filter characteristics of the rod—bipolar 
synapse. In that case, the low frequency component of 
the dark noise could arise from events in the rod indis- 
tinguishable from the effects of light. The ‘dark light’, 
which would be the photon equivalent for the low frequency 
component of the dark noise, can be obtained from the 
intercept on the light intensity axis in a plot of variance 
against light intensity. For the cell illustrated in Fig. 2, 
the ‘dark light’ would be equivalent to a Photon flux density 
of 2X10 photon um-?s", This would correspond to an 
event equivalent to one photoisomerisation in a rod every 
160s, if the effective collecting area for a dogfish rod is 
3 wm’ (ref. 6). 

The ‘dark light? was found to be strongly temperature 
dependent. An activation energy of 36kcalmol? was 
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calculated from an Arrhenius plot (Fig. 3) of the mean 
rate of spontaneous events per rod as a function of 
absolute temperature, giving a Qi of 7.8 at a ‘temperature 
of 20-30°C. The activation energy associated with the 
dark light is significantly higher than for the processes 
governing the kinetics of the response of photoreceptors 
to flashes of light; 10 kcal mol™ (Qi = 1.8) for turtle cones! 
and 16 kcal mol™ (Qiu = 3) for rat rods®. This would make 
it unlikely that such processes occur spontaneously at the 
requisite rate. If the dark light arose from spontaneous 
changes in nhodopsin molecules, these changes might be of 
two kinds, thermal denaturation or thermal isomerisation. 
The products of the former are denatured opsin and 11-cis- 
retinal”, whereas for the latter they are opsin and trans- 
retinal, as in photoexcitation™. The rate constant at 20°C 
would ibe 1.2X10°"'s™', based on Fig. 3 and an estimate 
of 3X10° rhodopsin molecules per dogfish rod. Applying 
absolute reaction rate theory”, we find that the Gibbs 
free energy of activation AGt for the process underlying 
the dark light is 32 kcal mol`, and the entropy of activation 
ASt is 13 cal mol™ degree“. The entropy of activation is 
very much less than for thermal denaturation of rhodop- 
sin’. We conclude, therefore, that denaturation occurs at 
a comparatively insignificant rate in the eye over the 
temperature range of 15-25°C and/or it does not give 
rise to responses in rods which resemble photoresponses. 
The activation energy of 36 kcal mol”, determined from 
the dark noise, lies between the value of 26 kcal mol” for 
thermal cis-trans isomerisation of the chromophore, retinal, 
in a non-polar solvent, as determined by Hubbard”, and 
an estimate of about 48 kcal mol™ for the activation energy 
for thermal isomerisation of rhodopsin“, The estimate 
of 48 kcalmol™ for rhodopsin is not based on direct 
measurement but derives from the assumption that there 
is a fixed minimum energy required for absorption of 


Fig. 3 Arrhenius plot of the dark rate of spontaneous events in 
a dogfish rod, equivalent to photoisomerisation, against the 
reciprocal of the absolute temperature. The ordinate is the log 
of the mean rate of effective photon absorption by rods which 
would be required in order to give ‘photon’ noise variance in 
the bipolar cell equal to the variance in the dark associated with 
the low frequency component of the noise (see text). An effec- 
tive collecting area of 3 um? for a rod in the tapetal region of the 
retina has been assumed®. The slope of the line corresponds to 
an Arrhenius activation energy of 36 kcal mol —. 
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a photon", which would correspond to the thermal 
activation energy for isomerisation. This would, however, 
predict a very much larger energy of aotivation for cis-trans 
‘somerisation of retinal than was observed by Hubbard” 
(see also ref. 18). We conclude tentatively that the present 
results are consistent with thermal isomerisation of rhodop- 
sin. Extrapolation to 37°C would give a rate constant 
of 3.5X107'°s-?, Denton and Pirenne’, and Barlow’, have 
concluded that in the human the rate constant for thermal 
isomerisation of rhodopsin must be less than 10™ s™> in 
order to account for the reliability of detection at absolute 
threshold. The low rate of spontaneous isomerisation of 
rhodopsin is one of the features of the visual system under- 
lying the ability to detect the absorption of a few photons. 
It is not yet clear whether the second component of 
the noise in bipolar cells reflects synaptic noise arising from 
fluctuations in the release of transmitter at the rod—bipolar 
synapse? or noise generated more distally in the photo- 
receptor, possibly from interaction of an intracellular 
transmitter with the surface membrane of the rod”. 
This work was supported by the MRC. We thank 
Professor P. Fatt for critical reading of the manuscript. 
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Acetylcholine receptor conformational 
transition on excitation masks 
disulphide bonds against reduction 


KARLIN and Bartels! found that dithiothreitol (DTT) inhibits the 
responses induced by acetylcholine (ACh) in the Electrophorus 
electricus electroplax preparation and that 5,5’-dithio-bis-(2- 
nitrobenzoic acid) completely restored the membrane sensitivity 
to ACh. These results illustrate the importance of disulphide 
bonds for acetylcholine receptor (AChR) function, and work on 
other preparations with nicotinic AChRs gave similar results?~°. 
Several facts suggest that DTT affects AChRs specifically; (1), the 
significance of the quaternary ammonium group in the molecules 
of alkylating and acylating agents for the rate of their reaction with 
the AChR reduced by DTT!°; (2) changes in pharmacological 
specificity seen in the modified receptor5-7-!°; (3) the decrease in the 
slope of the dose-response curve to carbamylcholine expressed as 
the Hill plot!!; and (4) the increase in d-tubocurarine affinity to the 
AChR active site’. If we could protect the receptor against 
chemical modification by an agonist or antagonist, this would be 
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Fig. 1 The effect of disulphide bond reduction by DTT and 
reoxidation by DTBCh on soma membrane of Limnaea stagnalis 
neurone. l, Control; 2, after 14 min treatment with DTT 1 x 10°°M; 
3, after 15 min reoxidation by DTBCh 1 x 1074M. a, The time course 
of membrane conductance change induced by ACh 2 x {0-°M. The 
times of ACh and Ringer solution (R) addition are marked by arrows. 
b, Voltage-current plots of the neurone response to ACh2 x 1076M. 
The reversal potential, Æ, (obtained by extrapolation), does not 
change after the'neurone exposure to DTT. c, The steady-state 
voltage—current curves of electroexcitable membrane. In (a) and (b) 
membrane potential was held at the resting potential (RP) level anda 
three-level voltage sequence (RP+10 mV, RP, RP—10 mV) was 
applied. ChRM conductance values were calculated according to 
current changes produced by membrane potential shifts in equal 
periods of time (dots in (a) and in Figs. 2and 3). Curves were drawn by 
hand. In (c) membrane potential was held at RP level and a serial 
depolarising and hyperpolarising voltage steps (10 mV) were applied. 
Impulse duration, 5 s. Potassium outward currents were measured at 
the end of the steps. 


the most reliable proof of the specificity of modifying agent 
action!2. We present here a detailed study of the action of DTT on 
nicotinic AChRs of completely isolated Limnaea stagnalis 
neurones in order to clarify the ability of various cholinergic 
ligands to protect the receptor disulphide bonds against reduction 
by DTT. 

Identified giant neurones from the right and left parietal ganglia 
of molluscs were isolated by treating brain preparations with 
trypsin and then Pronase, and separated mechanically with 
tungsten microneedles and glass micropipettes!3'*. Nerve cells 
were placed into the chamber (effective perfusion volume 0.2 ml, 
rate of perfusion 15-20 ml per min) and continuously per- 
fused with Limnaea Ringer solution containing NaCl 100 mM, 
KCI 1.6mM, CaCl, 4mM, MgCl, 1.5 mM, Tris- 
hydroxymethylaminomethane 0.12 g I! and HCl to pH 7.5. All 
the drugs were dissolved in this medium and applied to the 
neurone membrane by passing constant-flowing (gravity feed) 
solution. Each neurone was impaled with two microelectrodes 
(2.5 M KCI filled). The perfusing medium was connected with the 
virtual ground of an operational amplifier through the agar 
bridge. Drug action was estimated using the voltage-clamp 
technique according to the membrane conductance change at the 
resting potential level. 

Application of DDT 1x10~*-1x 10-3 M for 2-15 min 
markedly depressed responses to a standard ACh concentration 
(Fig. 1a), while the reversal potential of ACh-responses and the 
steady-state current-voltage curve of electroexcitable membrane 
did not change (Fig. 1b and c, respectively). The sensitivity of 
neurone membrane to ACh was restored after treatment with 
dithiobischoline!? (DTBCh) which is known to oxidate thiol 
groups (Fig. la, b). 

The reversible inhibition of cholinoreceptive membrane 
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Fig.2 Protection of ChRM against the DTT effect by a high ACh 

concentration. | And 3, response of the neurone to ACh 2 x 10-°M 

before and after exposure to DTT | x 10-3M for 2 min in the presence 

of ACh 5 x 10-5M. 2, Response to conditioning ACh concentration; 
the duration of pretreatment with ACh was about 2 min. 


(ChRM) by DTT could beconverted into irreversible inhibition by 
application of an SH-specific alkylating agent (such as N- 
ethyIlmaleimide (NEM), any quaternary ammonium JA-alkyl 
derivative of maleimide, or bromoacetylcholine (BrACh)) on the 
neurone. On the native neurone BrACh caused a strong reversible 
increase in membrane conductance, being only 3-5 times less 
active than ACh; quaternary ammonium N-alkyl derivatives of 
maleimide were very weak agonists (3-4 orders less effective than 
ACh) and NEM did not excite ChRM atall. It was not possible to 
restore the ACh-sensitivity to the initial level with DTBCh after 
application of an alkylating agent to DTT-treated neurone 
membrane. These results underline the important role of disul- 
phide bonds in the ACh-induced conductance changes of neurone 
membrane which has been shown for both electroplax and skeleta] 
muscle preparations. 

BrACh seems to cause the irreversible depolarisation of elec- 
troplax membrane pretreated with DTT?5, but this has not been 
observed with Ap/ysia neurones? and we have never observed this 
effect with Limnaea neurones. In addition, the responses of 
neurone membrane to ACh and BrACh decreased approximately 
to the sameextent after DTT pretreatment. These data suggest that 
BrACh cannot activate reduced AChRs of mollusc neurone 
membrane. 

We have tested cholinergic antagonists and agonists for the 
ability to protect ChRM against DTT-induced modification. The 
specific competitive nicotinic antagonist. d-tubocurarine 
(1 x 1073 M)completely blocked response to supramaximal ACh 
concentrations (up to 1 x 107+) but did not prevent the modific- 
ation of ChRM by DTT. In contrast to this unexpected finding 
high ACh concentrations effectively protected ChRM against the 
action of DTT (Fig. 2). 

One explanation of the difference in d-tubocurarine and ACh 
protecting abilities may be that the molecules of these two 
cholinergic agents interact with different sites in AChR so that 
ACh produces a steric hindrance for DTT attack on disulphide 
bond, but d-tubocurarine does not. Alternatively, binding of ACh 
molecule to the AChR active site might evoke a conformational 
transition of AChR which would protect the disulphide bond from 
reduction; binding of d-tubocurarine would not induce such a 
conformational change. 

In order to test the first hypothesis we compared the protecting 
ability of two pairs of drugs: tetramethylammonium 
(TMA)-phenyltrimethylammonium (PhTMA) and deca- 
methonium—diphenyldecamethonium. The first agent of each 
pair ts a cholinergic agonist, the second drug (a structural analogue 
of the other) does not excite but blocks the receptors effectively. 
Neither PhTMA nor diphenyldecamethonium protected ChRM 
against DTT-reduction, while their exciting analogues, TMA and 
decamethoniun, partially blocked the effect of DTT (Table 1). It 
seems highly unlikely that the drugs with such similar chemical 
structures as TMA and PhTMA or decamethonium and diphenyl- 
decamethonium should bind to different sites on AChR. A direct 
correlation between the activity of agonists and the ability to 
prevent the modifying action of DTT was found (Table 1). ACh, 
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Table 1 Effect of cholinergic ligands on AChR inactivation induced by 
DTT 


NO 


Relative 
Concentra- efficiency 
Relative tion used of protec- 
efficiency of to protect Extent tion 
exciting against of pro- against 
Ligand action* DTT(M) tectiont 
ACh ] 1x 10-5 0.60 (5) ] 
TMA 0.02 1x10-* + 0.64(3) 0.107 
Decamethonium 0.0014 ] x 10-4 0.28 (4) 0.047 
PhTMA I x 1073 
0.0001 5 x 1073 0 (6) 0 
Diphenyl- 
decamethonium 0 I x 10-3 0(2) 0 
d-Tubocurarine 0 Ix 10-3 0 (4) 0 


*Calculated by the ratio of the equieffective concentrations relying upon 
increase in ChRM conductance. 

tCalculated by the formula (c—b)/(a—b) where a = response to a 
standard ACh concentration in control: 6 = response to the same ACh 
concentration after DTT treatment: ¢ = response to standard ACh 
concentration after treatment with DTT +protector. No. of experiments 
given-in parenthesis. 

{Calculated by the ratio of protection extent and protector con- 
centration. 


TMA and decamethonium therefore seem to protect AChRs by 
inducing a transition in AChR to another conformation when the 
agonist binds with the active site; in the new conformation the 
disulphide bond becomes inaccessible to DTT action. 

Thus our results suggest that it is the receptor molecule alone 
that DTT modifies to cause inactivation of ChRM. 

In all experiments involving the use of agonists as protectors 
DTT was added into the perfusing medium when almost all the 
AChRs were desensitised (Fig. 2). Presumably the AChR active 
site conformational change protecting the disulphide bond against 
reduction corresponds to the desensitisation but not to the 
excitation. This suggestion seems quite likely according to data on 
conformational transition of AChRs revealed by fluorescent dyes 
in membrane fragments of electric organs!*!7 in the presence of 
high (desensitising) agonist concentrations. To test this possibility 
we compared the DTT action in the presence and absence of ACh 
after 2 min exposure of the neurone to a high ACh concentration. 
In the latter case ACh was washed out with physiological solution 
containing DTT when desensitisation was complete (Fig. 3). A 
considerable fraction of AChRs was shown to be still in 
desensitised state during the first 1.5-2 min after ACh was 
removed from the perfusing solution. In these conditions DTT 
inactivated ChRM as strongly as it did in the complete absence of 
a protector. Apparently, for successful protection, the 
AChR-agonist complex must exist. 

We therefore conclude first, that ACHR does not lose its affinity 


Fig.3 Inactivation of ChRM by DTT treatment immediately after 
removal of ACh (1 x 1075M) from the perfusing solution. Control 
experiments ensured that responses to a standard ACh concentration 
were very much reduced in 1.5-2 min after washout of ACh 
l x 1075M (a result of desensitisation). 1 And 3. Responses to ACh 
2x 10-°M; 2, response to conditioning ACh concentration 
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to agonists in the desensitised state; and second, the active site of 
the receptor in both the activated (non-desensitised) and the 
desensitised states can experience a conformational transition 
when interacting with an agonist molecule; the disulphide bond is 
hidden as a result of this process. 

Desensitisation of Limnaea neurone membrane has been shown 
not to be due to changes in the system of ionic transport through 
the excited ChRM!®. Considering these data and our results we 
suppose that the desensitisation of Limnaea neurone membrane is 
due to the specific state of a unit coupling the excited active site of 
AChR and ChRM ionophore. 

We thank Mrs Olga Shvirst for helpful comments. 
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Cellular regulation of an allosteric 


modifier of fish haemoglobin 


ADENOSINE TRIPHOSPHATE(ATP) is the major organic phosphate 
in the red blood cells of a wide variety of fish species’ ~. Its role as 
an allosteric modifier of fish haemoglobins is similar to that of 2,3- 
diphosphoglycerate (2,3-DPG) in mammalian red blood cells, in 
that it decreases the affinity of haemoglobin for oxygen>®. After 
exposure to the anoxia of high altitude or in certain conditions of 
anaemia, mammals increase red blood cell 2,3-DPG to facilitate 
oxygen unloading at the tissues’. By contrast, eels have been 
shown to decrease erythrocyte organic phosphate (that is, ATP) 
and increase haemoglobin—oxygen (Hb-02) affinity when accli- 
mated to low environmental oxygen®. To test if this phenomenon 
was expressed in another fish species, we acclimated Fundulus 
heteroclitus, a euryhaline minnow, to hypoxic conditions. Our 
finding that this fish also lowered red blood cell ATP by as muchas 
40% (Fig. 1) suggests that this is a general response to hypoxia 
among water-breathing vertebrates. 

The mechanism by which hypoxic fish lower red blood cell ATP 
in vivo is unknown. We predicted that if the control mechanism was 
directed at the erythrocyte level, then fish red blood cells should 
decrease ATP, in vitro, in anoxic conditions. Consistent with our in 
vivo observation, we found that anaerobic F. heteroclitus red cells 
significantly lowered their ATP levels in vitro (Fig. 2). Since the 
nucleated erythrocytes of fish possess mitochondria, we reasoned 
that this response may be mediated by way of a decrease in 
oxidative phosphorylation. This hypothesis was supported when 
aerated cells were incubated in the presence of low concentrations 
of cyanide. This inhibitor of aerobic respiration reduced in- 
tracellular ATP to levels similar to those found in the anoxic cells 
(Fig. 3). Thus, it seems that one reason fish have retained a 
functional oxygen-consuming electron transport system in the 
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Fig. 1 Time course of acclimatisation of F. heteroclitus to hypoxic 
(@)and normoxic (O) conditions at 22 °C. Dissolved oxygen values 
were 1.5-2.0 p.p.m. for hypoxic and 8.5-9.0 p.p.m. for control fish. 
Red blood cell ATP for this experiment and all others described in 
this paper were determined using the firefly luciferase assay’. All 
points represent averages of 6-7 fish. Bars indicate +s.e.m. 


mitochondria of their red blood cells is to control the levels of 
haemoglobin allosteric effector. 

Glycolytic inhibition experiments are consistent with the cyan- 
ide data (Fig. 3). With iodoacetate, an inhibitor of glyceraldehyde 
3-phosphate dehydrogenase (GAPDH), reducing equivalents 
from glycolysis are not available for oxidation by the mitochon- 
drial electron transport chain and less pyruvate is oxidised in the 
tricarboxylic acid (TCA) cycle. Consequently, red blood cells 
exposed to this inhibitor lower their ATP to levels nearly equal to 
those of cyanide-poisoned cells. In the presence of fluoride, which 
inhibits enolase, the red blood cells show concentrations of ATP 
only slightly lower than control levels since reducing equivalents 
are formed during the earlier GAPDH reaction which can then fuel 
mitochondrial oxidative phosphorylation. 

Assuming that iodoacetate and fluoride are acting as specific 
inhibitors in the red blood cells, these data indicate that the small 
amount of reducing equivalents from glycolysis would be nearly 
identical to that resulting from a fully functioning TCA cycle. 
Since no data exist on the relative contributions of glycolysis and 
the TCA cycle to the production of reduced nicotinamide adenine 
dinucleotide in fish erythrocytes, one cannot be certain of the 
intracellular potential to oxidise pyruvate. In fact, the information 
reported here suggests that the TCA cycle may play a substantially 
smaller role in fish red blood cell mitochondria compared with 
other tissues. We are currently investigating this possibility. 

Since a physical dependence exists between oxygen solubility 
and water temperature (oxygen concentration is 12.5 p.p.m. at 
10 °C compared with 7.5 p.p.m; at 30 °C), our observation that F. 
heteroclitus lowers red blood cell ATP when acclimatised to 
elevated temperatures (group I, Table 1) prompted us to ask if this 
response was triggered by reduced oxygen (as in our hypoxic 
experiments), increased temperature, or both of these variables. 
Therefore, fish were acclimatised to various temperatures (10 °C, 
22°C, and 30°C), but with oxygen concentration maintained 


Fig. 2 ATP/Hb molar ratio in F. heteroclitus red blood cells 
incubated in anaerobic (@) and aerobic (©) conditions. Cells were 
washed three times in PBS (pH 7), and then maintained in a medium 
containing physiological concentrations of inorganic salts and 
glucose buffered at pH 7.5 as described elsewhere’. Values are from 
duplicate determinations which did not vary by more than 6%. 
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Fig. 3 ATP/Hb molar ratio in fish red blood cells incubated in 

media at pH 7.5 with no inhibitor (O}, 102M NaF (W), 5x 104M 

iodoacetate (Á) or 104M NaCN (@). Values are from duplicate 
determinations which did not vary by more than 5%. 


constant (about 7 p.p.m.) at each temperature. These animals also 


decreased their erythrocyte ATP with increased temperature `: 


(group Il, Table 1). Moreover, fish acclimatised to 10 °C, but in air 
saturated water (12.5 p.p.m.), showed the same red blood cell ATP 
levels as those maintained at 10 °C but with7 p.p.m. oxygen (Table 
1). These data demonstrate that the ATP response was elicited by 
increased temperature alone and was independent of dissolved 
oxygen levels in the range 7—-12.5 p.p.m. 





Table 1 Comparison of red blood cel! ATP/Hb molar ratios in 
F. heteroclitus acclimatised to different temperatures 





Temperature (°C) Group I Group H 
19 1.84+.05 1.81 +.07 
22 1.68 + .06 1.724 .08 
30 1.31 +.08 1.29 +.06 





In group J, dissolved oxygen values at the various temperatures were: 


10 °C, 12.5 p.p.m.; 22 °C, 9.0 p.p.m.; and 30 °C, 7.5 p.p.m. The dissolved’ 


oxygen for group II was maintained at a constant value of 7.0 p.p.m. 
during the course of the acclimatisation (4 weeks). All values represent 
averages of 10-12 fish. Errors are reported as +5.¢e.m. 


As outlined earlier, there is a significant ATP response when © 


isothermal hypoxia is induced (that is, below 3 p.p.m.). Under 
hypoxia, F. heteroclitus also increased the number of circulating 
red blood cells (haematocrit) by 40%. This phenomenon has been 
reported and discussed previously for other fish species®. In an, 
earlier study, we reported a significant increase in the haematocrit 
of warm-acclimatised F. heteroclitus'’. In the present study, 
however, we found no difference in haematocrit between fish 
acclimatised to different temperatures. In addition, red blood cell 
ATP concentrations of 30-°C-acclimatised fish (see Table 1) were 
higher than those described previously’. To simulate natural 
conditions, oxygen levels were not controlled in our earlier study. 
Therefore, biological oxygen demand (microbial activity, and so 
on) at the higher temperature probably lowered dissolved oxygen 
into the hypoxic range. In these conditions, which F. heteroclitus 
often encounter in their natural habitat, temperature and oxygen 
act in tandem to control red blood cell organic phosphate and, in 
turn, Hb-O2 affinity. When governed solely by its physical 
dependence on temperature, however, dissolved oxygen never 
reaches the low values required to induce hypoxia. 

This work was supported by the NSF (grant no. GB37548 and 
DEB 76-19877) and a grant from the National Geographic 
Society. 
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Thyroidal trophic influence 


on skeletal muscle myosin 


CROSS-INNERVATION experiments have convincingly demon- 
strated the importance of the nerve in determining the 
differential properties of skeletal muscle myosin. The role 
of hormones in deciding the phenotypic character of muscle 
myosin has received considerably less attention than that of 
the neural factors. Recent studies have shown that short- 
term alterations in thyroid status results in significant 
changes in cardiac muscle myosin’~*. In contrast, some of 


‘those investigations also used skeletal muscle, but no 


apparent effects on skeletal muscle myosin were detected’. 
But the greater half-life of skeletal muscle myosin would 
require a longer time than cardiac myosin to manifest these 


. changes. We have studied the effects of longer term hypo- 
' thyroidism and hyperthyroidism on skeletal muscle myosin. 


We report here that alterations in thyroid status influence 
the quality of skeletal muscle myosin. Our observations 
suggest possible thyroidal involvement, along with or 
through neural trophic factors, in determining the pheno- 
typic properties of skeletal muscle myosin. 

Normal, hypothyroid and hyperthyroid male Sprague- 
Dawley albino rats with initial body weights of 180-200 g 
were subjects. Thyroidectomised animals were purchased 
from Hormone Assay (Chicago). Hyperthyroidism was 
induced in thyroidectomised rats by subcutaneous injections 
of 30ug per 100g body weight of Na 3,3’,5 tritodo-L- 
thyronine on alternate days for six weeks. Animals were 
killed by exsanguination under pentobarbital anaesthesia 


' (60 mg per kg). Thyroid status of the animals was confirmed 


by the enzyme activities of a-glycerolphosphate dehydro- 
genase (EC 1.1.99.5)® and succinate dehydrogense (EC > 
1.3.99.1)’ from whole homogenates of liver and soleus 
muscle at 25 °C (Table 1). 

Immediately after excision a mid-portion of the soleus 
muscle was prepared for histochemistry. The tissue was 
mounted and frozen in isopentane cooled with liquid 
nitrogen. Cross-sections of 10-um thickness were cut at 
—20 °C and stained for myofibrillar adenosine triphos- 
phatase (M-ATPase). The staining procedure involved 
10min pre-incubation (37°C) in glycine or 2-amino-2- 
methyl-l-propanol buffer (pH 10.30) containing 18mM — 
CaCl, followed by 30min incubation in pre-incubation 
medium containing 3.08 mM ATP and adjusted to pH 9.40. 
This is essentially the method of Padykula and Herman‘ 
as modified by Guth and Samaha’. The difference in staining 
intensity is based on the alkali stability and lability of fast 
and slow skeletal muscle myosin ATPase activity, respec- 
tively’’’, resulting in a more intense stain for fast than 
slow muscle fibres at an alkaline pH. 

Soleus muscles used for myosin isolation were pooled into: 
groups of four and stored in glycerol at —20 °C. Myosin 
was prepared using the method of Bárány and Close”. The 
yield of myosin protein was similar for each experimental 
group (Table 1). Mg?*-activated ATPase activity indicated 


- minimal actin contamination (1.06 nmol per mg protein 


per min). Ca’*-stimulated myosin ATPase activity was 
determined at 37 °C at various pH values using the reaction 
mixture of Bárány and Close” and the inorganic phosphate 
assay Of Rockstein and Herron”. Protein determinations 
were by the Lowry method with bovine albumin as the 
standard”. 

Histochemical observations indicate that thyroid status. 
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Table 1 Effects of thyroid status on soleus muscle myosin 


Euthyroid 

Final body weight (g) 385 +6 (14) 
Liver 

SDH activity 24.86-+0.79 (11) 

GPDH activity 4.65+0.18 (11) 

Protein (mg g~?) 216+9 (14) 
Soleus muscle 

Wet weight (mg) 137 +3 (28) 

SDH activity 3.07 +0.08 (18) 

GPDH activity 1.47 +0.04 (18) 

Protein (mg g7?) 185+10 (15) 


Myosin yield (mg g7?) 


31.99 +3.84 (7) 
Alkali-stable fibres (%) 


15.95 +1.40 (8) 


75 
e 

Hypothyroid Hyperthyroid 

297 +6 (14)* 242 +8 (8)* 
18.07+0.84 (11)* 36.10 +3.29 (7)* 

3.18 40.10 (12)* 11.80-40.58 (8)* 

210410 (13) 2269 (8) 

120 +4 (28)f 119+2 (16)f 
1.46 +0.03 (14)* 4.70 +0.07 (12)* 
1.11 +0.02 (14)* 2.58 +0.09 (12)* 

188 +8 (13) 18647 (14) 

34.36 42.75 (7) 33.16 +2.94 (4) 
0.12 +0.07 (9)* 35.09 +2.03 (6)* 


mS 


Values are means -+ s.e.m. The number in parenthesis is the number of analyses. SDH, succinate dehydrogenase. GPDH, a-glycerolphosphate 


dehydrogenase. Enzyme activities are in pmol per g wet wt per min. 
*Statistically significant at P < 0.001. 
tStatistically significant at P < 0.01. 


can alter the proportion of alkali stable (fast) and labile 
(slow) M-ATPase fibres in rat skeletal muscle (Fig. 1). The 
soleus muscles from the hypothyroid animals consisted of 
<1% alkali-stable fibres as compared to 16% for the 
euthyroid muscles (Table 1). Whereas the hyperthyroid 
muscles were comprised of more than twice the percentage 
of alkali-stable fibres observed in the euthyroid muscles. 
Muscles of each group contained fibres with an inter- 
mediately intense M-ATPase stain. These fibres were most 
prevalent in the hyperthyroid muscles. They were classified 
as alkali-stable fibres in the present study. 

The pH profiles of myosin ATPase activity are shown in 


Fig. 1 Transverse sections from the soleus muscle of a, euthyroid 
b, hypothyroid and c, hyperthyroid rats stained for myofibrillar 
ATPase ( x 22). 





Fig. 2. The greatest differential effect on enzyme activity 
between the experimental groups was observed at pH 10.30. 
At this alkaline pH the euthyroid soleus exhibited only 54% 
of its activity at pH 7.40 as compared to 12% for the hypo- 
thyroid muscles and 236% for the hyperthyroid muscles. 
When comparing the activities at pH 10.30, the hypothyroid 
muscles had only 27% the activity of the euthyroid muscles. 
Whereas the hyperthyroid had a fivefold greater activity 
than the euthyroid muscles and 20-fold more activity than 
the soleus muscles of the hypothyroid animals at that 
alkaline pH. 

As in the histochemical procedure, the basis for resolving 
fast-twitch and slow-twitch myosin ATPase is its property 
of being alkali resistant and susceptible, respectively”. The 
change in the alkaline stability of myosin isolated from 
hypothyroid and hyperthyroid muscles clearly shows that 
this property of the myosin protein has been transformed 
and that the transformation occurs in both directions, 
depending on the thyroid state. These biochemical findings, 
besides quantifying the changes in ATPase activity, have 
confirmed the histochemical observations for these experi- 
mental conditions. This is important since in certain con- 
ditions the histochemical method of staining for M-ATPase 
can be misleading’’**. Further evidence for the validity of 
the M-ATPase stain was a complete reversal of the staining 
intensity of fast and slow fibres at pH 4.35, as occurs in 
normal muscle. The close agreement between the percentage 
increase in alkali-stable fibres (19%) and myosin ATPase 
activity (39%) at pH 7.40, considering fast-twitch myosin 
has three times the specific catalytic activity of slow-twitch 
myosin, imparts further credibility to the M-ATPase stain. 
This comparison, however, is not as highly correlated for 
the hypothyroid muscle. 

It is well documented that fast-twitch and slow-twitch 
muscle myosin are qualitatively distinct proteins’*’**’*. It js 
widely accepted that these differences in myosin are pri- 
marily regulated by neural factors™™™"®", Our results indi- 
cate that the thyroid state of an animal also has the potential 
for determining the phenotype of skeletal muscle myosin. 
The extent of the changes in myosin ATPase activity in 
soleus muscles which had been hyperthyroid for only six 
weeks was similar to that of changes observed in soleus 
muscle following long-term (6-15 months) cross-innervation 
with a fast nerve’ !®", Bárány and Close” observed a 50% 
increase in soleus myosin ATPase at pH 7.40 following 
10-15 months of cross-innervation with a nerve normally 
innervating a fast-twitch muscle, as compared to a 39% 
increase for the hyperthyroid soleus. At pH 10.0, cross- 
innervated soleus muscle had a 125% increase in ATPase 
activity as compared to 70% for the hyperthyroid soleus at 
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Fig. 2 % of Ca?+t-activated myosin ATPase activity relative to 

100% for the euthyroid muscle at pH 7.40. The euthyroid soleus 

muscle at pH 7.40 at 37 °C had an activity of 0.18 mol per mg 
myosin protein per min. 


pH 10.30. In other studies™®" the soleus exhibited increases 
of 35-75% in myosin ATPase (pH 7.8-8.0) 6-12 months 
following cross-innervation, whereas the hyperthyroid soleus 
had 186% greater activity than the euthyroid at pH 8.00. 
Furthermore, the extent of this transformation is probably 
not fully manifest in this six-week time period in the hyper- 
thyroid muscle but it is probably nearly complete in the 
long-term cross-innervation studies. Longer term studies 
are in progress to allow for the changes to become more 
fully established, along with the added purpose of further 
categorising the changes in the myosin protein. 

The findings of this investigation offer little insight into 
the mechanism by which the thyroid state alters the 
character of skeletal muscle myosin. It is possible the 
thyroidal influence directly and selectively stimulated muscle 
gene expression, affected neural trophic regulation, or 
produced other hormonal imbalances which induced this 
transformation. 

This work was supported by NRC grant 0404 and a 
Christian Jane Farquharson grant. 
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Hydrolysis of polyesters by lipases 


INCREASING public concern about the treatment of waste 
materials has stimulated the study of the biodegradation of 
synthetic polymers. Among synthetic polymers, aliphatic 
polyesters are generally known to be susceptible to biological 
attack'~>, but there are few reports of enzymes involved in their 
degradation. Bell et al.® recently showed that the molecular 
weight of polycaprolactone (PCL) decreases on exposure to the 
acid protease from Rhizopus chinensis for 6-10 d (decreasing 
from 13,000 to 10,000). In addition, Tabushi et al.” have found 
that polyesters composed of phenyllactic acid and lactic acid 
are hydrolysed by a-chymotrypsin. We showed previously that 
a polyester-degrading enzyme from Penicillium sp. strain 14-3, 
purified to a homogeneous state as exhibited by ultracentrifugal 
analysis and polyacrylamide gel electrophoresis, has properties 
resembling lipase®. It was not previously recognised that lipase 
acts on polyesters. We report here that several commercial 
lipases and an esterase also hydrolyse polyesters, and that RA. 
delemar lipase is capable of hydrolysing various kinds of 
polyesters. 

PCL and polypropiolactone were prepared by ring opening 
polymerisation of s-caprolactone® and B-propiolactone res- 
pectively in benzene in a nitrogen atmosphere at 60 °C with a 
diethylzinc—water catalyst system. Poly-B-methylpropiolactone 
(poly-B-hydroxybutyrate) was made from B-methylpropiolactone 
by the method of Yamashita et a/.!° with a triethylaluminium— 
water catalyst system. Other saturated aliphatic polyesters 
were synthesised by a melt polycondensation technique!, and 
unsaturated polyesters were synthesised by high temperature 
solution polycondensation!?. AJl alicyclic and aromatic 
polyesters were from Nihon Chromat except poly (tetra- 
methylene terephthalate), from Union Carbide. The number 


average molecular weight (Mn) was measured by the vapour 
pressure equilibrium method with a Hitachi 117 apparatus. 


Fig. 1 Gas chromatograms of the hydrolysis products of PEA 
by Rh. delemar lipase. PEA powder was filtered from the reaction 
mixture which was then analysed (a). The concentrated and 
dried reaction mixture was then esterified with diazomethane in 
ether (6). The hydrolysate of (a) with alkali was also analysed 
(c). Chromatographic conditions: Shimadzu GC-5A (flame 
ionisation) with glass column (1 mx0.3 cm internal diameter) 
packed with Tenax GC. Temperature programmed at 5° per min 
from 135° to 345 °C (dashed line). Flow rate of both nitrogen 
and hydrogen was 50 ml per min. Arrows indicate ethylene 
glycol (EG) and adipic acid (AA). 
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Table 1 Hydrolysis of polyesters by lipases 


ce eg a pea ara O Se 


TOC concentration (p.p.m.) 
Enzyme control Formed by hydrolysis of polyester 
Poly(2,2-dimethyl- 
Poly Poly- Poly(cyclohexylene- trimethylene iso- 
(ethylene adipate) caprolactone dimethyl succinate) phthalate 
Achromobacter sp. ` 10 880 110 60 0 
Candida cylindracea 5 3900 70 0 0 
Geotrichum candidum 10 140 0 0 0 
Rhizopus arrhizus 10 7400 ' 60 40 0 
Rhizopus delemar 5 6100 ' 110 70 0 
Hog liver (esterase) 30 940 90 120 0 
(Substrate control) — (330) (150) (70) (20) 


Each reaction mixture contained 400 umol of phosphate buffer (pH 7.0), 300 mg of the polyester powder (particle size less than about 1 mm) 
and enzyme in a total volume of 10 ml. The enzyme concentration in each reaction mixture was adjusted to a degree of hydrolytic activity capable 
of liberating 420 umol! of fatty acid from olive oil per 60 min at 37 °C at pH 7.0 (see ref. 8). Reaction mixtures were incubated on a rotary shaker 


a boiling water for 10 min, was allowed to react with PEA (PCL), the TOC concentrations in the filtrate of the reaction mixtures were 340 
(150), 340 (160) and 330 (150) p.p.m. respectively as compared with 330 (150) p.p.m. of substrate control. The effect could not be examined 
in hog liver esterase because it was insolubilised by the heat treatment. 


Achromobacter sp. and Candida cylindracea lipases (Meito formed by polyester hydrolysis differs depending on the kind of 
Sangyo) were purified by gel filtration on Sephadex G-100 polyester. In the substrate and enzyme controls, enzyme or 
(2.6x79 cm) from crude preparations. Ultracentrifugally substrate was omitted from the reaction mixture. 
homogeneous preparations of Geotrichum candidum and Rh. Aliphatic polyesters, poly(ethylene adipate) (PEA) and PCL 


delemar lipases were from Seikagaku Kogyo and partially were hydrolysed by lipases from various microorganisms and 
purified preparations of RA. arrhizus lipase and hog liver esterase hog liver esterase with the results shown in Table 1. Rh. arrhizus 


were from Boehringer Mannheim Yamanouchi. and Rh. delemar lipases showed especially strong activity. The 
Hydrolysis of polyesters was measured by the rate of their action of hog liver esterase on PEA produced much more 
solubilisation, and the measurement process does not neces- adipic acid and ethylene glycol, constituents of PEA, than did 


sarily involve complete hydrolysis into the constituent parts. lipases. This suggests that the biodegradable property of 
The rate was determined by measuring the water-soluble total aliphatic polyester comes from its susceptibility to hydrolysis by 
organic carbon (TOC) concentration at 30 °C in the reaction lipases or esterases. An alicyclic polyester, poly(cyclohexy- 
mixture using a Toshiba-Beckman TOC analyser. The precise lenedimethy! succinate), was also hydrolysed by lipases from 
reaction rates of polyester hydrolysis cannot be determined by Achromobacter sp., Rh. arrhizus and Rh. delemar and by hog 
this method, however, since the polyester powder particles in the liver esterase. Of these, hog liver esterase showed the strongest 
reaction mixture vary in size and the solubility of the oligomers activity. In contrast, an aromatic polyester, poly (2,2-dimethy]- 


Table 2 Hydrolysis of polyesters by Rh. delemar lipase 

TOC concentration (p.p.m.) 

Polyester Powder Substrate Form 
Mn size control by lipase 

Poly(ethylene adipate) 2,720 C 330 8,360 
Poly(ethylene suberate) 4,050 B 250 1,020 
Poly(ethylene azelate) 4,510 B 570 3,080 
Poly(ethylene sebacate) 1,570 A 390 550 
Poly(ethylene decamethylate) 1,610 B 100 180 
Poly(tetramethylene succinate) 4,240 A 270 150 
Poly(tetramethylene adipate) 1,790 B 520 3,360 
Poly(tetramethylene sebacate) 2,440 A 130 980 
Poly(hexamethylene sebacate) 5,820 B 40 380 
Poly(2,2-dimethyltrimethylene succinate) 2,370 A 360 240 
Polypropiolactone 4,270 A 580 2,240 
Poly-pL-8-methylpropiolactone 8,190 E 250 1 
Polycaprolactone l 6,740 À 150 310 
Poly(cis-2-butene adipate) 2,700 C 1,270 580 
Poly(cis-2-butene sebacate) 6,190 B 130 300 
Poly(trans-2-butene sebacate) 3,560 A 910 340 
Poly(2-butyne sebacate) 4,930 C 210 670 
Poly(hexamethylene fumarate) A 60 35 
Poly(cis-2-butene fumarate) ; B 390 30 
Poly(tetramethylcyclobutane succinate) 3,440 E 10 0 
Poly(cyclohexylenedimethyl succinate) ` 3,910 B 70 130 
Poly(cyclohexylenedimethy] adipate) 3,250 B 80 200 
Poly(tetramethylene terephthalate) C 0 0 
Poly(ethylene tetrachlorophthalate) 1,670 A 0 0 
Poly(2,2-dimethyltrimethylene isophthalate) A 20 0 


All polyesters but two were prepared into powders at 30 °C by grinding. The exceptions were poly(tetramethylene terephthalate) which was 
powdered with a centrifugal ball mill and polycaprolactone which was powdered from a solution in chloroform by a precipitation method. 
The particle size of each polyester powder was ranked A, B, C, D or E, corresponding respectively to roughly less than 0.25 mm, less than. 0.50 mm, 
less than 1.0 mm, 0.25-1.5 mm, 0.25—3 mm. Each reaction mixture contained 400 pmol of phosphate buffer (pH 6.0), 300 mg of the polyester 
powder and 0.3 mg of Rh..delemar lipase in a total volume of 10.0 ml. The reaction mixtures were incubated in the same way as Table 1. 
The TOC concentration of the enzyme control was 10 p.p.m. 
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trimethylene isophthalate), was not hydrolysed by any of the 
enzyme preparations. 

Rh. delemar lipase purified to homogeneity in the ultra- 
centrifuge was found capabie of hydrolysing various kinds of 
polyesters (Table 2). PEA was the best substrate tested, and 
activity was relatively high with poly(ethylene azelate). Poly- 
propiolactone and PCL were degraded, but not poly (DL-B- 
methylpropiolactone), the D-isomer of which is known to be 
one of the materials stored by bacteria and algae. Unsaturated 
polyesters from 2-butenediol were also degraded, but polyesters 
with eyen a few hybrid bonds among the polymer chains, such 
as those induced from poly(hexamethylene fumarate) and poly- 
(cis-2-butene fumarate), were hardly degraded. Two alicyclic 
polyesters, poly(cyclohexylenedimethy! succinate} and poly- 
(cyclohexylenedimethyl adipate), were degraded fairly exten- 
sively. Aromatic polyesters such as poly(tetramethylene 
terephthalate), poly(ethylene tetrachlorophthalate) and poly- 
(2, 2-dimethyltrimethylene isophthalate) were not degraded. 

Amongst the products of PEA hydrolysis by Rk. delemar 
lipase, we detected not only the constituent parts of PEA— 
adipic acid and ethylene glycol—but also large quantities of 
PEA oligomers (Fig. 1). This may indicate that RA. delemar 
lipase randomly splits ester bonds. 
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Involvement of DNA gyrase 
in bacteriophage T7 DNA replication 


NOVOBIOCIN and the related antibiotic coumermycin A; 
(referred to as coumermycin) inhibit the supercoiling of 
circular double-stranded DNA catalysed by Escherichia coli 
DNA gyrase’. They also inhibit the replication of chromo- 
somal DNA in E. coli cells’, and of circular double-stranded 
DNA in cell-free systems from E. col ®. The activity of 
DNA gyrase obtained from a coumermycin-resistant (cow) 
mutant and the replication of colicin El plasmid (Col EI) 
DNA in a cell extract of the mutant are resistant to both 
drugs’. These results show that DNA gyrase is an essential 
component of these systems for the replication of the 
circular double-stranded DNA. It is interesting to examine 
whether DNA gyrase also has a role in replication of linear 
double-stranded DNA. The DNA of E. coli bacteriophage 
T7 is linear and double stranded*. Linear replicating 
molecules have been isolated from infected cells and it has 
been claimed that the phage DNA replicates as a linear 
form, at least in the first round of replication®. We show 
here that the replication of phage T7 DNA, including the 
first round, is inhibited by coumermycin. 

The effect of various concentrations of coumermycin on 
DNA synthesis in coumermycin-sensitive and resistant 
bacteria during 20min after infection of phage T7 was 
examined. T7 DNA synthesis was inhibited by coumer- 
mycin, to a greater extent in the sensitive bacteria than in 
the resistant bacteria (Fig. 1). To attain a similar extent of 
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inhibition, an approximately 10 times higher concentration 
of the drug was needed for the resistant bacteria than for 
the sensitive bacteria. At a given concentration of the drug, 
T7 DNA synthesis was inhibited to about the same extent 
as chromosomal DNA synthesis in the uninfected cells. 
This was true of both the sensitive and the resistant bacteria. 
On the other hand, it has been shown that a 50-fold lower 
concentration of the drug is sufficient to produce compar- 
able inhibition in toluene-treated cells (refs 4,13 and 
unpublished results). Thus the T7-infected cells seem to 
retain the same limited permeability to the drug as the 
uninfected cells. Phage DNA synthesis (Fig. 1) and chromo- 
somal DNA synthesis (data not shown) in the resistant 
bacteria were inhibited by high concentrations of coumer- 
mycin. It is known that high concentrations (25 ug ml” or 
higher) of coumermycin significantly inhibit DNA gyrase 
purified from the resistant bacteria (M. Gellert, personal 
communication) as well as other enzymes, such as DNA 
polymerase III and DNA-dependent RNA polymerase of 
E. colit. The resistant strain used in this experiment was 
selected as a spontaneous drug-resistant mutant and tts 
mutation was mapped close to the dnaA locus by PI- 
mediated transduction. Moreover, when bgiC* (the bgl locus 
is known to be located near the dnaA locus") transductants 
of the resistant strain were selected, about 20% of them 
were found to be simultaneously coumermycin-sensitive, 
and two representative drug-sensitive transductants showed 
a drug-sensitivity of T7 growth similar to that of the 
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Fig. 1 Effect of coumermycin on DNA synthesis in T7-infected 
cells. NI746 (@), a low thymine-requiring mutant of NT525 
Su-bglCcous and its spontaneous coumermycin-resistant (cou") 
derivative, NI751 (O) were used. The cou’ mutation of NI751 
was mapped close to the dnaA locus. DNA synthesis in toluene- 
treated cells of NI75I and Col EJ DNA replication in an extract 
of this strain were resistant to coumermycin. Cells were grown 
to 3x 108 per ml in OC medium (a minimal medium with casa- 
mino acids (Difco)) supplemented with thymine 2.ug ml— at 
37 °C, centrifuged and suspended in one-tenth volume of the 
absorption buffer (10mM Tris-HC1, pH7, ImM MgCl, 0.5% 
NaCl, 10 ug mi~ gelatin, 0.4% casamino acids) with various 
concentrations of coumermycin (from J. Davies, University of 
Wisconsin). Coumermycin was dissolved in dimethyl! sulphoxide 
and an equal amount of the solvent was added to the control 
cultures. Bacteria were infected with phage T7 at a multiplicity 
of five by incubating for 7 min at 30 °C. The adsorption mixtures 
were diluted 10-fold in OC medium with 9H-thymine (1.2 Ci 
mmol~1, NEN) and various concentrations of the drug. After 
incubating at 30°C for 30 min, acid-insoluble radioactivity in 
0.1 ml of each culture was determined”’—100°% corresponds to 
about 12,000 c.p.m. A DNA-DNA hybridisation experiment™ 
was performed with the samples made from the infected sensitive 
and resistant bacteria incubated with or without 100 pg ml~! 
coumermycin. In the sample made from the sensitive bacteria 
without the drug and those from the resistant bacteria with or 
without the drug, more than 80% of the labelled material was 
‘phage T7 DNA, whereas 75% was bacterial DNA in the sample 
made from the sensitive bacteria with the drug (data not shown). 
It is known that bacterial DNA synthesis does not stop immedi- 
ately by T7-infection!?, and it is also known that bacterial DNA 
synthesis does not stop immediately after addition of coumer- 
mycin?. 
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Fig. 2 Kinetics of DNA synthesis by T7-infected cells of NI746- 
cou’? (a) and NI751cou' (b). Methods used were generally as des- 
cribed in Fig. 1. Cells were grown in OC medium supplemented 
with thymine (2 pg m1~), centrifuged and suspended in the ad- 


sorption buffer with (O) or without (@) coumermycin (100 ug 
ml-'). The cells were then infected with phage T7 at a multi- 
plicity of five. After incubation for 7 min at 30° C, mixtures were 
diluted in the same medium with °H-thymine (1.2 Ci mmol~) 
and incubated at 30 °C. After incubation for 10 min, the culture 
of the infected sensitive bacteria without the drug was divided 
into two portions, to one of which coumermycin (100 pg ml) 
was added and incubation was continued (A). At intervals ali- 
quots (0.1 ml) were withdrawn and acid-insoluble radioactivity 
was determined. 


sensitive strain used in this experiment. Therefore, the 
possibility that the observed resistance of T7 growth to the 
drug was due to some unidentified drug-resistant mutant 
enzyme which might be involved in T7 growth should be 
very scarce. The differential effect of the drug on T7 DNA 
synthesis in the sensitive and the resistant bacteria indicates 
that the inhibition of the activity of DNA gyrase by 
coumermycin caused the inhibition of T7 DNA synthesis 
in the sensitive bacteria. 

DNA gyrase could act directly on T7 DNA molecules, 
or it could act on the bacterial chromosome to produce and 
maintain its negatively supercoiled structure, which might 
be necessary for T7 DNA replication. When coumermycin 
100 ug ml“? was added at the beginning of infection, DNA 
synthesis in the infected sensitive bacteria was severely 
inhibited (Fig 2a), whereas that in the resistant bacteria 
was relatively less inhibited (Fig. 2b). A similar inhibition 
of DNA synthesis in the infected sensitive bacteria was 
observed when the drug was added 10 min after infection 
(Fig 2a). Since the bacterial chromosomes are extensively 
broken down by that time”, the inhibition of T7 DNA 
synthesis is not likely to be an indirect effect due to action 
of the drug on the bacterial chromosomes. This in turn 
shows that DNA gyrase acts on T7 DNA molecules. 

To determine whether even the first round of replication 
of T7 DNA molecules is inhibited by coumermycin, the fate 
of the parental DNA after infection was examined. In this 
experiment, T7am233 (gene 6) was used with a multiplicity 
of infection of less than one to eliminate possible com- 
plexities in the analysis due to recombination and con- 
catemer formation. It is known that neither recombination 
nor formation of concatemers of T7 DNA occurs in the 
absence of a functional gene 6 product, although several 
rounds of semiconservative DNA replication take place’™”. 
Both the sensitive and resistant bacteria incubated for 
20min in 5-bromodeoxyuridine (BrdUrd)-supplemented 
medium were infected with “P-labelled T7am233 and 
incubated for 12.5 min at 30°C with ‘or without 100 peml™ 
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coumermycin. DNA was extracted and analysed by equili- 
brium CsCl density gradient centrifugation. For the DNA 
prepared from the infected sensitive ‘bacteria incubated 
without the drug, most of the labelled DNA appeared 
at the position of fully light (LL) DNA, and about 25% 
formed a broad band with a peak approximately at the 


position of half-heavy (HL) DNA (Fig. 3a). The shoulder 


on the heavier side of HL DNA probably consists of 
replicative intermediates in the second or later round of 
replication. T7am233 DNA replication in each infected 
cell was quite heterogeneous. The DNA replication of 
T7 am* as well as a gene 6 amber mutant has been shown 
to be rather heterogeneous in the experiments similar to 
that shown here; a considerable portion of the parental 
DNA still forms:a band at the position of LL DNA, even 
when the progeny DNA labelled with BrdUrd appears 
at the position of fully heavy (HH) DNA, and replicated 
DNA molecules form rather broad bands at the positions 
of HL and HH DNA”. For the DNA prepared from 
the infected sensitive bacteria incubated with coumermycin, 
however, practically no labelled DNA appeared in the 
position of HL DNA (Mg. 3c). In contrast, when the 
resistant bacteria were used, the amount of labelled DNA 
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Fig. 3 CsC1 density gradient centrifugation of DNA extracted 
from cells of N1746Su-cou® (a and c) and NI751 Su~cou" (b and 
d) infected with 3*P-labelled T7am233. Cells were grown in OC 
medium supplemented with thymine (2 ug ml-1), centrifuged 
and suspended in OC medium supplemented with BrdUrd (5 
ug ml-}, Sigma) in place of thymine and further incubated for 
40 min at 37 °C to replace the intracellular pool of nucleotides. 
Cells were then centrifuged, suspended in the adsorption buffer 
with (c and d) or without (a and b) coumermycin (100 pg mi~*), 
and infected with ?2P-labelled (40 mCi mmol —) T7am233 (phage 
strain obtained from H. Ogawa, University of Osaka) at a multi- 
plicity of 0.6. After incubation for 5 min at 30 °C, the cultures 
were diluted in OC medium supplemented with BrdUrd and with 
or without the drug, and incubated at 30°C. At 12.5 min after 
the dilution, the reaction was stopped by addition of four volumes 
of cold SSC (0.15 M NaCl, 0.015 M Nasa citrate)-5mM KCN. 
Cells were centrifuged and suspended in 0.2 ml of SSC (pH 
adjusted to 8.0)-10mM EDTA-10mM KCN. Lysozyme (Sigma) 
was added at a concentration of 500 pg mi~! and the mixtures 
were frozen and thawed three times. After incubation for 15 min 
at 37 °C, sodium N-lauroyl sarcosinate (Sigma) was added at a 
concentration of 0.1% and the mixtures. were incubated for 15 
min at 65 °C. The cell lysates were then treated with proteinase 
K (200 pg ml-, E. Merck) at 37 °C for 2 h. The lysates were 
diluted with SSC and after addition of *H-labelled (2.5 x 104 
¢.p.m.) E. coli DNA, brought to a final volume of 7.5 ml with a 
density of 1.73 g ml! by adding CsCl. They were centrifuged 
ina Beckman 40rotor for 50 hat 36,000r.p.m. at about 15 °C. Each 
gradient was collected from the bottom of the tube to give about 
50 fractions, and ??P (O) and °H (@) counts were determined. 
Approximately 80% of the input radioactivity was recovered 
from each gradient. Positions for light (LL), half-heavy (HL) 
and heavy (HH) DNA are indicated by the arrows. In c, the 
distribution of °2P and °H counts in the fractions 18-35 is also 
shown on a 10-fold expanded scale. 
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which formed a band around the position of HL DNA 
was only slightly reduced ‘by the addition of the drug 
(Fig. 3b, d). These results indicate that the inhibition of 
replication of T7am233 DNA molecules in the sensitive 
bacteria was due to inhibition of DNA gyrase by coumer- 
mycin. 

The inhibition of the first round of replication could 
occur at initiation and/or at an early stage of DNA 
replication. In the preparation made from the infected 
sensitive bacteria incubated with the drug, a small but 
significant amount of labelled DNA was found between 
the positions of HL DNA and LL DNA (see Fig. 3c inset), 
even though practically no band of the labelled DNA was 
found in the positions of thesHL or heavier DNA. These 
molecules are likely to be replicative intermediates arrested 
by the drug early in replication, rather than those on. the 
way of the normal replication resulting from the incomplete 
inhibition by the drug of the initiation of DNA replication. 
This leads to the conclusion that DNA gyrase is involved 
at least in the stage of elongation of DNA chains. 

Phage T7 DNA has redundant ends and could circularise 
through that structure’. Circular molecules have been only 
rarely observed in T7am* DNA obtained from bacteria 
at an early stage of infection, however (refs 2, 9 and 
unpublished results of T. Ogawa and J.T.). Use of T7am233 
reduced the possibility of circularisation of phage DNA 
molecules mediated by the product of gene 6. Because 
the DNA of T7am** as well as a gene 6 amber mutant!” 
seems to replicate as a linear molecule, the inhibition of 
the first round of replication of T7am233 DNA molecules 
by coumermycin implies that DNA gyrase is involved in 
the replication of linear double-stranded DNA. 

When a duplex DNA molecule replicates, the parental 
strands must unwind to serve as templates. If the replicating 
molecule is circular and covalently closed, at least a 
temporary nicking of one of the strands is essential for 
the unwinding. On the other hand, if the replicating 
molecule is linear, the unwinding could be accomplished 
by relative rotation of the replicated region in relation 
to the unreplicated region of the molecule without nicking 
of the strands. But, such rotation for unwinding of a 
long duplex DNA molecule in vivo is quite improbable, 
if one considers the necessity of simultaneous rotation of 
molecules attached to the DNA molecule, such as the 
machinery for transcription and translation and cellular 
structures like membranes”. It has been suggested that 
phage T7 DNA in infected cells is associated with the 
bacterial membrane”. The unwinding could be facilitated 
by nicking and closing of one strand which would occur 
at or a little ahead’ of the replicating point. A nicking 
and closing enzyme may act to relieve the positive super- 
coiling strain imposed by replication, or more actively, to 
facilitate separation of the parental strands by imposing 
a negative supercoiling strain. DNA gyrase would be a 
suitable enzyme to act in this process. 

We thank M. Gellert for useful comments. 
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Is the centriole bound 
to the nuclear membrane? 


THE persistence of the centriole during interphase near the 
nucleus within the so-called cell centre seems to be a general 
feature of most animal cells. An association between the 
nucleus and the cell centre has been proposed and has been 
clearly shown in some cell types*?. A permanent system in- 
volving chromosomes, spindle fibres and centrioles has been 
suggested by Lettre et a/.?, and Aronson‘ has demonstrated the 
existence of a Colcemid-sensitive mobile system between the 
nucleus and a centre at the two-cell stage in the sea urchin 
Lytechinus variegatus. We show here that there is a physical 
association between the centriole and the nucleus in the rat 
liver cell which resists cold treatment, cell disruption and 
nuclear isolation. When nuclear envelopes are prepared from 
isolated nuclei, the association between the centriole and the 
nuclear envelope is maintained. 

Nuclei from rat liver were prepared according to Blobel 
and Potter® with slight modifications to adapt the procedure to 
larger amounts of tissue. Liver tissue (33 g) was homogenised 
in 110 ml of 2.2 M sucrose-TKM (50 mM Tris-HCI pH 7.5, 
25 mM KCI, 5 mM MgCl.) with a Chauveau type homogeniser 
(Plastimarne). The homogenate was filtered through 10 layers 
of cheese cloth and mixed with 220 ml of 2.2 M sucrose-TKM, 
using a glass rod. The suspension was transferred to cellulose 
nitrate tubes underlaid with 10 ml of 2.3 M sucrose-TKM 
and centrifuged for 1 h at 4 °C and 25,000 r.p.m. in an SW 25.2 
rotor (Beckman). The nuclei were then washed by resuspension 
with 1 M sucrose-TKM and with 0.25 sucrose-TKM. 

These nuclear preparations were pure as judged by electron 
microscopy. Nuclei showed intranuclear structures such as 
nucleoli and perinuclear and perinucleolar chromatin. The 
nuclear envelope was present, contained pores and had ribo- 
somes associated with the outer leaflet. The chemical composi- 
tion of these preparations was constant, suggesting good 
reproducibility of the isolation technique. The lipid phosphorus/ 
DNA phosphorus ratio was 0.060 4-0.002 (over 20 determina- 
tions). This value is low, indicating a low cytoplasmic con- 
tamination. Presence of centrioles in such nuclear preparations 
was not detected by electron microscopy (although we did not 
make a systematic search using serial sections). 

Nuclear envelopes were isolated from such nuclei by the use 
of heparin which, in suitable conditions, induces complete 
solubilisation of chromatin*?, This allows the observation of 
well-preserved nuclear envelopes which have not been damaged 
by sonication, high salt or shearing through sucrose gradients. 
Nuclei were resuspended in 0.01 M Tris-HCI PH 8.0 containing 
0.01 M Na,HPO, at a final concentration of 200 ug DNA per 
ml. Heparin was then added in an excess corresponding to 
1.5 times (w/w) the amount of DNA present in the nuclear 
suspension. After short vortex mixing the nuclear suspension 
was diluted five times with buffer and nuclear membranes 
were sedimented by centrifugation for 40 min at 20,000 r.p.m. 
(45,000g). All operations were performed at 4 °C. 

Electron microscopic observation of such nuclear envelopes 
showed a surprisingly high number of centrioles. Some examples 
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Fig. 1 Presence of centrioles in nuclear membrane pellets. Rat liver nuclei were resuspended at 4 °C in 0.01 M Tris-HCl pH 8.0 containing 

0.01 M Na,HPO, and incubated with heparin (Nat salt-grade I from Sigma) at a heparin to DNA ratio of 1.5 (w/w). After short vortexing, 

the nuclear suspension was diluted fivefold with buffer; nuclear membranes were sedimented immediately in that case at 45,000g for 

40 min. Nuclear membrane pellets were fixed with 2% glutaraldehyde in 0.1 M cacodylate buffer, pH 7.4. They were postfixed in 2% 

osmium tetroxide, dehydrated in ethanol and embedded in Epon—Araldite. a-d, 42,000 x ; e, f, details showing apparent attachment (small 

arrows) of centrioles to membranes through dense material ET them. e, 60,000 x; the large arrow indicates a nuclear pore. 
, 72,000 x. 


are shown in Fig. 1. They sometimes seemed to be bound to the 
nuclear envelope by the surrounding material (Fig. 1e-f). We 
assumed that the failure to see centrioles in preparations of 
whole isolated nuclei was due to the relative size of centrioles 
compared to nuclei. Such a difficulty should not occur with 
optical microscopy which allows the observation of whole 
nuclei. Isolated nuclei, suspended in the isolation buffer (0.05 M 
Tris-HCl, pH 7.5, 0.025M KCl, 0.005M MgCl.) showed 
irregular shapes, intranuclear organisation and nucleoli when 
observed by phase contrast microscopy. It remained difficult 
to detect the presence of centrioles in these nuclei. 

The ability of low Mg?+ (5x 10-4 M) to decondense hetero- 
chromatin®® was exploited to produce swollen and spherical 
nuclei with homogeneous nucleoplasm, in which all apparent 
organisation is lost except faint nucleoli. In such conditions, 
it was easy to detect centrioles associated with nuclei either by 
phase contrast microscopy or in polarised light. Several examples 
are given in Fig. 2. More than 50% of the nuclei in any pre- 


paration had a centriole which could be recognised without 
ambiguity because of its typical aspect as two paired dots in 
phase contrast microscopy or polarised light microscopy. 
In rare circumstances, centrioles could be seen as two ortho- 
gonally oriented small bars (Fig. 2f, j); change in focus could 
show centrioles as black dots or refringent white dots (Fig. 
2e, i). With some nuclei, by changing the focus, one could 
observe the centriole as two white dots, two black dots, a white 
and a black dot and the reverse situation (Fig. 2e). This is 
because of the complex spatial arrangement of centriole in 
two orthogonally oriented bars. In some cases varying the focus 
caused one or two other dense spots to appear on the same 
nucleus (Fig. 2g, h,i), but the meaning of this observation is 
not known. 

In some nuclei, fibrillar structures could be seen originating 
in centriole. This would suggest the existence of an ‘aster-like’ 
system in the liver cell, and that part of it may remain associated 
with centriole during cell disruption and cold treatment. 
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This association centriole-nucleus is probably not restricted 
to the liver cell, as it was also seen in preparations of thymocyte 
nuclear membranes. . 

What is the significance of these observations? A major role 
has been attributed to the cytoskeleton in the control of cellular 
functions such as cell shape, cell movements, cell polarity 
and cell surface activity. This raises the question of the exact 
role of the association of the microtubule Organising centre 
with centrioles during interphase. 

One role for such a binding between nucleus and centriole 
could be the anchorage of nucleus into the cell cytoplasm. The 
methods introduced by Prescott ef al %1 to enucleate cells 
make use of cytochalasin B, and enucleated cytoplasms ob- 
tained in this way always contained centrioles!?—4, One can 
therefore speculate that it is the disruption of the binding of 


nucleus to centriole which allows cel] enucleation, although. 


an alternative hypothesis has been proposed by Wright et al,15 
which makes the subplasmalemmal network of microfilaments 
the target of the cytochalasin B effect. The effect of cytochalasin 
B suggests that the binding of the nucleus to the centriole is at 
least in part realised by actin filaments. That not only actin 
is involved is indicated by the effect of colchicine! and colcemid? 
on the centriole—-nucleus complex. 

The well-known biological effect of cytochalasin B on cell 
cultures is to impair cytokinesis but not karyokinesis, leading to 
bi- or multi-nucleated cells". Thus, the structural role proposed 
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here for the nucleus—centriole complex, that is, anchorage of 
the nucleus into the cell, would indeed have a functional 
counterpart: 
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Islands in space 


The High Frontier: Human Colonies 
in Space. By G. K. O'Neill. Pp. 288. 
(Jonathan Cape: London, 1977.) £5.95. 





A POPULATION of several thousand 
million people located in space 
colonies, within a mere 35 years of the 
initiation of a space colonisation pro- 
gramme, is typical of the thinking— 
one might even say the evangel—of 
Dr O’Neill. In this readable and extra- 
ordinarily optimistic promotion of the 
cause of space as better than this Earth 
the author argues that man must be 
persuaded to rid himself of his 
“planetary chauvinism’ and accept 
that even the Moon or Mars, for ex- 
ample, would not provide as suitable 
an environment as man-made habitats 
situated at one of the semi-stable La- 
grangian points in the Earth-Moon 
system. 

Three stages of development are 
suggested. “Island One” would be con- 
structed primarily of aluminium and 
glass inside a sphere of 0.5 km 
diameter. The habitat, filled with an 
oxygen atmosphere, would rotate to 
provide an Earthlike gravity at the 
equator. The great majority of 
materials for the construction would 
be mined and transported from the 
lunar surface. Heavy industry, located 
nearby outside the sphere, and agri- 
culture would, it is claimed, benefit 
from the continuous and predictable 
supply of solar energy, and the whole 
system could support a population of 
10,000 in some comfort. Careful 
screening would prevent any unwanted 
“bugs” from being taken in from 
Earth; and presumably no malign mu- 
tation is expected to occur. 

Within a further 50 years, the scale 
of development from these small 
beginnings is envisaged as leading to 
the “Island Three’ habitats, cylinders 
4 miles in diameter and 20 miles in 
length, maintaining several million in- 
habitants. There is probably no reason 
to dispute that such a design is already 
within the limits of present-day 
structural materials. Economic moti- 
vation for such colonies is claimed to 
lie with the construction of large solar 
power stations, subsequently placed 
into geosynchronous orbit and pro- 
viding the Earth with electricity 
through high power microwave trans- 
mission. Such systems have, of course, 


already been the subject of detailed 
design studies under NASA sponsor- 
ship, but it is not clear why sunlight 
in space should be more economic than 
in the desert areas of the near tropic 
latitudes here. 

This book may properly rank as 
space fiction rather than prophecy but 
if so it is not because of any violation 
of scientific laws. No fundamentally 
new physics is required nor any great 
projection of present-day engineering 


practice. The speed with which such 


plans could be formulated and imple- 
mented even if adequate political 
backing was forthcoming, as suggested 
by O’Neill, is a point on which opinion 
will, however, vary greatly. In par- 
ticular, there is little discussion of the 
inevitable sociological, legal and per- 
sonal, including moral and religious, 
questions in their widest sense. 

Much space is devoted to the pro- 
jected economic aspects of space 
colonisation, particularly in terms of 
the initial investment, and to con- 
sidering the viability of selling power 
to Earth through the solar power 
stations, considerations inevitably of 
a very speculative nature and, in 
themselves, hardly a complete justi- 
fication for this mammoth scheme. 

In chapter 2, entitled “The Human 
Prospect on Planet Earth”, O’ Neill 
presents what he sees as the most 
compelling arguments for a massive 


Animal cells in culture 


Biochemical Methods in Cell Culture 
and Virology. By Robert J. Kuchler. 


Pp. ix+331. (Halsted/Wiley: New 
York and Chichester, UK, 1977.) 
£22.50; $38. 





BECAUSE research in animal virology is 
based to a large extent on the use of 
animal cells in culture, it might seem a 
good idea to include in one manual the 
procedures of both. In fact, the task is 
not an easy one, as this review will 
suggest. 

The stated aim of this book is to 
provide a guide for growing, handling 
and studying viruses and cell cultures 
in the hope that the student consider- 
ing a career in virology, cell biology or 
cancer research should find it useful. 
There are three parts, of about equal 
lengths: Cell Culture, Virology, .and 


R. L. F. Boyd 


colonisation of space. The shortage of 
land and energy on Earth are even 
now an obvious cause for concern 
and, with the expected rate of popu- 
lation growth, the situation may be- 
come desperate even before the middle 
of the next century. It may be thought, 
however, that these are basically 
political and ethical questions, that 
given good will, unselfishness, honesty, 
education, tolerance, sympathy and so 
on, it would be no more difficult to 
build a heaven on Earth than a “New 
Earth” (the title of chapter 4) in the 
heavens. 

The New English Bible translates 
an aspiration of the early Christian 
church from two millenia ago, and no 
doubt echoing a far older yearning 
of many people, as “we . . look 
forward to mew heavens and a new 
Earth, the home of justice”. This 
problem with its associated need for 
wisdom and moral fibre outweights all 
the technical difficulties we face. Solve 
this and we might avoid the energy 
crisis of the late 1980s and the serious 
risk of war between “haves” and 
“have-nots” ‘before the end of then 
century. O 


i 


R. L. F. Boyd is Professor of Physics in 
the University of London, and Director of 
the Mullard Space Science Laboratory, 
Department of Physics and Astronomy, 
University College, London, UK. 


Macromolecular Analysis. The content 
is essentially a collection of very many 
procedures. Each procedure, or group 
of related procedures, is preceded by a 
brief introduction on its purpose and, 
very cursorily, on its history. 

Not many students can secure a 
copy of the standard procedures, for- 
mulations, recipes, and so on, which 
several large research laboratories, 
dealing with virology and cell cultures, 
necessarily keep. These procedures are 
often collected in loose-leaf Laboratory 
Manuals. Every time that a procedure 
or formulation is changed, it is an easy 
matter to replace the corresponding 
pages. 

The next best method (though ex- 
pensive) for a student who cannot get 
hold of any such manual, is a book; 
but a book does not have replaceable 
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e 
loose pages. In the two fields of viro- 
logy and cell culture the speed of 
advance of methods is very fast, much 
faster than that of ideas. Thus, a 
manual on methods requires contin- 
uous updating, 

Even the short time between going 
to press and publication has had this 
undesirable effect. Two examples: the 
procedures for cell fusion stop at the 
(doubtfully practical) use of lysole- 
cithin (1972); that is, before the intro- 
duction of polyethyleneglycol; and in 
the section on “Macromolecular 
Analysis”, sequencing of viral DNA 
genomes by means of restriction endo- 
nucleases is not even mentioned. 

This book thus falls between two 
stools. As a manual on methods it ts, 
inevitably, already outdated in parts 
and will very soon become extensively 
so. As a general survey of viruses as 
probes for cell biology its aim is not 


wide or high enough. Perhaps fewer 
methods, just as examples, but a much 
deeper and wider discussion on the 
current problems of virology and on 
how those methods contributed to 
solving them, would have made the 
book more stimulating. The student is 
much more helped by making him 
interested enough to look up the 
literature on procedures than by pro- 
viding him with ready-made recipes of 
very short half-life. As it is, this book 
will be more valuable as a source of 
references in the libraries of research 
laboratories than as a laboratory 
manual at the bench, or as reading for 
postgraduate students. 

G. Pontecoryo 





G. Pontecorvo recently retired as a mem- 
her of the research staff at the Imperial 
Cancer Research Fund Laboratories, 
London, UK, and is now Honorary Con- 
sultant Geneticist there. 





Mammalian 
fertilisation 
mechanisms 


Fertilization Mechanisms in Man and 
Mammals. By Ralph B. L. Gwatkin. 
Pp.x+J61. (Plenum: New York and 
London, 1977.) $21. 





FERTILIZATION is intrinsically a tre- 
mendously impontant process, marking 
as it does the union of male and female 
gametes, the recombination of their 
genetic loads, and the initiation of the 
new individual. Only in comparatively 
recent times, however, have various 
aspects of fertilisation in mammals be- 
come susceptible to direct experimenta- 
tion. The earlier work was con- 
sequently restricted largely to non- 
mammalian forms, notably the marine 
invertebrates. This area of investigation 
has continued to be most productive 
and is now experiencing a recrud- 
escence of research interest, which, 
together with studies based on the new 
capablities in the handling of mam- 
malian gametes, is yielding a wealth 
of new information. The time is ripe 
for an up-to-date and critical collation 
of published data from both mam- 
malian and non-mammalian sources. 
Gwatkin’s book goes a long way to 
meeting this challenge and should cer- 
tainly fill a need. . 

Chapters in the book deal with the 
development and properties of the 
gametes, their transport in the female 
tract, fentiisation in vitro, sperm 
capacitation, the aorosome reaction, 
sperm penetration of the zona pellu- 
cida, sperm-egg fusion, the defence 
against polyspermy, pronucleus forma- 
tion and the metabolic events detected 
duning fertilisation. Additionally, atten- 


tion is given briefly to the fate of sur- 
plus spermatozoa in the female tract 
and their interaction with somatic cells, 
and to the results of recent work on 
parthogenesis. There is also an Epi- 
logue in which the author indicates 
directions for future research. 

In the relevant chapters, particular 
attention is given to the exploration 
of the surface properties of gametes 
using lectins and other agents, and the 
close study of the successive stages of 
interaction of egg and spermatozoon 
which betoken different orders of res- 
ponse. A good deal of mystery still 
attaches to these processes and this in 
itself should serve as a powerful stimu- 
lus to further research. A fascinating 
feature of this’ phase of fertilisation 
lies in the apparent duplication of 
gamete properties and faculties, which 
denotes a curious limitation in the 
forms of substrate on which the influ- 
ence of evolution has had to operate. 
The consolation for the biologist lies 
in the possibility of drawing useful in- 
ferences from what can be regarded 
as complementary patterns. 

The book is written in a clear con- 
cise style and bears the authoritative 
stamp of an active and highly pro- 
ductive investigator in the field. The 
wide range of the author’s acqaintance 
with the literature is evident through- 
out the text and in the extensive list 
of references provided. ; 

The book can be warmly recom- 
mended to all those involved in 
research on gamete physiology and 
fertilisation, in non-mammals as well 
as mammals, and as an essential source 
of information and ideas for advanced 
students of medical and biological 
sciences. C. R. Austin 


C. R. Austin is Charles Darwin Professor 


of Animal Embryology at the University 
of Cambridge, UK. 
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Logical 
foundations of 
computation 


The Theory of Computer Science: A 
Programming Approach. By J. M. 
Brady. Pp. xiiit+276. (Wiley: New 
York and London, 1977.) Hardback £8; 
paperback £4.50. 





Brapy has written a book which can be 
warmly recommended to readers wish- 
ing to understand the logical foun- 
dations on which computation rests. 
It will be particularly valuable to 
students of computer science, but may 
be of interest also to computer pro- 
grammers who wish to widen their 
horizons. 

As a practical discipline, computing 
grew up in the late 1950s and early 
1960s. Recruits to the programming 
profession came from mathematics, 
engineering, science, and even the 
classics and humanities. These people 
applied a largely intuitive approach to 
solving problems pressed upon them by 
commercial and other users, urgently 
requiring effective solutions. There 
were many difficulties, and many pro- 
jects were late in completion, cost more 


than was intended, or were even 
aborted before completion. The lessons 
learned during this period led to the 
formulation of a set of methodologies 
for program design and construction 
which are now often graced with the 
name ‘Software Engineering”. 

To aid the newly emerging discipline, 
theoretical foundations have been 
and are being developed. Methods of 
defining the syntax and semantics of 
programming languages, methods of 
proving the correctness and equivalence 
of programs, and of analysing the com- 
plexity of algorithms, are theoretical 
developments with immediate potential 
impact. 

Arising, however, from the mathe- 
matics and logic camp there has come a 
theoretical background to computing 
which is often criticised as quite 
irrelevant to the practising program- 
mer. Brady argues that this is due to a 
misunderstanding of its position in the 
logical structure of the subject. The 
theories of computability, based on 
Abstract (Turing) Machines and Gen- 
eral Recursive Functions belong to the 
meta-theory the goals of which are to 
define precisely the meaning of ‘com- 
putable’ and to discover the theoretical 
limits of computability. 

His book is accordingly divided into 
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two parts. Part 1 covers the meta- 
theory, whereas part 2 (which has a 
different title in the contents list and 
in the text) discusses the approach to a 
theory of computer science. 

Brady does not assume extensive 
mathematical knowledge of his readers, 
and the prerequisites are summarised 
in an appendix. Throughout the book 
he leans heavily on the intuitions of the 
reader as an experienced programmer. 
He compares his approach with that of 
M. L. Minsky (Computation: Finite 
and Infinite Machines, Prentice-Hall 
1967) by suggesting that his book is to 
programming what Minsky’s is to 
hardware; hence the second part of 
his title. He writes with an enthusiastic 
style which makes his text very read- 
able. There are frequent invitations to 
the reader to extend his understanding 
by proving riders and solving problems. 
These he calls “checkpoints”, a usage 
which I find irritating. There are also 
more typographical errors than one 
expects in a book of this quality. These 
are, however, minor blemishes in an 
otherwise excellent book. 

S. J. Goldsack 





S. J. Goldsack is Professor of Computing 
Science at Imperial College of Science and 
Technology, University of London, UK. 





Neutrino 
proceedings 


Proceedings of the International 
Neutrino Conference, Aachen 1976. 
Edited by H. Faissner, H. Reithler and 
P. Zerwas. Pp. xii+748. (Vieweg : 
Braunschweig, 1977.) DM168. 


Ir has been interesting to review this 
conference report while attending the 
1977 Lepton-Photon Symposium in 
Hamburg, which covers the same field 
and much more. Rather than making 
last year’s news seem old and dull, this 
year’s conference illustrates how useful 
the Aachen proceedings can be as a 
reference. Aachen was a specialised 
conference and the speakers had time 
to do their experiments and theories 
justice. At conferences with a wider 
spread of subject matter the results can 
be reported but the details are lost. 
Some of the results reported at 
Aachen have, of course, now been 
overtaken by better experiments, or 
modified by more careful analysis. 
Nevertheless, much of the picture is 
the same as it was last year. The four- 
quark theory, with charm, still stands 
and a great deal of the evidence for 
this is reported in these proceedings; 
including a few wisely chosen non- 
neutrino results from e*e” storage 
rings. The quark-parton picture of 


hadrons is being increasingly refined, 
with about the correct amount of scale- 
breaking to satisfy the asymptotically 
free gauge theories. As well as data on 
these effects there is a useful review by 
the late Benjamin Lee, who includes a 
simple introduction to scale-breaking 
in. the course of his final summary of 
the whole conference. 

Theoretical contributions from 
Dalitz, Cabibbo, Salam and others give 
a picture of the variety of different 
quark models still available. M. K. 
Gaillard and de Rujula discuss the 
success of the charm concept in the 
light of the rich spectrum of particles 
reported in the experimental sessions. 
In contrast to their confidence, there 
are calls from Wolfenstein, . from 
Fritsch and from Sakurai for more 
data on neutral currents, on second 
class weak currents, on neutrino oscil- 
lations, on parity violation in atomic 
physics, and so on. We certainly do not 
yet understand the weak interaction 
completely. 

As well as high energy accelerator 
physics, there are a few papers on 
neutrino astrophysics and on assorted 
low-energy topics such as double 
B decay, and the "H spectrum as a 
probe of the neutrino mass. 

David J. Miller 
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Prosimian 
behavioural 
ecology 


Ecology and Behaviour of Nocturnal 
Primates. By P. Charles-Dominique. 
Pp.x+277 (Duckworth; London; Col- 
umbia University Press: New York, 
1977.) £12.50; $21.90. 





THE behavioural ecology of the prosi- 
mians, an essential element in our 
understanding of the evolution of the 
order of Primates as a whole, raises 
special problems not encountered in 
field studies of monkeys and apes. The 
majority of prosimians are small, shy 
inhabitants of dense forest environ- 
ments, solitary in their active phase 
and, most pertinent here, nocturnal. 
The task of adequately studying these 
in the wild is daunting and might seem 
impossible at times. Yet this book is a 
measure Of just how successfully that 
task can be carried out. 

In the main, it presents the results of 
almost a decade of research in Gabon 
in West Africa on five sympatric 
species of lorisid (three bushbabies, the 
potto and the angwantibo) living in the 
equatorial rainforest. Covering in great 
detail such areas as feeding and diet, 
stratification, locomotion, defence 
against predators, and many aspects of 
social behaviour and demography, it is 
concerned not simply with each species 
viewed in isolation but with the vital 
questions arising from their sympatry. 
It succeeds in shedding considerable 
light on the evolution of this group, the 
adaptive strategies called forth by the 
particular and precise ecological niches 
they occupy, the specialisations of 
structure and behaviour that have dev- 
eloped, and especially the manner in 
which competition between the species 
has been minimised. 

In most instances, penetrating and 
wide-ranging analysis leads to well- 
rounded and convincing synthesis. This 
has been achieved in two ways: first, 
by the skilful use of a variety of field 
techniques, ranging from direct obser- 
vation with headlamp to capture-mark— 
release procedures and radio-tracking, 
the latter yielding some most valuable 
information. Second, the author 
repeatedly recognises or finds confir- 
mation of his emergent hypotheses in 
acute ‘casual’ observations of untram- 


melled animals, or in beautifully simple’ 


manipulations of the forest environ- 
ment or captive circumstances. 

All this is not to say that Charles- 
Dominique’s account of the Gabonese 
prosimians is complete or without 
fault. In places, a paucity of hard data, 
unrevealed sample sizes or the absence 
of detail when procedures are des- 


cribed, raise doubts in the mind. The 
repertoires of communicatory and some 
other behaviours are incomplete and 
the social significance of play in Jorisids 
is totally overlooked. Moreover, certain 
interpretations are suspect or erroneous 
—for example, that concerning the 
defensive posture of Arctocebus, and 
the view that the primary function of 
the prosimian dental comb is gum col- 
lection rather than grooming, despite 
the indisputable importance of the 
former function in Euoticus, so clearly 
shown here. 

The title, if not the subtitle of the 
book could be misleading if, by it, one 
were led to expect a thorough-going 
review of our knowledge of all noctur- 
nal primates. In this respect, the work 
is erratic and there are some surprising 
omissions, even within the narrower 
compass of the Lorisidae. A concluding 
chapter does attempt to place nocturnal 
primates among the diurnal forms in a 
wider perspective, but here again the 





Sound waves 


In solids 
Sound Waves in Solids. By H. F. 
Pollard. Pp. 366. (Pion: London; 


Academic: London, 1977.) £10.50. 





THE author of this latest addition to the 
rapidly growing literature of acoustics 
is Dr Howard F. Pollard who is an 
Associate Professor in charge of the 
Physical Acoustics Laboratory at the 
University of New South Wales in 
Sydney, and is the leading Australian 
worker in this field. The objective of 
the author, as indicated in the intro- 
duction, is to provide initially the 
necessary theoretical background for 
the reader to appreciate fully the 
various applied fields of acoustics, such 
as non-destructive testing. This 
practical aspect is kept well to the fore 
throughout the book, and uniquely 
the author introduces, after the basic 
theory, synopses of experiments which 
appropriately illustrate the problem 
under discussion. A particular useful- 
ness of the text to the student is the 
provision of sets of questions at the 
end of each chapter which are based on 
the problems is included at the end of 
specified sections of the foregoing sub- 
ject matter. A full set of solutions to 
the book. 

In considering the general contents 
of the book, it is the chapter on 
acoustic waveguides on which the 
author can be particularly congratu- 
lated. He has introduced this important 
topic through the simpler system of a 
fluid waveguide, and, having estab- 
lished the essential theory and con- 
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quality of the result is decidedly un- 
even, marred by the dubious validity of 
a number of contentions regarding 
Primate evolution and ecology. Thus, 
the idea that competition for food is 
necessarily eliminated or even reduced 
by a Box-and-Cox temporal partition- 
ing of an ecological niche does not 
stand up to close scrutiny as a general 
truth. 

The strength of this book, and it is 
indeed strength, lies in the author’s 
approach to, and resolution of, the 
problems of behavioural ecology in his 
Gabonese prosimians; and in his 
demonstration that no aspect or detail 
of structure or behaviour is arbitrary, 
without meaning in terms of the 
animal’s survival. That is reason enough 
to commend this volume. 

Gilbert H. Manley 





Gilbert H. Manley is Lecturer in Primate 
Biology in the Department of Anthro- 
pology at the University of Durham, UK. 
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cepts, he deals with the understanding 
of the various practical applications. 


The chapter on ultrasonic experimental 


techniques is quite comprehensive and 
the latest developments such as ultra- 
sonic spectrometry receive adequate 
recognition. The author’s own research 
involvement in such work enriches his 
presentation of the subject; this also 
applies to the chapter in the book 
concerned with the exciting field of 
acoustic visualisation. A represent- 
ative number of holographic applica- 
tions are given, and here the author 
has revealed his musical interests by 
the inclusion of some reconstructions 
at audiofrequencies. 

The problem of the choice of refer- 
ences is difficult in a field like solid- 
state ultrasonics, which is large and 
rapidly expanding, but the author has 
helped the reader by including the 
appropriate references at the end of 
each chapter. Moreover, those con- 
cerned with particular experiments are 
given with the text. An author and a 
subject index are also included. The 
line diagrams are very clear and also 
the text, although the use of smaller 


print for experimental descriptions 
gives an impression of over com- 
pression. 


The title is indicative of the breadth 
of the subject so efficiently and clearly 
discussed by the author, and the book 
deserves to be welcomed alike by 
students, teachers and research 


workers. 
R. W. B. Stephens 





R. W. B. Stephens is Senior Visiting 
Research Fellow at Chelsea College, 
University of London, UK. 
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These descriptions are prepared by the Sample-handling system for radio- Thermomechanical analyser. Perkin- 


staff of Nature on the basis of material 
provided by manufacturers. The Reader 
Enquiry Card faces the inside cover. 


Microprocessor-controlled logger. Pye 
Unicam. The Philips PM 4000 system 
is designed for logging voltages, 
currents and temperatures; later 


models will handle mechanical (strain) - 


measurements directly. Up to 950 
channels can be controlled by one unit, 
and remote control and operation of 
the data logger are possible. The main- 
frame unit can hold up to 50 channels 
with extension units for each additional 
100 channels. Extension units can be 
up to 10m from the control unit—the 
use of digital communication between 
mainframe and extension units elimi- 
nates noise problems. Results can be 
conditioned into the relevant engin- 
eering units using internal linearisation 
tables and formatted for internal or 
external presentation. Programming is 
reduced to a simple question-and- 
answer dialogue using a built-in key- 
board and integral alphanumeric 
display, and no special programming 
language is necessary. Completed pro- 
grams can be dumped out to, or 
dumped in from, a digital cassette re- 
corder enabling custom program 
libraries to be built up. 

Circle No. 45 on Reader Enquiry Card 


Single-test creatinine analyser. Beck- 
man. The new Creatinine Analyzer-2 
automates precise measurements of 
creatinine in plasma, serum, urine, Or 
amniotic fluid. Time from sample in- 
jection to final readout is 26 s compared 
with the 15min usually required for 
running the test manually. Creatinine 
is clinically important in determining 
kidney function, in monitoring renal 
dialysis therapy, and as a warning of 
incipient muscular disease such as mus- 
cular dystrophy and hypothyroidism. 
Operation of the Creatinine Ana- 
lyzer-2 is based on the Jaffe reaction. 
Colour is generated as the patient 
sample mixes with reagent under con- 
trolled temperature conditions, and the 
analyser measures the rate of colour 
change, which is a more precise indi- 
cator of creatinine than endpoint ana- 
lysis. 

Circle No. 46 on Reader Enquiry Card 


immunoassay. Beckman. The modular 
Phase I RIA sample-handling system 
is designed to improve radioimmuno- 
assays by simplifying procedures for 
rapid, accurate, inexpensive analyses. 
Stand-alone instruments, accessories, 
and packaged RIA kits make up the 
system, which is available as a whole 
or in parts. Phase I system includes the 
Gamma 4000 gamma spectrometer, 
whioh is capable of processing up to 
400 samples automatically; an on-line 
DP-5000 microprocessor data reduction 
system, which stores up to 10 RIA data 
reduction programs including counts 
per minute; the Model J-6 Centrifuge; 
and an all-in-one pipettor/diluter/dis- 
penser which allows the solid-phase 
Beckman RIA Kits to be run with only 
one simple pipetting step. Basic to the 
Phase I System are Beckman double- 
antibody, solid-phase RIA kits, which 
reduce incubation time, centrifugation 
requirements, and chance for error. 

Circle No. 47 on Reader ‘Enquiry Card 





Beckman RIA system 


Blood bank refrigerator. Forma. The 
Forma Scientific model 3880 +4 °C 
blood bank refrigerator. has a 300-bag 
capacity and features top-to-bottom 
temperature uniformity’ within 0.5 °C 
in compliance with nationally recog- 
nised standards. Standard equipment 
includes six 50-bag capacity roll-out 
storage drawers with label holders, a 
self-charging battery alarm system with 
alarm ringback and remote alarm con- 
tacts, a pressure writing temperature 
recorder, automatic condensate re- 
moval (to eliminate drain lines), and 
a 100% stainless steel interior cabinet 
with cabinet lights. The unit is 30 
inches wide, 28 inches deep, and 73 
inches ‘high. 

Circle No. 48 on Reader Enquiry Card 


Elmer. The Model TMS-2 thermo- 
mechanical analyser when used for the 
thermal characterisation and quality 
control of materials, determines pre- 
cisely and rapidly, dimensional changes 
(expansion and extension modes) or 
visco-elastic changes (penetration and 
compression modes) of small samples 
in any form—powder, pellet, film, fibre 
or moulded part. The Model TMS-2 
system consists of analyser, analyser 
control and heater control modules. 
Displacement can be recorded simul- 
taneously as either integral or derivative 
signal, both individually attenuated and 
filtered. The linear variable differential 
transformer is in complete thermal iso- 
lation from the furnace, which permits 
operation at very high sensitivity with 
flat baselines over a broad temperature 
range. Heating and cooling rates from 
—170 °C to +325 °C are possible with 
the standard furnace and an optional 
low temperature furnace is available. 
A sliding furnace assembly, positive 
positioning of probe on sample and 
open tube design facilitates ease of 
sample handling. 

Circle No. 49 on Reader Enquiry Card 


Automated blood gas analyser. Tech- 
nicon. The Technicon BG II, pH/blood 
gas system uses an advanced, built-in 
computer to help provide accurate 
answers on eleven parameters on blood 
samples as small as 130 yu]. Small 
samples give the instrument wide appli- 
cation in hospital critical care facilities 
where patients with severe burns and 
other major illnesses are treated. These 
patients, as well as infants and the very 
elderly, have frequently been incapable 
of giving a large enough sample in the 
past. The Technicon BG II system is 
extremely easy to operate and maintain. 
With the BG II, the hospital can have 
cost-effective coverage in the central 
laboratory as well as in any other areas 
where blood gas samples are processed. 
The results of the eleven tests are avail- 
able in 24 min, and are printed out on 
paper tape or multiple-copy ticket. The 
values for pH, PCO», PO», and haemo- 
globin are measured directly: standard 
base excess, base excess, standard bi- 
carbonate, bicarbonate, O: saturation, 
O: content, and total CO: are computed 
and printed out simultaneously. 

Circle No. 50 on Reader Enquiry Card 
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Electronic precision balances. Mettler. 


A compact, rugged housing is used for 


two new electronic precision balances. 


The PL1200 can weigh up to 1,200 g 


with a readability of 0.01 g and the 
PL200 can weigh up to 220g with 
0.001 g readability. An automatic 
Stability detector circuit monitors the 


zero point and indicates when a re- 
-liable weighing result is available for 


reading. The measuring cycle can be 
adjusted from the outside in four 
different steps. This allows the balance 
to adapt to difficult weighing problems 
(such as restless lab animals) and to 
prevailing environmental conditions 
without affecting its weighing perfor- 


mance. The capabilities of weighing 


below the balance and of measuring 
moisture loss with the help of the LP12 
infrared dryer are also built into these 
balances. Printers, weight-count con- 
verters and other peripheral instru- 
ments can also be connected by means 
of a BCD output. 

Circle No. 51 on Reader Enquiry Card 
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Mettler PL1200 


Interferomeéier.”-Metals Research. The 
new Metals Research interferometer has 
been developed for the examination of 
the transmisison characteristics of laser 
rod materials both for zonal selection 
and final quality assessment. Following 
the classical lines of the Twyman- 
Green Interferometer the instrument is 
packaged so as to provide a sample 
space of 40mm diameter, 200mm 
long. Folding the light path in an opti- 
mum manner gives a table-top instru- 
ment of only 2011x410 inches, 
weighing approximately 110 pounds. 
Accuracy is 1/20 wave. Special design 
features include built-in laser illumina- 
tion to provide high contrast fringes for 
¿critical viewing of small apertures 
“(6mm _ dia.), and a decohering filter 
(rotating disk) to suppress spurious 
fringes created within the system. A 
built-in Polaroid roll film holder takes 


ìla 1:1 photographs of specimen patterns. 


Circle No. 52 on Reader Enquiry Card 


Automatic analyser for nitrogen oxides. 
Pye Unicam. The Philips PW 9762 
analyser continuously and automati- 
cally measures atmospheric oxides of 
nitrogen (NO, NO:, or their sum NO,) 
in a simple and economic manner, and 
it will do so for up to 3 months without 
intervention. NO and NO, are both 
measured in identical samples of am- 
bient air, NO» initially being qualita- 
tively reduced to NO for the 
measurement of NO, (NO, is the 
diference between measured values of 
NO. and NO). This use of identical 
sampling eliminates false negative 
values of the NO; signal. The PW 9762 
makes use of the chemiluminescence 
principle which creates a reaction be- 
tween NO and O; and, by providing 
an in-built ozone generator, the 
Philips analyser obviates the need for 
an external supply of gas—such as, for 
example, oxygen. Highly-sensitive 
pulse-counting techniques enable the 
analyser to be used in normal atmos- 
pheric-pressure conditions, thereby 
overcoming one of the earlier draw- 
backs of the chemiluminescence prin- 
ciple which demanded near-vacuum 
working conditions. The PW 9762 is 
extremely compact and fits into a 
standard 19-inch racking system. It in- 
corporates its own sample pump and 
power-supply unit and can be ready for 
use within 20 min of connecting up. 

Circle No. 53 on Reader Enquiry Card 


Anaerobic work centre. Forma. Forma 
Scientific introduce a completely self- 
contained anaerobic work centre de- 
signed to add immediate anaerobic 
capabilities to clinical and research labs 
of all sizes. The work centre consists 
of a large-capacity glove cabinet with 
a highly visible work area; a built-in 
incubator with solid-state temperature 
control and a forced-draft air flow sys- 
tem to maintain a comfortable working 
environment; and a front access auto- 
sequence interchange with single, 


push-button aerobic to anaerobic con- 


ditioning for quick-in, quick-out trans- 
fer of anaerobic cultures and 
apparatus. The work centre is com- 
plete with regenerative palladium 
catalyst and dessicant dryer modules, 
de-ox indicators, disposable work pads, 
and a waste removal system. Acces- 
sories available include an anaerobic 
collection/transfer cart, add-on work 
modules, inventory racks, and a mobile 
instrumentation bench for set-up of 
an integrated anaerobic station, includ- 
ing a low noise, oilless vacuum pump, 
built-in CO, and N: gas bottle platform, 
undercounter storage cabinets, and 
dual-wheel casters for easy moving. 
Circle No. 54 on Reader Enquiry Card 
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On-line chemical analyser. Kevex. The 
Kevex material analyser is intended for 
rapid and non-destructive on-line 
measurement of chemical compounds. 
The analyser includes a pre-pro- 
grammed microprocessor capable of 
calculating the concentrations of up to 
19 different elements simultaneously in 
as little as 5-10 s. Applications include 
routine quality control of fluids and 
slurries by batch sampling tests or con- 
tinuous on-line flow analyses with the 
option of olosed-loop control. Pro- 
visions for data logging and external 
signals for initiating element concen- 
tration correction or product rejection 
are included. The system can be fully 
automated. 

Circle No. 55 on Reader Enquiry Card 





Kevex material analyser 


Low-temperature temperature con- 
trollers. Neslab. Exatrol and Cryotrol 
controllers are designed primarily to 
extend the usefulness of the Neslab 
immersion coolers by providing the 
ability to maintain constant tempera- 
tures at any point up from the lowest 
point attainable. Neslab CryoCool and 
Bath Cooler immersion coolers can 
now be operated to maintain constant 
temperatures from as low as — 100 °C. 
The Exatrol temperature controller 
offers temperature stability of better 
than +0.05°C when used with a 
Neslab CryoCool or Bath Cooler. 
Linear cooling or heating rates can be 
programmed by adding the ETP-3 elec- 
tronic temperature programmer. The 
Cryotrol model provides temperature 
stability of +0.5°C. This economical 
method can be used where less critical 
temperature control is needed. A con- 
stant low temperature bath, as well as 
programmed freezing rates, is now pos- 
sible with this new series of tempera- 
ture controllers. 

Circle No. 56 on Reader Enquiry Card 
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Mr Desai takes on the scientists 


User departments, more relevant research, national 
needs... familiar words in Britain during the period of 
the Rothschild reorganisation, familiar words more 
recently in Australia during attempts to dismember the 
the Commonwealth Scientific and Industrial Research 
Organisation (CSIRO). Now the Indian government of 
Mr Morarji Desai is going through a similar operation 
with its own large scientific body, the Council of 
‘Scientific and Industrial Research (CSIR). And the 
opposition to these moves from the Indian scientific 
community is extremely vocal. 

CSIR is an organisation very largely conducting 
applied research. First established in 1942, it is most 
closely associated with Mr Nehru who put it on its 
present firm footing in 1952 and ensured, by making 
the prime minister its president, that the organisation 
had a substantial degree of autonomy, in that its director 
general could by-pass ministerial bureaucracy. Further- 
more, Nehru made himself minister for science, and in 
recent years Mrs Gandhi has also held that post, so 
there have been the clearest signs to Indian scientists 
of the importance that the government attached to 
science and technology. In these past thirty-five years 
CSIR has blossomed into an organisation with forty- 
four laboratories including ten cooperative research 
associations. 

The days are gone, however, when applied scientists 
could claim total freedom from direction. And the 
arrival on the scene of governments like those of 
Edward Heath, Malcolm Fraser and now Morarji Desai 
to find large expensive autonomous organisations 
nominally completely decoupled from departments 
working in the same field was bound to trigger off some 
very serious questioning. In cold logic many of CSIR’s 
laboratories could as sensibly be constituent of ministries 
such as industry, energy, electronics and agriculture. 
Thus the dismemberment of CSIR with up to 28 
laboratories detached to uSer-ministries is not without 
a rational basis. 

Against this, however, some very serious arguments 
must be ranged. First, there seems to have been no 
consultation of scientists within CSIR before the cabinet 
made its decision—and thus no opportunity for the 


sort of debate which might well have thrown up alterna- 
tive structures. Second, CSIR laboratories are at present 
expected to be accessible to government and industry 
alike, whereas once in the control of a ministry access 
might become much more restricted for those not within 
a tight circle. This is an interesting point which in the 
British context would certainly be worth studying. 
Third, ministers with tame scientists may be tempted to 
use these scientists simply to bolster up their own pre- 
judices and not for objective assessment. Fourth, India 
leads the world in ministerial bureaucracy and red-tape’ 
(thanks to the British), so any move that puts scientists 
under the control of so many paper-shufflers and rule- 
book-followers has to be regarded with alarm. 

These are weighty objections which in the British 
situation were only alleviated by the placing of chief 
scientists of intellectual distinction right in the midst of 
the relevant ministries. In India, the path to new 
machinery may well be different but for certain it must 
take note of the concerns of scientists. This has not yet 
happened, and the government will find itself with a 
very dispirited bunch of scientists if it does not bring 
them more into the discussion. a 

A rather different objection comes from those who 
fear that the dismantling of CSIR is one stage in the 
process of reducing India’s aspirations to technological 
self-reliance. CSIR has pursued many scientific projects 
specially aimed at cutting down the need for expensive 
imports, and anything that rewards the organisation 
for this by splitting it up is bound to be viewed with 
great suspicion. The Indian National Science Academy 
says this is an elliptical way in a statement which 
recognises the benefits of some foreign technology but 
points to the immense pools of talent available. The 
press have taken it up more stridently in statements 
such as ‘CSIR has been an eyesore to the multi- 
nationals’, and ‘CSIR is the first martyr to the Janata 
Government’s ill-concealed solicitude for the inter- 
national giants’. 

All this adds up to a compelling case that the govern- 
ment should come out and debate its proposals openly. 
Once CSIR is in pieces a major national asset is never 
likely to be put together again. O 
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Science versus safety: 
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who should judge the balance? 


R. N. P. Sutton, of the Department of Virology, Wittington 
Hospital, Manchester, offers some reflections on the possible 
implications of increasingly stringent health and safety 
requirements for scientific research in Britain 


EMMA Livery was a young and talented dancer in the Paris 
of the 1860s. She chose to ignore the management in a 
question of non-flammable material and, in consequence, 
was fatally burned during a performance at the Opéra. 
Mlle Livry weighed art against safety and paid’ the price. 

I doubt whether such a conscious choice could be made 

today. Over the years, safety regulations have proliferated, 
culminating, as far as Britain is concerned, in the Health 
and Safety at Work Act of 1974. These regulations 
have mandatory force and, whether post hoc or propter 
hoc, we now have a universal obsession with safety. Living 
‘and working in a scientific community, do we expect too 
much when we hope that a fair balance can be struck 
between a crippling devotion to safety-first on the one side 
and a disastrous /aissez-faire on the other? For the moment, 
let us confine ourselves to microbiology, for that is the field 
with which I am familiar. 
, Do laboratory workers handle pathogenic organisms 
carelessly? I hardly think so. In the diagnostic field, all are 
well aware of the dangers of hepatitis, tuberculosis and so 
on, probably more so than our colleagues in other dis- 
ciplines. There has been much thought about the newer 
hazards, Lassa fever, Marburg and rabies viruses, and the 
risks in handling these agents are now well recognised. 
Special control measures to prevent the spread of infection 
by these and similar agents have been set up in Britain. 
The Dangerous Pathogens Advisory Group (DPAG), a body 
broadly analogous to the Genetic Manipulation Advisory 
Group (GMAG), has laid down procedures for the 
handling of these Category A pathogens. The procedures 
apply to laboratories which, as a matter of deliberate policy, 
hold or handle or might in future hold or handle these 
pathogens. 

In laboratories with diagnostic responsibilities there are 


unavoidable risks in the handling of specimens. Where ' 


large areas, maybe including major seaports or international 
airports, are served, the chances increase of fortuitous 
encounter with dangerous pathogens. Facilities are 
required for safe handling of specimens from patients—and, 
indeed, the safe handling of the patients themselves—in 
whom exotic infections such as Lassa fever are suspected. 
At this stage, the practicalities of administration and 
finance become paramount. The necessity of expensive 
preparation for a rare event does not appeal to cost-effective 
administrators, hard-pressed by other and urgent appeals. 
There is a temptation to purchase a facade of equipment 
and, perhaps, to designate an empty room as a high 
security area. Justice, but not full justice, is seen to be 
done. In circumstances such as these, limited by unavoid- 
able financial constraints, clinicians, nursing staff and 
laboratory workers may be edged into positions which are 
unacceptably dangerous. 

But is not all this within the domain of the Health and 
Safety at Work Act? Here, it is expressly laid down as a 
duty that the exposure of persons to risks to their health 
and safety is forbidden. Yes, but... presumably, the 
legislators did not intend this Act to be read as forbidding 
nurses to dress infected wounds, laboratory workers to test 


infected specimens or doctors to attend to patients with 
contagious diseases. 

Yet dangers exist and there would seem to be practical 
and financial difficulties in implementing the provision of 
safe conditions of work, in particular with respect to the 
rare, but real, hazards presented by Lassa fever and the 
like to the ordinary hospital and laboratory of any size. 
Implementation of the spirit of this law is much easier 
when we consider the planned investigation of known in- 
fectious agents. Here, we are often on different ground, and 


_a fable comes to mind. 


In a far away land, there was a tragic disease, well known 
to medical men. Rumours claimed that this disease could 
be transmitted to monkeys and two doctors decided to try 
the experiment. One told his colleagues about the exciting 
prospects of his investigation; these friends banded them- 
selves into a committee and prudently forbade him to handle 
such a dangerous pathogen. The second doctor kept his 
counsel and success came his way. 

I am not sure whether this fable could be held to apply 
to any known disease. Told twenty-five or thirty years ago, 
it might have applied to poliomyelitis: told today, to 
Creutzfeldt-Jakob disease. Times change, and it is 
interesting to speculate on what would have happened if the 
early work on poliovirus had been carried out in today’s 
climate. Would we now have a poliovirus vaccine or would 
the experiments have been terminated, for the safety of the 
laboratory workers? Hither way, patients with poliomyelitis 
would still have been cared for and pathological specimens 
subjected to routine examination without much regard for 
the letter of any safety legislature. 

In the past, experimental risks were assessed by the 
scientist concerned. Accepted as being in possession of the 
facts, and capable of marshalling them with responsibility, 
his decisions were given due weight. Today this is not so and 
we have a society where everyone questions authority and 
claims the right to speak and act, often on topics beyond 
their competence. 

In this way, bodies often effectively lay in composition can 
inhibit individual workers through decisions which are ar- 
rived at by processes which are essentially non-scientific (risk 
avoidance, responsibility spreading and undue reliance upon 
public opinion). Such decisions, although they may well 
implement legislation such as the Health and Safety Act, 
may equally well not be in the public interest (that is 
“Doing today those things that men of intelligence and 
goodwill would wish, five or ten years hence, had been 
done”—Edmund Burke). 

How can we strike a fair balance between the demands 
of safety and those of the public interest? My concern is 
by no means theoretical and I know personally of recent 
instances where local bodies, acting in their own wisdom, 
have attempted, in the name of safety, to ban certain micro- 
biological experiments. On both occasions, as it happened, 
the offending agents were slow viruses or possible slow 
viruses. Next year, perhaps, influenza virus vaccines will 
take over the role of bogeys for the timorous in the local 
safety committees—who knows? 

A solution may lie in changing slightly the role of the 
DPAG. In the few programmes involving genetic engineer- 
ing, control is rightly in the hands of the GMAG. In the 
many experiments involving micro-organisms, the ultimate 
sanction in questions of safety and the power of veto 
should be, not in the hands of local bodies, but in those of 
the DPAG. In this way both the public safety and the 
freedom of the investigator would be protected. E 
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Health and safety 3 years on 


Alastair Hay traces the teething trouble of the UK 
Health and Safety Commission since its inception in 1974 


HEN the UK Health and Safety at 

Work Act (HSW Act) received 
the Royal Assent on 31 July 1974, a 
single agency—the Health and Safety 
Commission (HSC)—was brought into 
being. It was charged with securing 
the health, safety and welfare of people 
at work, and of the public out of work. 
The Commission has a Health and 
Safety Executive (HSE) to implement 
its decisions and coordinate the safety 
work previously carried out by separate 
agencies dealing with occupational 
safety and health, explosives, nuclear 
installations, factories and employment 
medical advisory services. Three other 
agencies were also allocated to the 
HSC and, in spite of considerable pres- 
sure to return them to their former 
status, have been retained by the Com- 
mission. They are the inspectorates for 
mines and quarries, farm safety, alkali 
and clean air. 

The HSW Act states that the Com- 
mission shall consist of a chairman and 
“not less than six nor more than nine 
other members” to be appointed by the 
Secretary of State for Employment. At 
the moment the Commission has eight 
other members. Employers’ organisa- 
tions in the form of the Confederation 
of British Industry (CBI) appointed 
three, the Trades Union Congress 
(TUC) nominated a further three, 
local authority organisations two more. 
Although several nominations have 
been considered for the ninth post 
no single nominee has proved accept- 
able to both employer and employee 
representatives on the Commission. 
CBI nominees have been vetoed by the 
TUC representatives and vice versa. 
According to one member of the HSC 
this political infighting was only to be 
expected in the creation of a new 
organisation. It had in no way affected 
the work of the Commission which, he 
said, was “going well”. 

Evidence that both sides of industry 
are cooperating well on safety issues is 
provided by the safety representatives’ 
legislation due to come into force on 
I October 1978. This provides for 
trades unions to establish ‘safety watch- 
dogs’ in work places throughout the 
UK: 150,000 ‘watchdogs’ are likely to 
be appointed, according to HSC esti- 
mates. When the measure was first 
proposed, CBI representatives opposed 
it, fearing that it would increase the 
power of trade unions; but, with no 
machinery other than the unions for 
negotiating with workers in industry, 
their opposition was short lived. 


A further threat to the legislation 
was posed by expenditure cuts imple- 
mented by the government. In fact the 
cuts would have stopped the legislation 
had the CBI and TUC not put pressure 
on the government to secure the 
measure. By this time both organis- 
ations were agreed that the legislation 
was important. As the coal mining 
industry has had safety representatives 
at the work place for many years, the 
pressure is not entirely new. But its 
success in the coal industry is un- 
doubtedly one reason for the HSC 
introducing it into others. It is also, 
say the HSC, the only way of ensuring 
that people can participate actively in 
decisions affecting their own safety. 


Placing responsibility 

The 1974 Act is quite explicit when it 
places responsibility for safety at work; 
it is the duty of every employer to 
ensure, “as far as is practicable”, that 
his employees are not “exposed to risks 
to their health and safety”. The HSE’s 
factory inspectors have the task of 
ensuring that the law is enforced in the 
factories of manufacturing industry in 
the UK. In the past these inspectors 
had to be generalists, each one being 
responsible for about 500 different 
premises. Today there is a different 
strategy: inspectors concentrate on 
specific problem areas. A new class of 
specialist inspectors is being trained 
who will be better able to advise local 
safety representatives. 

These inspectors are well armed too. 
If any employer does not comply with 
an ‘improvement order’ an inspector 
can issue a ‘prohibition order’ to stop 
a particular activity. In the HSC’s 
report for 1974-76, inspectors are 
reported to have served 5,433 improve- 
ment notices, 1.951 immediate, and 799 
deferred prohibition notices. Of the 44 
appeals lodged against these notices, 
31 were withdrawn, some were modified 
but in no case was a notice cancelled. 
In the HSC’s view this outcome is 
“very satisfactory”; the Commission's 
inspectors are using their legal powers, 
but with prudence. 

Prohibition notices are unlikely, how- 
ever, to be served on the directors of 
research laboratories in the UK. 
According to Audrey Pittom, the Direc- 
tor of the Hazardous Substances Divi- 
sion of the HSE, “enforcement or spot 
checks are not necessary for research 
institutions”. In Miss Pittom’s view, 
scientists obviously need to exercise 
care in the laboratory. But she ac- 
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VCM worker with personal monitor 


knowledges that most scientists are 
usually well versed in the hazards in- 
volved in their work. She says that the 
HSE feel that it is the large scale pro- 
duction processes in industry that pre- 
sent the real dangers. It is in these 
circumstances, where there is a long 
chain of command with no single 
individual responsible for the whole 
operation, that problems arise; this, she 
adds, is not the situation in the 
laboratory. 

In laboratories where the staff are 
organised in trade unions, safety rep- 
resentatives with legal powers will be 
appointed by October 1978. Many well 
run laboratories already have safety 
officers so this measure is unlikely to 
bring about any serious disruption. It 
will probably be those laboratories 
engaged in work of a multidisciplinary 
nature where scientists, adequately 
trained in one field, can venture into 
another, which will come under closer 
scrutiny. This is an area of concern for 
many laboratory safety officers who 
argue that the technicians employed in 
these laboratories are often unaware of 
the dangers they run, either because 
they have not been told or simply 
because their employer’s don’t know 
the hazards themselves. 


Genetic engineering 

One of the HSC’s proposals has been 
viewed as a serious provocation by sec- 
tions of the scientific community. It 
concerns the Commission’s all embrac- 
ing definition of what should, or 
should not, pass for genetic engineer- 
ing. The Commission feels that there 
must be regulations to cover this useful, 
but potentially dangerous research field. 
Its guidelines, put forward in a discus- 
sion document last year, were deliber- 
ately all-encompassing: in the words of 
a spokesman for the HSC it “did not 
want to leave anything out’. The 
definition certainly did not do that. In 
fact one commentator remarked 
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ironically that the definition was so 
broad that it would even preclude con- 
sumption of a bowl of yoghurt. 

But this was not the only response 
from scientists to these proposals. 
Reaction was often far more extreme. 
Some biologists attacked the recom- 
mendations with a fervour bordering on 
hysteria, principally, says the Commis- 
sion, because they were not fully 
informed of the reasoning behind the 
proposals. The Commission feels that 
some oOver-reacted, others were initially 
slightly misguided, but that the majority 
discussed the recommendations ration- 
ally. Note has been taken of these 
discussions and the Commission is now 
proposing a more selective definition 
of genetic engineering. It has yet to be 
approved by the Secretary of State for 
Employment. 

On the subject of industrial car- 
cinogens, the HSC view is unequivocal; 
industry must take more effective 
measures to reduce the risks. Inspectors 
in the HSE point out that workers in 
specific industries are still developing 
cancer. More and better surveillance is 
necesary. The HSC uses as its guide- 
lines the recommendations of the 59th 
sessions of the International Labour 
Conference on the prevention and con- 
trol of occupational hazards from car- 
cinogens. 

As a first step to limiting the spread 
of carcinogens, the HSC is preparing 
a notification scheme for all new sub- 
stances. Where the quantity manufac- 
tured in, or imported into the UK 
exceeds 1 tonne per year, advance 
information on the substance’s toxi- 
cological properties must be sent to 
the HSC. Substances already in use be- 
fore the introduction of the scheme 
are exempt from its provisions unless 
there is evidence that they present a 
particular hazard. 

Included in the toxicological details 
will be information about potential 
carcinogenic properties. As industry 
will be required to do its own testing, 
this will have to be done according to 
a protocol agreed with the Commission. 
Animal studies are still regarded by 
the HSC as the most effective for de- 
termining carcinogenic potential. But 
as they are expensive, the Commission 
argues that they are not feasible as 
screening tests for large numbers of 
new substances; the short term tests 
now available are more practical. Two 
short term tests favoured by the Com- 
mission are the Ames test—for assessing 
mutagenic properties in bacteria—and 
in vitro cell transformation in cultured 
cells. It is the Commission’s view that 
the results of these tests, as well as 
other factors such as chemical struc- 
ture, nature of exposure and the num- 
ber of workers exposed, should 
be considered in assessing whether addi- 
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tional tests are necessary. Some scien- 
tists point out that co-carcinogens are 
not covered by short term tests, and 
they add that some attention must be 
devoted to this problem. 

The Commission is unlikely to ban 
substances, however, simply because 
they are carcinogenic. The activity of 
the carcinogen, its use in industry and 
its manufacturing process will be con- 
sidered before resorting to a banning 
order. The Commission feels that 
cleaner manufacturing techniques 
could reduce the risk to workers from 
some carcinogens. Audrey Pittom cites 
the case of vinyl chloride monomer 
(VCM) as a substance, which can be 
“control(led) without prohibiting”. 
VCM, an important polymer in in- 
dustry but linked with the deaths from 
angiosarcomas of a former ICI em- 
ployee and a worker at British Petro- 
leum, is now subject to far stricter 
manufacturing procedures than existed 
in the past. Thus vinyl chloride, once 
even mooted as a potential anaesthetic, 
has escaped the prohibition notices 
served on some chemicals in the UK, 
such as #-naphthylamine and benzidine. 

In the final analysis it is epidemi- 
ological evidence which is necessary for 
assessing the carcinogenic risk a sub- 
stance carries for humans. To assist 
with this, the HSE, and TUC in par- 
ticular, would like to see industry keep 
better general medical records of em- 
ployees. A few specific industries do 
keep this information but the TUC feels 
that all industrial concerns should do 
likewise. Some argue, therefore, that 
it is almost certain that pressure will be 
exerted on the government in a year 
or two to introduce amending legisla- 
tion to the HSW Act to secure this 
end. 


Unlikely measure 

A measure not likely to be adopted in 
the UK in the fight against carcinogens 
is the proposition put forward by doc- 
tors representing two German chemi- 
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cal giants—Hoechst of Frankfurt and 
Bayer of Leberkusen. The doctors 
suggested that older workers be em- 
ployed in plants manufacturing 
dangerous chemicals on the basis that 
a more experienced workforce exer- 
cised more care in handling toxic 
substances, and that if there was a 
latency period of 20-30 years between 
first exposure and the development of 
cancer, these workers may be less at 
risk of developing cancer than their 
younger colleagues. 

The companies made it plain that 
they had never adopted this practice 
themselves and a spokesman for 
Hoechst said that it might be possible 
to implement the decision in smaller 
factories, but not in one as large as 
his. Reaction to the proposal in Ger- 
many from the Ministry of Labour, 
members of parliament and trade 
unionists was understandably hostile; 
it is hardly likely to be adopted. In 
Britain, Mr Bill Macmillan of the 
Chemical Industries Association 
thought that the proposal was an “‘in- 
teresting approach” but he insisted that 
it was “not one we apply in Britain, 
nor is it one which as far as I am 
aware had ever been considered in 
this country”. Spokesmen for both the 
HSE and one of the larger chemical 
unions in Britain said that the sug- 
gestion was “politically unacceptable” 
The real flaw in the Hoechst sug- 
gestion as far as the HSE spokesman 
was concerned, was that if there was 
a risk of someone being exposed to 
a carcinogen it would be impossible to 
restrict the substance merely to the 
factory confines and prevent other 
people in the environment being ex- 
posed. 

Thus the HSC and its Executive have 
to look at safety measures from both 
a political and technical standpoint. 
Che Commission has had to exert some 
political muscle to resist pressure from 
mining and agricultural interests to 
have their safety inspectorates detached 
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from the HSC and reinstated in their 
former guises. Attempts to have the 
Alkah and Clean Air Inspectorate re- 
turned to the Department of the En- 

have also met with little 
But this should come as no 
for few governments would 
see their own creations dis- 





Labour 
albeit its second term in 


is after lal a protegé of a 
government, 
office. 

It remains to be seen whether future 
British governments take the demands 
for dismemberment more seriously. By 
that time, however, most of the argu- 
ments in favour of such a measure will 
no longer apply, for the various in- 


Protecting production or workers? 


In November 1974, the British Society 
for Social Responsibility in Science 
reported in Nature on its work on vinyl 
chloride monomer. The Work Hazards 
Group of BSSRS sent Nature this up- 
date of its activities: 


Over the past three vears, BSSRS has 
expanded its hazards programme with 
the aim of providing information to 
those directly at risk on the factory floor 
and to community groups directly 
affected by industrial hazards. We now 
publish Hazards Bulletin five times yearly 
which includes material on particular 
hazards, developments in health and 
safety legislation, legal cases and trade 
union struggles for health and safety in 
the workplace. Pamphlets on noise, oil, 
vibration and asbestos dust provide more 
comprehensive analyses of the effects of 
these hazards and how to fight them. 
Our hazards enquiry service now re- 
ceives 50-75 enquiries per month, Local 
hazards groups work within trades 
councils, local trade union branches and 
community groups on health and safety 
issues, and we talk directly to safety re- 
presentatives and shop stewards on day 
release safety training courses organised 
by concerned members of the trade union 
movement. This direct contact has been 
invaluable to our work. 

While we have been developing our 
work at the rank and file level, world- 
wide concern about environmental 
hazards has increased. The enormity and 
horror of the disasters at Flixborough 
and Seveso, the struggle of the inhabi- 
tant of Minimata Bay to obtain com- 
pensation for the damage done by 
mercury poisoning, the poisoning of the 
state of Michigan by PBB, the militant 
demonstrations against fission reactors 
in France, West Germany and the United 
States. have all forced the scientifte com- 
munities in industry and the universities 
to begin a more systematic evaluation of 
the hazards of old and new technologies. 
So far. unfortunately, this response has 
been grossly inadequate, reflecting a 
remoteness from the problem and a lack 
of fundamental concern for those who 
are directly at risk. 

A conference on risk held at Imperial 
College, London. last May and organised 
by the Council for Science and Society 
(CSS) and the ensuing leaders and articles 
in Nature (19 May, 26 May) expressed 
fundamental differences of approach 
between our work and current academic 
and industrial considerations, The 
dominant note struck at the CSS con- 


ference and echoed in the pages of 
Nature is the need to guarantee pro- 
duction. Health and safety issues are 


secondary to the needs of maintaining 
and increasing production. While this 
approach is ‘understandable from the 
point of view of those responsible for 
planning the economy it is unaccept- 


able to 
factories 


those directly at risk in the 
and the neighbouring com- 
munities. Significantly, trade unionists 
and community groups are virtually 
excluded from conferences such as the 
one organised by CSS where the issues 
are discussed and where policy begins to 
be formulated. 

Aside from the inexcusable absence 
of those directly affected by the dis- 
cussions and the decision making, there 
are fundamental problems when the em- 
phasis is on guaranteeing production first 
and safety second. Such protection as ts 
provided involves enclosing the worker 
in cheap protective clothing rather than 
enclosing or redesigning the production 
process itself. Industry sees the problem 
as protecting the operation and design of 
the process, an attitude which character- 
ises a number of industrial approaches to 
health and safety. 

The first approach is a reluctance to 


accept that a hazard exists. The 
asbestos industry still claims that there 


is no risk to the general public from 
asbestos (remarks of Alex A, Cross, 
chairman, standing committee, Enter- 
national Asbestos Information Con- 
ference at Asbestos information 
Association Third Annual Industry 
Government Conference, September 8-9, 
1976). The second approach is to accept 
that a hazard does exist but that it is 
small. This leads to the notion of accept- 
able risk and threshold limit values 
(Hazards Bulletin 7, July 1977) in an 
effort to quantify the argument. In the 
case of asbestos, standards are set at 2 
fibres per cc, which is a factor of ten 
greater than that demanded by the trade 
unions representing the majority of 
workers exposed to asbestos, Our evalu- 
ation of the literature leads us to give 
unqualified support to this very minimal 
trade union demand and we have urged 
trade unions to ban asbestos and get it 
replaced with the numerous safer alter- 
natives that are commercially available 
(The Asbestos Hazard, Birmingham 
Hazards Group. 67 Woodstock Road, 
Birmingham 13). 


A third argument employed when 
faced with an apparent contradiction 


between production and safety is to com- 
pare the risk with other already existing 


dangers. The use of fatal accident 
frequency rates (FAFR) frames this 


approach. According to FAFR statis- 
ties, which ignore occupational disease, 
non-fatal crippling accidents, the effects 
of shift work and other debilitating 
hazards, mining is less hazardous than 
driving a car. Such an argument paints 
a picture of the public as being Irrational 
in opposing one hazard while seeming 
to accept another without protest. The 
Nature leader (19 May) supports this 
argument without recognising that there 
is no mechanism for car drivers to affect 
their hazard directly. The sensation 
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spectorates will be more coordinated, 
and existing and proposed legislation 
will be more in tune. As for the 1974 
HSW Act, the results of that legisla- 
tion can only be judged some years 
from now. Many are in no doubt that 
the Act will be shown to have achieved 
its objective, that is, a safer working 
environment in the UK. LA 


generated by Ralph Nader’s book, Un- 
saje at Any Speed, shows how much 
interest there is in automobile safety and 
at the same time how difficult it is to 
mount a campaign for it. The crucial 
difference between these ‘widely accepted’ 
hazards and hazards at work is that 
people at work have the organisation, 
numbers. and power to effect change. 
The use of this inappropriate comparison 
serves to blunt the force of the basic 
demand for adequate health and safety 
precautionary measures. It is shocking 
to realise that for the vast majority of 
fatal accidents at work the hazard is 
recognised and the safeguards are known 
(Accidents in Factories, HMSO 1971). 

The fourth and most critical argument 
is the claim that adequate protection ts 
simply too costly. Mr Jack Sheppard, 
managing director of Turner and New- 
hall, one of the biggest asbestos fibre 
processing companies in the world, testi- 
fied at the Government Advisory Com- 
mittee on Asbestos that the TUC 
demand of 0.2 fibres per cc would close 
the UK asbestos industry entirely. The 
forced choice between jobs and the en- 
vironment has been one of the most 
effective methods of getting people to 
accept unsafe living and working condi- 
tions. This ean only be fought effectively 
by supporting the health and safety 
struggles in other countries and trying 
to prevent the export of hazardous 
operations to countries with less stringent 
requirements. 

The BSSRS Work Hazards Group dis- 
agrees completely with the management 
approach of protecting the process. 
First, not only do we ask if it is safe; 


we ask, who is it safe for? Present 
industrial safety considerations are 


confined at best to the general public 
and express littl concern for the work- 
force itself. Second, we ask, who pays 
for the cost of safety? Hf government or 
industry decides not to pav, this does not 
mean that the cost vanishes. Far from it. 
The individual affected pays the cost in 
poor health, lost wages and early death. 
This is a shifting of cost, not the saving 
of money. In the Robas Report. accidents 
were estimated to cost the nation 0.8%. 
of the GNP. Third, in our practical work 
with trade unions we support the view 


that no matter how much information 
they may have, there is still a funda- 


mental difference in perspective between 
the worker on the shop floor and the 
requirements of management. 

It is this conflict between those who 
control production and those who need 
safety, between those who assign the 
risks and those who are exposed to them 
that must be acknowledged. There is a 
continuing need for scientists and tech- 
nologists who are prepared to acknowl- 
edge this conflict to help make available 
to working people the information they 
need to ensure their health and safety. 
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Harmony of practice 





The European Science Foundation’s 
general assembly heard of progress 
last week in controlling genetic mani- 
pulation experiments. Chris Sherwell 
reports from Strasbourg 





EUROPEAN initiatives in controlling re- 
combinant DNA research will continue 
in spite of the hiatus reached in the 
United States, where no legislation now 
seems likely in the coming year. The 
pace set by the USA hitherto has 
slowed considerably in recent weeks 
with evidence that the dangers are less 
than at first expected, and the bill in- 
troduced by Senator Kennedy has now 
been withdrawn. 

European efforts, however, though 
largely focused on the subject of legis- 
lation, are not directed at producing 
harmonisation of individual countries’ 
guidelines. The chances of doing this 
are now widely regarded as negligible, 
more because of the work each country 
has put into creating guidelines suited 
to its own circumstances than because 
scientists have differed in their esti- 
mates of what are conjectural risks. 
Moreover, in practice the decisions of 
the European countries’ equivalent to 
GMAG (Britain’s Genetic Manipula- 
tion Advisory Group) have proved to 
be very similar across a broad range 
of experiments, 

The aim now is therefore directed 
at harmonisation of practice in the in- 
dividual countries. The intention is 
that individual representatives of 
national genetic manipulation advisory 
groups should supply lists of sanctioned 
experiments together with the relevant 
containment conditions. Anomalies 
would be discussed, and countries out 
of line would be expected at least to 
reconsider their position. Harmonisa- 
tion would thus consist in concurring 
at regular meetings on decisions al- 
ready taken. 

The meetings, which should now 
take place every six months, are of the 
liaison committee for recombinant 
DNA research of the European 
Science Foundation (ESF). This met 
for the first time on 15 March this 
year, and again on 19-20 September. 
As a result of the first meeting, at 
which various countries’ practices were 
surveyed, a small group of legal experts 
and scientific advisers met on 22 June 
to discuss common elements for 
possible controlling legislation. It con- 
sidered licensing of facilities, consul- 
tation and compliance with controlling 
bodies, and an issue which had tor- 
mented the liaison committee meeting, 


that of patents. 

According to the ESF annual report 
agreed in Strasbourg last week, the 
September meeting supported the legal 
committee’s finding that researchers’ 
interests would be best protected if 
national committees requested infor- 
mation necessary only to assess suitable 
safety precautions. That the subject of 
legal safeguards and patents is a poten- 
tial problem is revealed by the British 
case. Here, GMAG’s dual role as both 
a technical advisory committee and as 
a watchdog for the public interest has 
made winning the confidence of indus- 
trialists, for whom the patents question 
is highly relevant, especially difficult. 

Elsewhere the conflict of interest Im- 
plicit in this dual role is resolved by 
creating a small technical advisory 
committee which looks at individual 
cases in detail and then delivers suit- 
ably edited reports to the full com- 
mittee. It is a solution adopted on the 
European level as well: the ESF liaison 
committee’s technical advice comes 
from EMBO’s standing advisory com- 
mittee on recombinant DNA research, 


which consists solely of molecular 
biologists. 
The September Haison committee 


meeting also agreed on certain general 
points—-that any effective legislation 
should provide for notification to some 
responsible body, and for licensing and 
inspection of facilities by that body. 
The idea that individual projects 
should receive prior approval was not 
unanimously endorsed, but the keeping 
of records and the idea of legislative 
review did receive support. 

The liaison committee also con- 
sidered technical safety issues which 
were the basis of a questionnaire dis- 
tributed on the subject following a 
separate and informal meeting in June. 
The assistance of the EMBO com- 
mittee will be sought on discrepancies 
between decisions of national safety 
committees and the revised NIH guide- 
lines. Other areas of interest include 
the lowering of safety measures where 
the DNA to be cloned is pure, the 
criteria of pathogenicity for purified 
recombinant DNA molecules, the prin- 
ciples and application of biological 
containment, and the safety measures 
needed for recombinant DNA research 
using plant and animal viruses. 

Out of all this a pan-European code 
may or may not emerge. For the 
moment, the objective is practical, And 
it has the useful purpose of serving the 
mutual interests of recombinant DNA 
researchers and of the European 
Science Foundation. = 
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Europe’s danger 


A WARNING about the future of science 
in Europe is contained in the annual 
report of the European Science Foun- 
dation (ESF), endorsed last week in 
Strasbourg at its third general assembly. 
But while the threat has not been 
spelled out quite so cogently before bv 
an international scientfic bodv, the ESF 
announced no comprehensive plan to 
help counter the danger. 

The problem, a product of the mid- 
1970s, was summed up by Sir Brian 
Flowers, re-elected to the ESF presi- 
dency for another three years. If the 
trend of dwindling support for the im- 
portant innovative research done by 
Europe’s small scientific groups con- 
tinued for too long, he told a press 
conference, the progress of science 
would be affected at the point of origin. 
But he confessed: “This subject was 
not discussed very much”. He added 
only that it was “accepted by every- 
body present”. 

Sir Brian went on to list the 
assembly's achievements. Apart from 
moves in the field of recombinant 
DNA (see accompanying story), these 
included the establishment of a com- 
mittee to conduct a feasibility study 
on a svynchroton radiation facility, 
progress of an ad hoc group on tax- 
onomy in the fields of zoology and 
botany, and an elevation in the status 
of ESF committees on the social 
sciences and the humanities. 

Some concern was voiced privately 
last week at the number of ESF com- 
mittees: delegates saw a need for more 
tangible action. At present there ts 
only the European Training Pro- 
gramme for Brain and Behaviour 
Research, which awards grants for 
travel and training, and financial sup- 
port for the mathematics and physics 
research programme of the Institut des 
Hautes Etudes Scientifiques. Nor did 
the ESF make any statement of its 
position on the issue of human rights. 

The ad hoc group to study the 
design, costs and site of a European 
synchrotron radiation facility will be 
headed by Professor Hagedoorn of the 
Netherlands. Its predecessor, under 
Professor Maier-Leibnitz, found that 
research using such radiation sources, 
which is parasitic on high energy 
physics facilities, had reached a stage 
where the lack of control undermined 
progress. The hope is that work will 
start on a European facility in 1980, 
to be ready by 1985. This will be in 
addition to such other European pro- 
jects as CERN, ILL, EMBL, EISCAT. 
JET and the European observatories. 

The decisions concerning the social 
sciences and the humanities add two 
standing committees (the former to be 
chaired by Jean-Jaques Salomon) to the 
two in existence, which embrace the 
science research councils (ESRC) and 
the medical research councils (EMRC). 
But the idea of helping post-doctoral 
students in these two areas through 
fellowships and workshops-—which in 
expanded and broadened form would 
obviously help counter the danger to 
science described in the ESF report— 
met an obstacle over how any such 
scheme would be financed. It proved 
to be the only spark of controversy 
at an otherwise routine gathering. 


Chris Sherwell 
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Werner Gries report from Bonn about 
statistics on research in Germany today 











ACCORDING to a review presented by 
the federal government to the German 
parliament, research expenditure in the 
federal republic amounted to 
DM25,960 million in 1976, 2.3% of the 
gross national product. The total num- 
ber of staff employed in R&D, some 
303,500, has been stagnating for three 
years: the number of persons employed 
in research in the industrial sector has 
actually declined. Expenditure for 1977 
is estimated at DM27,300 million, up 
5.3, on 1976. 

The government’s share of total re- 
search expenditure in Germany is about 
51%, industry’s share about 48%. Some 
60%, of research expenditure is effected 
through government grants in the in- 
dustrial sector, where the state pays an 
average allowance of 20% of industry’s 
own expenditure. This support amoun- 
ted to DM3,000 million in 1976, of 
which DM1,200 million went to defence 
R&D and the rest to civilian R&D. Of 
government expenditure on civilian 
R&D, 72% is handled through the 
federal Ministry of Research and Tech- 
nology. 

In 1975, the latest year for which 
figures are available, 186,200 persons 
were employed in R&D in industry. 
This represents a decline of 6.5% com- 
pared with the peak in 1971 of 200,000 
employees, but the decrease was in the 
number of assistant staff and not of 
research workers themselves. The num- 
ber of research workers rose by 8.8%, 
over 1971-1975, and assistant staffs 
were considerably reduced. The dect- 
sive factor may have been the pressure 
of costs in the German economy. As 
possessors of technical knowledge, re- 
search workers were not dismissed, 
while the work of the assistants was 
increasingly done by highly trained re- 
search workers. 

Industry’s research expenditure ts 
concentrated in a few firms, as evi- 
denced by the fact that 96% of research 
expenditure is effected by firms which 
have more than a thousand employees. 
Government promotion of research in 
industry has also concentrated on those 
firms which have the largest research 
budgets. Only 6.3% of government re- 
search funds in recent years have been 
for the benefit of small and medium- 
sized firms. The promotion of research 
by fiscal means is at present of only 
minor importance in the industrial sec- 
tor, because several tax concessions for 
research were stopped in 1975. The 





Stagnation in industry? 


proportion of funds accruing to firms 
via fiscal promotion of research is 
about 2% of the total research expen- 
diture financed by the firms themselves. 

The distribution of research expen- 
diture among the branches of German 
industry bears examination. Steel con- 
struction, mechanical engineering and 
the motor vehicle industry used 34‘, 
of the total for all firms. These in- 
dustries also received 48% of govern- 
ment research money for industry. The 
number of research personnel in these 
industries declined in the years 1971- 
73, however, from 62,100 to 54,300. 

The electrical engineering, precision 
engineering and optical industries used 
30% of research expenditure by firms. 
They received, on average, government 
allowances of 15% of their own expen- 
diture. Research staffs in these in- 
dustries have increased slightly in 
recent years, but electrical engineering 
experienced a decline from about 
§3,900 in 1971 to 52,700 in 1973. 

The third largest and most research- 
intensive branch of industry in Ger- 
many is the chemical, oil and plastics 
sector. Some 28% of firms’ research 
expenditure is done in this branch of 
industry, and it receives only 2%, of its 
research expenditure from the state. 
Research staffs in the chemical industry 
fell from a peak of 50,400 in 1971 to 
47,400 in 1973. The reduction was not 
in the number of research workers but 
in their assistant staffs. 

Remaining branches of industry use 
only 7% of research expenditure by 
firms. But taken as a whole the figures 
indicate that stagnation in research 
expenditure has set in even in Ger- 
many. In the industrial sector there is 
a real decline in research expenditure 
and a reduction in personnel. It is a 
trend which can be observed in several 
other western industrial countries, €x- 
cept for Japan. 


@ The federal government will dis- 
tribute DM436.3 million for projects 
in non-nuclear energy research in 1978, 
chiefly to build demonstration projects 
in coal refining, district heating and hot 
water supply from solar energy. Funda- 
mental research will be supported in 
coal technology, energy conversion and 
the efficient use of energy. 

Under a special economic pro- 
gramme, a number of prototype plants 
using new energy technology have been 
promoted, notably the use of heat 
pumps in public installations. The 
largest (4.65MW) gas heat pump in the 
world so far started working at Pader- 
born on 21 October 1977. G 
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Brezhnev’s surprise 





Vera Rich reports on Mr Brezhnev's 
jubilee speech for the sixtieth anniyer- 
sary of the October revolution 





Mr BREZHNEV’S jubilee speech followed 
traditional lines for the most part but 
contained two surprises. The most re- 
markable feature of his speech was the 
section on reducing the danger of 
nuclear war. In addition to the well- 
reported commitment to an eventual 
total ban on nuclear weapon tests—to 
include underground as well as atmos- 
pheric, outer-space and underwater 
tests—he stated that the Soviet Union 
was prepared to agree to a moratorium 
on peaceful nuclear explosions (PNE). 

PNE forms an important part in the 
Soviet plans for diverting the Siberian 
rivers southward to irrigate the arid 
steppes of Central Asia. This diversion 
is not entirely dependent on PNE: for 
explosions below 10 megatons, conven- 
tional explosives are more cost-effec- 
tive, except where difficult terrain 
poses special logistic problems. Never- 
theless, a year ago the Soviet media 
began to comment extensively on the 
use of PNE in the project, and it was 
envisaged as a major mark of progress. 
Indeed, so anxious were the Soviet 
authorities to use PNE in the diversion 
project that they were even prepared to 
agree to on-site American inspection. 
Now, however, Mr Brezhnev is appar- 
ently willing to sacrifice the whole 
project as the price of a test-ban treaty, 
and to revert to more conventional 
means of canal-building. 

The other major surprise was the 
figures for this year’s harvest. In spite 
of fervent denials by the foreign ser- 
vices of Moscow radio, Western experts 
had expected a shortfall of some 8 mil- 
lion tonnes. Although Mr Brezhnev 
made no reference to shortfall, the 
total yield of 194 million tonnes means 
that the shortfall from the target is no 
less than 19 million tonnes. Although 
the weather must be largely held re- 
sponsible, it is not surprising that the 
future plans for agriculture stress the 
intensive development of agriculture. 

Other present and future plans out- 
lined in the speech include the opening 
up of Siberia by the Baikal-Amur 
railway, the new plans for developing 
the non-black earth zone, and ‘‘the dis- 
covery of new sources of energy and 
substitutes for many types of natural 
resources, the technical re-equipment 
of the economy to reduce manual and 
especially arduous labour to a mini- 
mum, the boosting of agriculture, the 
combating of disease, and the pro- 


longation of the human life-span”, Q 
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Porton decision due 


A decision on the future of the Micro- 
biological Research Establishment at 
Porton is expected shortly now that the 
Medical Research Council has con- 
sidered the complete report of its 
special advisory committee under Pro- 
fessor Sir Robert Wilhams and trans- 
mitted it to the Secretary of State for 
Education and Science. The Ministry 
of Defence is due to leave the estab- 
lishment by 1 April next year. 

The advisory committee assessed the 
scientific potential of Porton for civ- 
ilian research. The Institute of Biology 
has published its written evidence in 
the latest Biologist, The institute con- 
siders that the pilot fermentation plant, 
enzyme laboratory and containment 
facilities, together with staff and ex- 


Most people think that the only way 
to conserve wild plants and animals ts 
to leave them alone. They imagine 
that the perfect nature reserve is an 
area surrounded by a man-proof 
fence, where natural processes can 
proceed without his baleful influence. 
This is sometimes true. The immense 
national parks in North America, 
areas like the Kruger Park in South 
Africa, and some reserves in the 
less-inhabited parts of Poland and 
Scandinavia require the minimum 
management of their vegetation, 
though even under these favourable 
conditions the larger mammals may 
increase beyond their optimum and 
require control, 

The situation in countries like 
Britain is generally very different. We 
have a few large nature reserves in 
the highlands and islands of Scotland 
where nature can be left to take care 
of itself. Here the main management 
is to control man, including over- 
zealous naturalists who wish to collect 
rarities, and over-enthusiastic ecolo- 
gists whose scientific sampling may 
destroy the vegetation. But even the 
most ‘natural’ area has probably been 
modified by human activity, perhaps 
by eliminating wolves and other pred- 
ators, which allow deer to increase 
to numbers which ruin the vegetation 
unless they are severely culled. 

In most areas man has reduced the 
tree cover and so encouraged the 
development of moorland vegetation. 
The conservationists, many of whom 
believe they are preserving natural 
conditions, oppose any move by 
farmers to restore the fertility des- 
troyed by the agricultural techniques 
of our iron age ancestors. They pro- 
duced the present beautiful—but semi- 
desert—landscape of. for instance. 
Exmoor. 


pertise, should be retained, developed 
and exploited rather than dissipated 
and dispersed. 


Nuffield’s good turn 


The Nuffield Foundation has decided 
to help UK scientific and medical re- 
search, by supporting projects which 
would normally receive research coun- 
cil’ money but which might go un- 
funded. It means a temporary change 
of policy for the Foundation, which 
was Set up to support research leading 
to social benefit for which there is no 
ready source of public money. The 
Trustees have already allocated funds 
amounting to about £60,000 for re- 
search wihch they normally would not 
consider. The level of support is èx- 
pected to Increase next year. 


Nevertheless, in many parts of 
Britain the native vegetation may 
develop if it gets the chance. The 
famous Broadbalk Wilderness at 


Rothamsted Experimental Station was 
a wheat field until it was enclosed and 
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left alone over a hundred years ago. 
Soon shrubs and trees appeared. and it 
is now a small wood of oak. ash and 
other indigenous species. At Monks 
Wood in Huntingdonshire we started 
a similar experiment on a larger 
scale in 1960, by leaving the ten acre 
Stocking Close field, an area which 
had been arable for centuries, un- 
cultivated. Within seven years it was 
covered with a scrubby growth of 
hawthorn and dog rose, with a 
scattering of oak of up to 100 saplings 
per acre. It was clearly on the way 
back to something very like the 
natural deciduous woodland which 
covered southern Britain before man 
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In 1976, of the £1.67 million income 
(up almost 25%), £1.16 million was 
spent on support for research. Only 
£50,000 of that went on scientific re- 
search, however, and £70.00 on medi- 
cal research. The latest annual report 
says one reason for the small demand 
on Foundation resources may have 
been that researchers assumed funds 
were low after the Foundation sold its 
shares in British Leyland. 


NASA reorganisation 

A reorganisation of NASA by its 
administrator, Robert Frosch, includes 
a revised role and title of chief scien- 
tist, who will advise on the agency’s 
“total programme from the standpoint 
of scientific objectives’. The change 
takes effect this week. 


cleared it for his farms. 

However, such natural regeneration 
may be thwarted by some of the 
exotic species man has introduced to 
Britain. When we began the Stocking 
Close experiment, rabbits were very 
scarce following the spread of myxo- 
matosis in 1955. Today rabbits are 
common again, and though acorns 
are still scattered around the country- 
side by jays, pigeons and small 
mammals, many seedlings are 
destroyed. In some parts of the 
country the aggressive imported 
sycamore prevents native tree species 
from becoming dominant. and so 
Management is needed to produce 
natural forest. 

Things may be even worse in other 
countries, particularly in oceanic 
islands. In Mauritius, for instance, 
conservation is a nightmare. Man has 
been there for under 500 years, and in 
any numbers for 200, but he has left 
little of the unique indigenous flora 
and fauna. Though he has exter- 
minated birds like the dodo, and 
removed most of the natural vegeta- 
tion to grow sugar cane. it is his 
introductions, plants and animals, 
which provide the worst problems 
today. Where small relict areas of 
indigenous trees are preserved. they 
are swamped with the rampant growth 
of guave and bramble (introduced 


species) producing impenetrable 
thickets which defy control. The 
introduced monkeys delight in 


destroying the nests of the rarest 
birds, and mongooses in killing the 
most interesting mammals and rep- 
tiles. Thus conservation may provide 
the most difficult management prob- 
lems not in developed areas where 
man is obviously dominant. but in an 
oceanic paradise where nature might 
be expected to control the situation. 
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What is unusual? 


SiR, —in Sakurai’s interesting discussion 
of the relation between equatorial solar 
rotation and climatic changes (29 Sep- 
tember, page 401), a rather unfortunate 
choice of terminology is used in re- 
ferring to “the Earth’s present unusual 
climatic conditions”. Unusual by what 
standard? The best evidence of avail- 
able data covering the past 1,000 years 
or so suggests that the period roughly 
from the 1920s to the 1960s was the 
most unusual 50-year period of the 
entire millennium, in climatic terms, at 
least for northwest Europe (H. H. 
Lamb, Climate: Present Past and 
Future, vol 2 (Methuen, 1977)). Studies 
such as that of Eddy (Scient. Am, 230, 
80-92, 1977) indicate that this was also 
an unusual period in sunspot terms, 
with very high peak sunspot numbers, 
in line with the general conclusions of 
Sakurai, Volland (28 September, page 
400) and others. 

The possibility of a return of climate 
towards nineteenth century conditions 
should not be regarded as ‘unusual’ 
climate except on the scale of a human 
lifetime: the unfortunate coincidence 
that an explosive growth of population 
and demand for food has happened 
over just that time makes it all the 
more important for us to develop an 
understanding of what really is 
‘normal’ in climatic terms, and I 
would therefore urge Sakurai and 
other workers in this field to avoid 
misleading use of emotive terms such 
as “unusual”. If the relevant sentence 
is rephrased to say “variation of the 
equatorial rotation speed may be 
responsible for the recent unusual 
climatic conditions on Earth, now re- 
turning to the normal conditions of 
recent centuries” the implications of 
the change for the activities of man- 
kind are much more clearly apparent. 

JOHN GRIBBIN 
Science Policy Research Unit, 
University of Sussex, UK 


Missions to Halley’s comet 

Sir,—The informative article by David 
Hughes (11 August, page 468) con- 
cerning the proposed fly-by and 
rendezvous missions to  Halley’s 
Comet was, unfortunately, less than 
fair to the achievements of those who 
have been striving to perfect various 
space electric propulsion techniques. 


In particular, his description of ion 
drive and = solar-sail propulsion as 
m _ two mechanisms (that) are still 
at the theoretical stage...” is certainly 
far from true of dion propulsion 
systems. 

Several laboratories in the USA and 
in Europe have devoted many years of 
effort to developing ion thrusters of 
different kinds. The electron bombard- 
ment ionisation type, originally de- 
vised by Kaufman, has emerged as firm 
favourite, at least in the USA and the 
UK. and several versions are now ready 
for space qualification, These include 
the 10cm diameter, 10mN thrust T5 
device developed by the Royal Aircraft 
Establishment, with assistance from 
the UKAEA Culham Laboratory and 
British industry, and two thrusters of 
8 and 30cm diameter, produced by 
Hughes Research Laboratories under 
a programme directed by the NASA 
Lewis Research Center. 

The highly-efficient 30 cm thruster is 
particularly well-suited to cometary 
rendezvous missions. Its thrust of about 
130mN is appropriate to a multiple 
thruster, modular propulsion unit con- 
cept, with power being derived from 
solar arrays. This principle readily 
allows a wide range of throttling to 
match the available power as the 
distance of the spacecraft from the 
sun varies. 

The application of this thruster to 
cometary missions has already been 
studied in great depth, particularly 
with regard to Comet Encke, and 
detailed designs have been produced of 
the necessary flight systems. 

It should also be pointed out that, 
far from being “at the theoretical 
stage”, two Kaufman-type ion thrusters 
were flown experimentally as early as 
1970. They then operated successfully 
for 3,763 h and 2,011 h. In 1976, one 
was still capable of being run under 
its design conditions, whilst the other 
exhibited a single fault. 

D. G. FEARN 
Space Department, 
Royal Aircraft Establishment, 
Farnborough, UK 


Engineers’ salaries 


Sir.—In your editorial “Room at the 
top—for whom?’ (22 September, page 
275). vou quoted, from our report to 
the British Association Coordinating 
Group, some figures concerning salaries 
of engineers compared to other pro- 


fessional groups in manufacturing in- 
dustry. The inference you draw, that 
salaries in production industry “ 
discriminate against the scientist and 
engineer ’, is exactly what the 
graphs of median age/earnings profiles 
appear to show, but the point we 
wished to bring out was that this in- 
ference is not justified. 

The graphs were of median and 
upper quartile salaries by age for all 
the professional staff (22,400) in a 
number of leading companies. Within 
this total, there were 7,386 engineers 
compared to 607 chartered account- 
ants and only 141 lawyers, and we were 
careful to give the number in each 
professional group. Chartered account- 
ants are trained, and in general gain 
their early experience, outside industry. 
A limited number are recruited by in- 
dustry for functions which of their 
nature are mainly concerned with 
matters at or close to Board level. By 
contrast, as we show elsewhere in the 
report, the majority of graduate 
engineers initially go into industry, and 
industry also has an overwhelming 
stake in those who qualify via HNC/ 
HND and institution membership. They 
are employed in a wide range of jobs, 
from basic technical work to Board 
level. 

Therefore, if industry succeeds in 
its normal job evaluation objective, to 
pay comparable salaries for compar- 
able jobs. small groups of professionals 
selectively employed by industry will 
show higher median or upper quartile 
age/earnings profiles than a large group 
of professionals generally employed. It 
is tempting to believe that upper 
quartile, and in particular upper 
decile, graphs will show a fair com- 
parison, but unless the samples are 
carefully matched in each age group 
this is not 80. 

Using exactly the same salary data, 
we went on to look at the number in 
each professional group earning salaries 
on or above £10,000 a year. This is 
one way for the companies in the 
survey, of answering your headline 
question “Room at the top—for 
whom?”. The 749 engineers enjoying 
these salaries represented only 10.1% 
of their group, but they outnumbered 
the accountants, lawyers, economists 
and arts graduates put together. 

VINCENT EDKINS 
The University of Aston 
in Birmingham, UK 
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Tubulin assembly 


from L. A. Amos 


THe factors controlling the assembly 
of tubulin into microtubules are still 
under intensive study, although it is 
now five years since Weisenberg 
(Science 177, 1104; 1972) first found 
conditions in which microtubules would 
assemble from a brain protein extract 
at 37 °C and disassemble on cooling to 
5 °C. Microtubule protein purified by 
several cycles of assembly and dis- 
assembly does not consist only of tubu- 
lin: a number of so-called microtubule- 
associated proteins are observed to 
copurify with tubulin, most of whose 
functions are as yet unknown. 

In 1975, it was reported that tubulin 
purified by ion exchange chromato- 
graphy would not reassemble under 
Weisenberg’s conditions, unless at least 
some of the associated proteins were 
returned to the mixture (Weingarten, 
et al, Proc. natn. Acad. Sci. U.S.A. 72, 
1858; 1975; Murphy & Borisy Proc. 
natn. Acad. Sci. U.S.A. 72, 2696; 1975). 
The accessory factors in the extract 
were shown to be protein and seemed 
to act stoichiometrically rather than 
catalytically in stimulating tubulin 
assembly. Much of the controversy 
since has arisen because of the con- 
siderable variation in non-tubulin com- 
ponents of microtubule protein purified 
in slightly different conditions in dif- 
ferent laboratories. In many cases, the 
most prominent components appear on 
SDS polyacrylamide gels as a small 
group of bands corresponding to un- 
usually high molecular weights (of the 
order of 300,000 daltons) which have 
been called HMW (Borisy er al, Fedn. 
Proc. 33, 167; 1974). Other less pro- 
minent bands are observed between 
55,000 and 80,000 daltons. Borisy et al. 
found HMW in stoichiometric amounts 
in their preparations, corresponding to 
one HMW molecule per 10-15 tubulin 
dimers, but much lower proportions of 
HMW to tubulin have been reported. 
The positions and intensities of the 
other non-tubulin bands seem also to 
vary. In preparations from Kirschner’s 
laboratory, HMW is found only as a 
minor component. He therefore sug- 
gested that the assembly-stimulating 


L. A. Amos is at the MRC Laboratory of 


Molecular Biology, Cambridge. 


factor, which he named ‘tau’ was one 
of the lower molecular weight proteins. 

Recent papers by Murphy et dl. 
(Biochemistry 16, 2598; 1977) and 
Cleveland et al. (J. molec. biol. 116, 
207: 1977) both describe the fractiona- 
tion of the associated proteins into 
HMW and tau components. Although 
the two groups used quite different 
methods of chromatography to effect 
the separation, the results are in good 
agreement. Both found the activity 
present in both major fractions. 
Murphy ef al. ascribe 60%, of the 
activity to HMW and 40% to the tau 
fraction. Cleveland et al. found a third 
of the original activity in their tau 
fraction, the remainder presumably 
being in the HMW fraction, which in 
their preparations also included some 
very low molecular weight material. 

Cleveland et al. have gone on to 
purify further the active proteins in the 
tau fraction and have identified a 
family of four polypeptides with mole- 
cular weights between 55,000 and 
62,000 which they name tau I-IV. In 
an accompanying paper (J. molec. Biol. 
116, 227; 1977) these proteins are 
characterised in some detail and are 
shown to have some interesting pro- 
perties, including the ability to retain 
their activity after being heated to 
75°C for Ih. By comparison, the 
activity in the HMW fraction is much 
less stable. Although the tau molecules 
seem to be highly extended, the amino 
acid compositions (including relatively 
high proportions of glycine and proline) 
and circular dichroism measurements 
suggest a low content (12°) of a-helix. 
Finally, their overall charge is neutral 
or only slightly basic. 

The latter property is rather sur- 
prising in view of the assembly facilita- 
ting activity shown by various unrelated 
polycationic substances, such as poly- 
L-lysine, DEAE dextran and RNase A 
(see Erickson & Voter Proc. natn. 
Acad. Sci. U.S.A. 73, 2813: 1976), 
although the polymers formed in such 
cases are not usually normal micro- 
tubules. It has also been shown recently 
(Herzog & Weber Proc. natn. Acad. 
Sci. U.S.A. 74, 1860; 1977) that pure 
tubulin can be induced to assemble 
into microtubules simply by the addi- 


tion of 10 mM MgCl. to Weisenberg’s 
buffer. However the critical tubulin 
concentration is 10 times as high (2.5 
mg ml~') as in the presence of associ- 
ated proteins and the resulting micro- 
tubules are considerably less stable. As 
Cleveland ef al. point out, the role of 
the accessory proteins in assembly 
seems to be to shift the equilibrium for 
an interaction which is unfavourable 
under normal conditions. The manner 
in which this is achieved does not seem 
to be simply a matter of counter- 
balancing charges on the tubulin mole- 
cules. 

The possible relationship between 
tau and HMW is likely to be debated 
for some time. When it was discovered 
that HMW is readily proteolysed, even 
during storage of the purified protein, 
Sloboda et al. (Biochemistry 18, 4497; 
1976) suggested that tau might consist 
of proteolysed fragments of HMW. 
From comparisons of amino acid com- 
position and one-dimensional peptide 
mapping, Cleveland er al. conclude that 
tau I-IV are closely related to each 
other but not to the HMW material in 
their preparations. However, the results 
presented so far may not be sufficient 
to convince everyone; since a tau mole- 
cule derived from a specific region of 
HMW would correspond to only 20% 
of the original molecule, such a rela- 
tionship would not necessarily be 
obvious from the present experiments. 

One of the more interesting cases of 
abnormal assembly of tubulin is the 
formation, from unfractionated micro- 
tubule protein, of extended sheets, 
induced by low levels (0.25~1.0mM) of 
zinc, This effect was first reported by 
Larsson et al. (Expl Cell Res. 100, 104; 
1976). The sheets offer an opportunity 
of observing the structure of an ex- 
tended crystalline array of tubulin 
molecules by electron microscopy and 
applying image analysis techniques, in- 
cluding optical diffraction and com- 
puterised image reconstruction. Crepeau 
et al. (J. molec. Biol. 116, 301; 1977) 
have carried out some preliminary 
studies in this direction, and have com- 
pared the structures of Zn-induced 
sheets and the smaller tubulin sheets 
formed under normal buffer conditions 
during microtubule assembly. In the 
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Zn-induced sheets, the relative arrange- 
ment of tubulin protofilaments appears 
to be different from that in the 
‘normal’ sheets and in microtubules, 
but the protofilaments seem to be 
essentially the same. 

The results show the structure in 
more detail than has been observed 
before, although the present resolution 
is still only about 20A. Some prelimi- 
nary studies on unstained sheets suggest 
that it may be possible eventually to 
achieve the sort of high resolution 
results obtained by Henderson and 
Unwin in their study by electron 
microscopy of the purple membrane 
from Halobacterium (Nature 257, 28; 
1975). a 


Primate social 
structure and ecology 


from John Krebs 


Gissons (Hylobates spp.) live in pairs 
and defend a territory of less than 
1 square kilometre; baboons (Papio 
spp.) wander over an undefended 
home range of {5-20 square 
kilometres in polygamous or promiscu- 
ous groups of about 40 individuals. 
These contrasts in group size, home 
range, mating system and so on are 
typical of the bewildering array of 
social organisations in primates, and 
one of the major aims of primate 
ethologists over the past 15 years or so 
has been to seek regular patterns in the 
differences between species. 

J. H. Crook and J. S. Gartlan 
(Nature 210, 1200; 1966) made the first 
serious attempt to link primate social 
structure with a small number of eco- 
logical variables such as food disper- 
sion and pressure from predators. They 
noted, to take just one example, that 
ground-living primates such as baboons 
live in larger groups than their 
arboreal relatives and suggested that 
this could be an antipredator adapta- 
tion, terrestrial monkeys being more 
exposed to predators and hence 
benefiting more from communal 
defence in a large group. Crook and 
Gartlan clearly had the right approach, 
but their attempt to classify primate 
societies into about half a dozen eco- 
logical categories foundered because 
as more field evidence came to hand, 
too many exceptions to their rules 
emerged. This led to two modifications 
of the original approach. Some argued 
that Crook and Gartlan were wrong 
to assume that primate social organisa- 
tion is always adapted to present day 
conditions, and that phylogenetic heri- 
John Krebs is a lecturer in Zoology at the 
Edward Grey Institute of Field Orni- 
thology, University of Oxford. 
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Nitrogen diffusion in diamond 


from John Walker 


Tue results on conversion of diamonds 
from type Ib to type la which are re- 
ported in this issue of Nature by 
Chrenko, Tuft and Strong (page 141) 
have important implications for 
diamond physics and for synthesis of 
gemstones. 

The Platonically ideal diamond is 
composed only of carbon. Real 
diamonds, however, contain im- 
purities, and paradoxically, the large, 
regularly shaped and apparently per- 
fect gemstones are usually the most 
impure. (This effect is well-known to 
crystal-growers—impurities affect the 
shape of many types of crystal.) In 
diamond the most important impurity 
is nitrogen. A diamond is classified 
as type I if it is appreciably impure, 
and as type Il if it is relatively 
nitrogen-free. The nitrogen may be 
present as isolated individual atoms 
(type [b), giving the diamond a yellow 
colour, a paramagnetic resonance 
signal and a characteristic infrared 
absorption; or it may be in aggre- 
gates, especially pairs (type Ta), re- 
sulting in no paramagnetism, no 
visible colour and a different infrared 
spectrum. This type-classification is 
qualitative, and diamonds of mixed 
type are often found, but it is useful 
nonetheless. 

The vast majority of natural 
diamonds are type Ia, but synthetic 
crystals are usually type Ib. Nobody 
knows why for sure; a plausible 
hypothesis is that some natural 
diamonds at least, started life as type 
Ib, and were subsequently trans- 
formed to the la type. 

Diamond is the metastable form of 
carbon at normal temperature and 
pressure. It is stable, and so can be 
synthesised, at higher temperature 
and pressure. The hypothesis is that, 
in some conditions, although nitrogen 
can be incorporated into the growing 
crystal, it is immobile; subsequent 
higher temperatures or lower pres- 


tage plays a strong role (Struhsaker 
Folia Primat. 11, 80; 1969) while 
others proposed that Crook and 
Gartlan were in principle right, but 
that the differences in ecological 
pressures had to be analysed on a 
much finer scale (Clutton-Brock 
Nature 250, 539; 1974), and further 
that the same ecological pressure may 
lead to different solutions. 

In an important new review, T. H. 
Clutton-Brock and P. H. Harvey 
J. Zool. Lond. 183, 1; 1977) have 
greatly extended and updated Crook 


sures allow it to become mobile and 
diffuse through the carbon lattice 
until it can aggregate with other 
nitrogen atoms. Chrenko er al. report 
that after annealing at 2,000K and 
60,000 atmospheres for 30 min the 
type Ib diamonds had become appreci- 
ably paler yellow in colour, due to 


reduction of their characteristic 
visible absorption, and that their 
paramagnetism was weaker. The 


infrared spectrum had changed from 
typical type Ib to mixed Ia and Ib, 
and the N3 ultraviolet absorption 
system (thought to be an aggregate 
of three nitrogen atoms) could be 
detected. The total nitrogen con- 
centration remained constant--a use- 
ful consistency check. 

What is the significance of these 
results? First, they tell us more about 
how nitrogen behaves in diamond; 
and they may help us to understand 
other defects, especially the ‘plate- 
lets'-—laminar defects on {100} planes 
which have intrigued and puzzled 
diamond physicists for 40 years. 
Second, they indicate a method of 
turning yellow synthetic diamonds 
into ‘water-white’ ones, thus en- 
hancing their value as gemstones. 
Third, they tell us more about the 
synthesis process, which may lead to 
the commercial synthesis of large 
gem-quality diamonds. (At present, 
although tons of synthetic diamonds 
are produced annually, they are suit- 
able only for industrial applications 
it is actually cheaper to dig the 
gemstones out of the ground than it 
is to synthesise them.) Finally, the 
results may have implications for the 
conditions prevailing in the Earth's 
mantle that led to the natural syn- 
thesis of diamonds. As Sir Charles 
Frank put it, ‘Nakaya has written a 
poem in which he says, “A snowflake 
is a letter to us from the sky.” A 
diamond is a letter to us from the 
depths, and a letter more worth read- 
ing because we can visit the sky.’ 


and Gartlan’s original approach. They 
have classified all the primate species 
for which they could find data into 
nocturnal or diurnal, arboreal or 
terrestrial, and insectivorous, frugi- 
vorous or folivorous. They then did a 
quantitative statistical analysis to look 
for consistent differences between 
these ecological categories in features 
such as group size, home range, sex 
ratio and body weight. The main 
trends to emerge from their analyses 
were that nocturnal primates which 
are all arboreal and mainly eat either 
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fruit or insects, are small, live in small 
groups and have small home ranges; 
both diurnal and nocturnal fruit 
eaters have large bodies, and live 
in larger groups and home ranges 
than leaf eaters; and finally, diurnal 
terrestrial primates live in larger 
groups and ranges and have more 
marked sexual dimorphism than do 
diurnal arboreal species, 

How are these general trends re- 
lated to ecological needs such as food 
gathering and avoiding predators? 
Clutton-Brock and Harvey suggest that 
the nocturnal species have to have a 
small body because they feed by crawl- 
ing on to small branches, and they rely 
on crypsis to escape from predators. 
At the other extreme, conspicuous 
terrestrial monkeys living in open habi- 
tats have evolved large body size partly 
as an antipredator device, and partly 
to allow them enough mobility to 
search over a wide area for scattered 
food. Although Clutton-Brock and 
Harvey agree with Crook and Gart- 
lan’s idea that large groups in terres- 
trial primates may be an antipredator 
adaptation, they also point out that 
there are large differences in group 
size within both the arboreal and 
terrestrial categories. They propose 
that larger groups are always advan- 
tageous in diurnal primates, perhaps as 
an antipredator device, but that 
competition for food sets an upper 
limit to group size, so. that species 
feeding on large clumps of food can 
afford to live in larger groups than 
those eating more evenly scattered 
food. A comparison of two types of 
Colobus monkey, one of which eats 
fruit, flowers and shoots (highly 
clumped food), and the other which 
eats leaves of all ages (less clumped) 
supports the idea: the former live in 
larger groups. 

Home range size is obviously closely 
related to group size and is probably 
determined both by the minimum area 
needed to support the group, and by 
the density and dispersion of food. 
Species feeding on evenly dispersed, 
fairly dense food supplies have small, 
often defended home ranges, while 
those eating widely scattered clumps of 
food tend to have large undefended 
ranges, for obvious economic reasons. 

So far, the differences in social 
Structure seem to be well explained by 
straightforward ecological pressures, 
but it is not so easy to account for the 
variations in mating system and adult 
sex ratio. Monogamy is very rare in 
primates, and it must presumably have 
evolved only when a male significantly 
increases his output of young by help- 
ing the female (for example, monog- 
amous marmosets have twins and the 
male helps to carry them), or because 
the male cannot secure more than one 


mate. (This may seem an unduly 
chauvinistic view, but the sad fact is 
that female mammals as a whole have 
little choice about who does the 
parental care.) The second of these 
possibilities may account for monog- 
amy in species such as the gibbon in 
which the even distribution of food 
favours territorial defence, and males 
may be unable to defend enough food 
to support more than one wife. The 
majority of primates breed in harem 
or multimale groups, and the 
ecological factors favouring one sys- 
tem over the other (and the general 
bias of adult sex ratio towards females) 
are not at all clear. It is, however, 
apparent that strong sexual dimor- 
phism ($: ¥ weight ratio) is related 
to the degree of bias in the sex ratio 
and to polygamous or promiscuous 
mating. This suggests that sexual 
dimorphism in primates has evolved 
when males compete for the chance 
to mate. 

Clutton-Brock’s and Harvey's re- 
view emphasises the fact that it is 
possible to account for many of the 
differences in primate social structure 
by pressures associated with detailed 
dispersion of food and vulnerability to 
predators. It also reveals that the 
various dimensions of social organis- 
ation, such as group size, sex ratio and 
sO on, may be influenced by different 
ecological factors and should there- 
fore be analysed separately. One of the 
next steps will be to see to what extent 
variations within a species in different 
habitats can be used to test the ideas 
generated by interspecies comparisons. 


Biochemical 
oscillators 


from N, MacDonald 


OSCILLATORY phenomena in organisms, 
with periods of seconds or minutes, are 
known in great variety. The most 
obvious example is the heart pace- 
maker oscillation in the membrane 
potential of the sino-atrial node. Oscil- 
latory membrane potentials also occur 
in neurones, in cells secreting hor- 
mones, and in smooth muscle. The 
interpretation of such phenomena in 
terms of underlying oscillatory bio- 
chemical reactions presents a challenge 
to both experimentalists and mathe- 
maticians, Identification of the steps in 
a feedback loop is not sufficient, unless 
the likelihood of instability of the 
steady state is established. Formidable 
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difficulties arise from the nonlinear 
dynamics of enzyme-catalysed reac- 
tions, from the length of the chains of 
reactions in feedback loops, and from 
the linking of these loops in complex 
networks. 

In seeking to reduce networks of 
reaction equations to manageable pro- 
portions one relies heavily on the fact 
that the time scales for biochemical 
reactions vary widely. Retaining for 
detailed study those reactions with 
relaxation times rather smaller than the 
period of the oscillation, the other 
reactions may be subsumed into 
parameters. Particular interest then 
attaches to the values of these para- 
meters at which qualitative changes 
occur in the nature of the solutions of 
the equations retained. In mathemat- 
ical terms, this is the field of bifurca- 
tion theory. Alternatively one may 
retain more equations, but classify 
them into fast and slow sets. Then it is 
necessary to explore situations in which 
smooth changes in the slow dynamics 
lead to qualitative changes in the 
nature of the fast dynamics. This is 
the field of catastrophe theory, as dis- 
cussed in this context in the recent 
review by Heinrich, Rapaport and 
Rapaport (Prog. Biophys. molec. Biol. 
32, 1; 1977). 

Both the review by Heinrich er al. 
and that by Goldbeter and Nicolis 
(Prog. theor. Biol. 4, 66; 1976) are 
largely concerned with detailed models 
of oscillations in the glycolytic path- 
way. Here direct evidence of period- 
icity in the concentrations of chemical 
species is avilable, and a great deal of 
work has been done in constructing 
and testing models. The models 
examined in these reviews stress the 
activation and inhibition of the enzyme 
phosphofructokinase by one or more 
of the adenosine phosphates AMP, 
ADP and ATP. 

Much progress has been made 
recently in the mathematical analysis 
of the single loop, end-product in- 
hibited reaction sequence advocated by 
Goodwin (Ady. in Enzyme Regulation 
3, 425; 1965) as a paradigm for a bio- 
chemical oscillator. One highlight in 
this is the theorem of Hastings, Tyson 
and Webster (J. Differential Equations 
25, 39: 1977) which is applicable to a 
wide class of such loops, and allows 
nonlinearity in all the equations. This 
theorem states that instability of the 
steady state solution is a sufficient con- 
dition for the existence of at least one 
periodic solution, although unfortu- 
nately this solution need not be stable. 
Another highlight is the systematic 
application of approximate methods by 
Rapp and Mees (Math. Biosciences 25, 
165; 1975: J. math. Biol. 3, 203: 1976 
and in the press) to estimate periods 
and amplitudes of these solutions. 
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Factors tending to promote instability 
of the equilibrium point, and the onset 
of the attendant oscillations, are of 
three kinds. Strong nonlinearities, such 
as can be expected with allosteric 
enzymes, help. So do the presence of 
a large number of successive reactions 
in a loop, and the similarity of the time 
scales of all these reactions. These two 
factors go together, since widely 
different time scales allow some of the 
reactions effectively to be ignored. 
There is still a wide gap between the 
appealing idea of the end-product in- 
hibited oscillating loop, now put on a 
firm mathematical basis, and the pre- 
sentation of a fully worked out and 
experimentally testable scheme, pos- 
sessing these factors, for some specific 
oscillator. End-product inhibition is 
rife in cell chemistry, but this can be 
understood solely in terms of advant- 
ageous properties of steady states. In 
a well-defined sense (Savageau Bio- 
chemical Systems Analysis, Addison 
Wesley, 1976) these states have mini- 
mal, which implies optimal, sensitivity 
to parameter change. 

A bold attempt has recently been 
made by Rapp and Berridge (J. theor. 
Biol. 66, 497; 1977) to implicate, in a 
wide range of oscillations, end-product 
inhibited loops involving the binding 


of calcium ions. They propose two 
different styles of loop, involving 


calcium in conjunction with cyclic 
AMP. In the first an increase of cyclic 
AMP causes an increase in cytoplasmic 
calcium, either by promoting calcium 
entry through the cell membrane, or 
by causing a shift in cell calcium from 
a bound state to the cytoplasm. Cyto- 
plasmic calcium on the other hand is 
taken to inhibit the synthesis of cyclic 
AMP, acting through the inhibition of 
the allosteric enzyme adenyl cyclase. 
The alternative loop reverses the acti- 
vating and inhibiting roles of cyclic 
AMP and calcium. 

Sustained oscillations have been 
observed in the transepithelial potential 
of the salivary gland of the blowfly 
Calliphora. Rapp and Berridge cite 
evidence that here cyclic AMP can 
release calcium from some intracellular 
store, and that this store may be in 
mitochondria. They also cite evidence 
that calcium can inhibit cyclic AMP 
synthesis in this gland, and that this 
may be by inhibition of adenyl cyclase, 
for which there is evidence in certain 
cells of a variety of organisms. On the 
other hand, they argue that the second 
kind of loop may be responsible for 
the perodic contractions of smooth 
muscle, They also examine cardiac 
pacemaker oscillations, membrane 
potential oscillations in cells producing 
insulin, and signalling in the slime 
mould Dictyostelium. 

In all these contexts their evidence is 





cumulative, seeking to implicate cal- 
cium as significant in contexts in which 
oscillations occur rather than propos- 
ing detailed dynamics. It is a somewhat 
daunting thought that each context may 
require a similar amount of effort to 
that devoted to glycolytic oscillations 
over the years. But the work of Rapp 
and Berridge should focus critical 
attention on a particular set of possible 
common mechanisms for a variety of 
periodic phenomena. CJ 


Acceleration of 
auroral particles 


from Alan Johnstone 


AURORAL electrons are accelerated into 
the upper atmosphere by electric fields 
parallel to the magnetic field lines with 
the total potential difference some- 
times exceeding 10kV. The fact that 
the acceleration is caused by a quasi- 
static electric field, and the magnitude 
of the potential difference can be 
deduced from measurements of the 
angular and energy distributions of the 
precipitating electrons. The electric 
field increases the electrons’ velocity 
parallel to the magnetic field leaving 
the perpendicular component un- 
changed. This creates an angular distri- 
bution which peaks in the downward 
direction parallel to the magnetic field. 
This contrasts with the angular distri- 
bution of the source population of 
trapped electrons which usually has a 
minimum along the field. All electrons 
are given the same increase in energy 
(e times the potential drop) so that 
any observed at lower energies must 
have been either backscattered from the 
atmosphere and then reflected from the 
potential, or scattered out of the beam 
by wave-particle interactions. As 
there are fewer of these electrons the 
energy spectrum develops a peak close 
to the energy corresponding to the 
potential differences. Sounding rockets 
and satellites have found that such 
electron distributtons are common 
above auroral arcs. The acceleration 
is found to be greater in the centre of 
the arc than on the northern and 
southern borders implying that the 
equipotential surfaces in a meridional 
slice above the are are V-shaped as in 
Fig. 1. 

The accelerated electrons have been 
detected at altitudes up to 1,500km 
and ions accelerated in the opposite 
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direction have been detected by Geo- 
stationary satellites near the equator, 
but the altitude where the particles 
were accelerated could not be located 
until the S3-3 satellite was put into an 
elliptical polar orbit with apogee at 
8.050km and perigee at 260km in 
1976. In a year of operation it has 
traversed the auroral zone at all alti- 
tudes between these extremes. Convinc- 
ing evidence from this satellite that 
particles are usually accelerated some- 
where in the range between 2,000 km 
and 7,000 km was one of the highlights 
of the recent [AGA meeting in 
Seattle. P. Mizera and J. Fennell 
(Aerospace Corp.) showed examples of 
upward-moving, magnetic-field-aligned 
ion beams accelerated below the 
satellite by several kiloelectron volts 
detected simultaneously with down- 
ward-moving electron beams acceler- 
ated by comparable amounts above the 
satellite (Fig. 2), This is a clear indica- 
tion that the satellite is in the middle 
of the acceleration region. The ion 
beams include both O* and H* ions 
(Shelley et al. Geophys, Res. Lett. 3, 
654: 1977), confirming that they origin- 
ate in the low-altitude ionosphere. The 
probability of observing an accelerated 
ion beam in a traversal of the auroral 
oval is as high as 95% at altitudes 
above 7,000km and less than 5% 
below 2,000 km. What the data do not 
tell us is how the electric field is 


Fig. 1 A schematic diagram of the 
equipotential contours above an 
auroral arc. The innermost contours 
are negative so that electrons are 
accelerated downward parallel to the 
magnetic field B into the auroral 
ionosphere (Swift et al. J. geophys. 
Res. 81, 3931; 1976). 


auroral 
} ionosphere 
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distributed in this height range. It 
could all be confined within a narrow 
layer, as some theories require, or it 
could be distributed evenly over the 
entire length. If the layers are thin 
then at least two must exist on the 
same field line in order to give the 
simultaneous observation of upward 
accelerated ions and downward acceler- 
ated electrons. F. Mozer (Berkeley) 
presented measurements of the am- 
bient electric field from the same 
satellite (see also Phys. Rev. Lett. 38, 
292; 1977). The magnitude of the 
electric field. in structures which he 
termed ‘paired electrostatic shocks’, 
was more than 0.5 V m` perpendi- 
cular to the magnetic field with a 
smaller parallel component. This is far 
greater than the field strengths found 
below 1,000 km. The structure in the 
paired electrostatic shock is just the 
same as would be found traversing the 
V-shaped potential of Fig. 1 and the 
potential difference between the centre 
and the edges can reach several kilo- 
volts if it is treated as a purely spatial 
variation. The accelerated ion beams 
and paired electrostatic shocks are 
found in the same region but the 
detailed correlation is not close. The 
ions spread over a region more than 
five times the thickness of a typical 
electric field structure. If they were 
accelerated upward by a V-shaped 
potential distribution beneath observed 
electrostatic shocks they would only be 
found in the centre of the structure 
itself. The detailed comparison of the 
electric field and particle observations 
is still at an early stage. The results of 
analysis now underway will be inter- 
esting and significant. 

These data do not discriminate 
between the various proposed physical 
mechanisms which could be maintain- 
ing the kilovolt potential differences. 
Until the observational evidence for 
parallel electric fields became over- 
whelming it was thought that the 
plasma conductivity was too great to 
allow potentials of more than a few 
volts to develop along a magnetic field 
line. Strong electric currents flow up- 
wards along magnetic field lines above 
auroral arcs (carried by a downward 
flux of electrons) which may exceed 
the current density the plasma can 
support with low resistance. Three 
mechanisms have been proposed to 
explain the formation of high potentials 
with strong field-aligned currents. The 
electrostatic shock layer, which has 
been shown to exist as a shock-like 
solution to the Poisson/Vlasov equa- 
tions for strong currents. has a thick- 
ness of the order of an ion gyroradius 
(D. Swift, Alaska). This is related to 
the  double-laver, also current- 
controlled, but not much thicker than 
a Debye length. Anomalous resistivity 
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Fig. 2 Differential energy flux spectra 
for protons and electrons at 
7,300 km altitude over the northern 
auroral zone. ©, Upcoming particles; 
©. downgoing; A, mirroring, The 
mirroring electrons below the peak 
may be trapped between the con- 
verging magnetic field on one side 
and the electric potential on the 
other. (P. Mizera and J. Fennell, 
Aerospace Corporation). 


is created when the current flow 
becomes unstable to the generation of 
electrostatic ion cyclotron waves. The 
resultant electrostatic turbulence 
hinders the electron flow. Finally, high 
voltages can be required to drive a 
current in a hot plasma down the con- 
verging field lines against the magnetic 
mirror force. 

Evidence for all three mechanisms 
can be found in the S$3-3 data but none 


of it is conclusive. C.-G. Falthammar 


(RIT, Stockholm) suggested that 
more than one of them may be operat- 
ing. For example, the plasma tur- 
bulence associated with anomalous 
resistivity may help the formation of 
a shock layer, 

If it is becoming clearer how the 
parallel electric fields might be main- 
tained, it is still not clear how the 
contours above the V-shaped layer in 
Fig. 1 close, and where the energy 
source which drives the field-aligned 
currents is to be found. It was notice- 
able at the IAGA meeting that most 
scientists discussing auroral accelera- 
tion mechanisms ignored those regions 
of the magnetosphere above the 
acceleration region and that those con- 
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cerned with auroral substorm-related 
events in the far plasma sheet and 
geomagnetic tail ignored the influence 
of the ionospheric ends of the magnetic 
lines of force. The time has come to 


cory 


try to fit the two ends together. Lo 


Microanalysis in 
biology and medicine 


from Patrick Echlin 


The Third International Conference 
on Microprobe Analysis in Biology 
and Medicine was held in Münster 
on 5-8 September, 1977 under the 
auspices of the German Electron 


Microscope Society and the Royal 
Microscopical Society. The papers 
will be published by Hertzl-Verlag. 
Stuttgart, later this year. 





THE previous meetings in 1973 and 
1975 showed that a wide range of 
microbeam analytical techniques could 
be used in biological investigations. 
The meeting in Miinster demonstrated 
that the methods are at last providing 
physiologically significant data from a 
wide range of plant and animal tissues, 
which are in close agreement with 
similar data obtained using ion selec- 
tive electrodes, flame photometry and 
chemical analysis. 

In many instances microbeam tech- 
niques are taking analysis beyond the 
limits of more conventional methods, 
as was clearly shown in papers on the 
annlication of electron probe X-ray 
microanalysis to cells and tissues. T. 
Hall (University of Cambridge), claim- 
ing that the spatial resolution was now 
as low as 20nm and the performance 
better than 1!10°%g of an element, 
showed how X-ray microanalysis could 
be used for quantitative analysis of 
difusible ions in frozen-hydrated 
sections of fluid-transporting epithelia. 
A. Somlyo (University of Pennsylvania) 
was able to show, using freeze-dried 
sections of smooth muscle, that the 
high cellular chloride in this tissue was 
not due to compartmentalisation in. 
organelles and that the sarcoplasmic 
reticulum is a major storage site of 
calcium in ‘both smooth and striated 
muscle. 

G. Kirk (University of Chicago) 
demonstrated how the electron probe 
could be used in the analysis of single 
cells, by showing how the membrane 
transformations which distinguish red 
blood cells with a naturally high level 
of potassium from those with a 
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naturally low level of potassium occur 
early in the differentiation of the 
erythroblastic stem cells. A. Lauchli 
(Technical High School, Hannover) 
using frozen-hydrated bulk root tissue, 
has shown that sodium is reabsorbed 
from the vessels in the proximal 
regions of the roots of certain plants. 

Discussions on specimen preparation 
for microanalysis led to the conclusion 
that, with the possible exception of 
tightly bound elements, conventional 
wet chemical procedures were to be 
avoided and that low temperature 
techniques involving frozen-hydrated or 
frozen-dried sections, bulk samples or 
microdroplets of cell fluids were to be 
preferred. The only compromise might 
be to use freeze-substituted material or 
to encapsulate specimens in high 
molecular weight cryoprotectants before 
freezing. P. Echlin eż al. (University of 
Cambridge) demonstrated that these 
polymers, which do not enter the cell, 
limit the size of intracellular ice 
crystals to nanometre dimensions, and 
do not seem to cause any significant 
loss of elements from cells and tissue, 
although some elemental redistribution 
may occur within the cell. The extent 
of elemental redistribution generally 
remains a problem, but there was 
agreement that valid elemental con- 
centrations can be measured between 
different cell compartments, although 
it is probably premature to try and 
measure gradients and variations in 
concentration within a given compart- 
ment. 

Several papers dealt with the quanti- 
fication of analytical results. J. Russ 
(Prairie View, Illinois) described a new 
and relatively simple computer pro- 
gram for processing and displaying 
elemental spectra obtained from thin 
biological samples, and T. Appleton 
(University of Cambridge) discussed 
ways in which analytical information 
obtained from frozen-dried sections 
could be related to the fresh hydrated 
State. B. Konig (Batelle Institute, 
Frankfurt) considered the optimal con- 
ditions for high spatial resolution in 
the analysis of thin films and R. Bauer 
(University of Munich) gave details of 
a program for thin sections of bio- 
logical tissues which separates elemen- 
tal peaks and background radiation by 
means of artificially generated spectra. 
Using this technique together with in- 
ternal albumin standards, R. Rick 
(University of Miinich) found evidence 
for a syncytial sodium transport com- 


partment in all epithelial layers of 
frozen-dried sections of frog skin 
epithelium. 


There have been significant advances 
in the development of the laser micro- 
probe mass analyser. R. Wechsung 
(Leybold—Heraeus, Cologne) gave de- 
tails of a commercially available in- 





strument with a spatial resolution of 
0.3 um, detection limits of 10°?’ g with- 
in the 0.1-100p.p.m. range and the 
capability of analysing both organic 
and inorganic material. F. Hillenkamp 
(University of Frankfurt) and R. Kauf- 
mann (University of Diisseldorf) de- 
monstrated how the instrument could 
be used to analyse trace elements and 
physiological cations and anions or for 
fingerprinting organic constituents. 
Unfortunately, this high level of 
sophistication is still missing from the 
techniques of cathodoluminesence, and 
in the nuclear and proton probes. These 
techniques, together with ion probe 
analysis, still need further development 
particularly with respect to improving 
their spatial resolution and their bio- 
medical applications. These are clearly 
the analytical techniques of the future 
and for once the biologists are ready 
to use them, having firmly established 
valid preparative methods based on low 
temperature techniques. E 
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Economy and 
chemistry 
of phosphorus 


from P. B. Tinker 


A symposium, entitled The Econ- 
omy and Chemistry of Phosphorus 
was held at the Ciba Foundation 
on 12-15 September, 


1977, and 
chaired by Professor R. J. P. 
Williams. The Proceedings will be 
published by the Ciba Foundation. 





PHOSPHORUS occupies a special place 
amongst the elements which are essen- 
tial to life, because of the variety and 
complexity of the processes in which 
it takes part. The wide-ranging sym- 
posium was therefore of the broadest 
interest. 

The first and most basic topic was 
supply, since there have been sugges- 
tions that phosphorus is a mineral re- 
source which may be near exhaustion. 
Several speakers stressed the under- 
lying problem of the explosion of 
population and economic expectations. 
The present facts are not in dispute: 
current production is some 15 million 
tons each year, rising on a long term 
trend of 6-7°%, per year, from minimum 
demonstrated reserves of some 6,000 
million tons, which suggests exhaustion 
in 50 years. However, real reserves 
must be far larger, and J. W. Brinck 
(International Resources Consultants, 
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Alkmaar), used a modelling approach 
to infer that there could be anything 
from 40,000 to 500,000 million tons in 
all. Even this largest value would be ex- 
hausted in 120 years if the trend con- 
tinues. As with all futurology, the 
numbers are so inexact that one can 
do little except show that rising trends 
cannot be sustained for ever. The real 
question is the mechanism by which 
these rising trends are stopped. As 
Brinck remarked ‘Doomsday is always 
70 years ahead, and the best estimate 
seems to be that we have enough phos- 
phorus in mineable reserves to take us 
beyond the limit of useful prophesy, 
especially since recent price increases 
have sharply reduced consumption. 
Possible technical developments in 
mining technology, the use of sea-floor 
phosphatic nodules, greater efficiency 
in the use of fertilisers and phosphorus 
recycling make prediction especially 
difficult, and it was suggested that our 
problems are more likely to be the 
familiar ones of ill-directed investment 
or the exercise of monopoly power. 
The analogy with oil springs easily to 
mind, but it is not really a good one: 
oil has several substitutes, although its 
withdrawal would be catastrophic at 
once, whereas phosphorus could be cut 
off without serious immediate harm, 
although it has no substitute at all. 

By far the gréatest part of mined 
phosphate is used for fertilizers, and 
G. H. McClellan (International Ferti- 
lizer Development Center), described 
the technology of their production, 
stressing how this affected the possi- 
bility of using low-grade ores. 

The phosphorus cycle had a good 
run, with E. J. Griffith (Monsanto) 
discussing it on a global scale, J. C. 
Bowman (University of Reading) giving 
very detailed data for Britain, and 
A. F. Harrison (Natural Environment 
Research Council) dealing with dis- 
crete ecosystems. Natural ecosystems 
of forest and grassland have most of 
their phosphorus stored in the soil, 
with very small outputs and inputs, 
whereas the cycle in agriculture is 
much more ‘open’, with large inputs 
(as fertilizer) and outputs (as harvested 
crop). However, it is incomplete, in 
the sense that the inputs exceed outputs 
by a factor of between 2 and 10, due 
to adsorption of phosphate in the soil. 
It became quite clear during the meet- 
ing that this is the central problem in 
the world phosphorus economy, which 
consists largely of digging out phos- 
phorus at one place and stormg in the 
soil at another. The magnitude, value 
and use of this phosphorus store is not 
wholly understood, since the physical 
chemistry of phosphate in soil is ex- 
tremely complex, but it is crucially 
important. 

R. J. P. Williams (University of 
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Oxford) introduced the consideration 
of the detailed role of phosphorus in 
biology, noting the vital functions it 
performs in the transfer and storage 
of information (as nucleic acid) and 
energy (as ATP) and in compartmenta- 
tion (as phospholipids). B. C. Lough- 
man (University of Oxford), followed 
with a detailed description of the up- 
take and metabolism of phosphorus by 
plants, the most notable point being 
the enormous ability of organisms to 
concentrate phosphate from extremely 
dilute solutions. This is important in 
the utilisation of ‘soil store’ phosphate, 
and crops can take this up, although 
it may not be able to support maximum 
yield. There is some possibility of 
breeding crops which are more efh- 
cient at absorbing low-solubility soil 
phosphate, and microbiological systems 
such as mycorrhizas are often able to 
assist phosphate uptake. 

The importance of this uptake ability 
of organisms was illustrated by the 
very interesting and occasionally con- 
tentious section dealing with eutrophi- 
cation of surface waters by phosphorus 
wastes--largely from detergents in 
sewage. The discussion centred on 
the Great Lakes, and G. R. Alexander 
(US Environmental Protection Agency) 
discussed the problem in general and 
political terms. There is agreement 
that phosphorus is the limiting clement 
in all five Great Lakes, and removal 
of phosphorus from sewage inflows has 
proved unreliable. He saw little chance 
of stopping any of the other sources of 
supply, such as topsoil erosion, and a 
ban on detergent phosphates in sensi- 
tive areas would be the easiest method 
_of improving the position. Members of 
the relevant industry naturally did not 
entirely agree. A much more relaxed 
view was taken by R. W. Collingwood 
(Water Research Centre, Medmenham 
Laboratory), who felt there was no 
justification for the high cost of re- 
moving phosphate from sewage in 
Britain. Our disposal problems are very 
much easier than those in America, 
and he emphasised that each case 
should be treated on its merits, rather 
than imposing blanket bans. The sub- 
ject is extremely complicated, includ- 
ing political judgement of what ‘eutro- 
phication’ is acceptable, and the great 
difficulty of predicting exactly what 
may happen in the sometimes complex 
ecosystems of lakes. On the whole, the 
real damage to the community result- 
ing from either algal growth in rivers 
or from the withdrawal of polyphos- 
phates in detergents seemed rather 
small in relation to the often passionate 
interest aroused by it. The very useful 
point was made that ‘eutrophication’ 
is really a state of higher biological 
productivity, which may be positively 
desirable, and that we should not 


simply assume that the less phosphate 
the better, without thought. 

The chemistry of phosphorus under- 
lies all the other topics, though it was 
difficult to deal with it in depth in 
such a broad-based meeting. A. J. 
Kirby (University of Cambridge) dis- 
cussed the fundamental facts of the 
transfer of the phosphate group, which 
is the essence of its biological impor- 
tance. This deals with the P-O bond, 
and contrasted with the paper of T. D. 
Inch (Microbiological Research Estab- 
lishment, Porton Down), who dis- 
cussed the interesting compounds with 
P-C bonds. The phosphonates are im- 
portant in the nerve gases and pesti- 
cides based on these, and they do occur 
in both plants and animals, though in 
very small amounts. Some of their 
substitution reactions are interesting in 
giving a retention of steric orientation. 

R. J. P. Williams finally wound up 
the Conference, with a look back at 
the problems of unwanted phosphorus 
storage, and the desirable and undesir- 
able growth resulting from its presence. 
The meeting produced no radically 
new ideas, but it formed an excellent 
synthesis of the state of knowledge at 
present. The wide spectrum of disci- 
plines and interests made the discussion 
always interesting, sometimes fascinat- 
ing, and showed up very clearly the 
different mental approaches, for ex- 
ample between the pure chemists and 
the ‘field’ scientists. C 


Photosynthesis 
at Reading 
from J. Barber and B. Halliwell 
The Fourth International Congress 


on Photosynthesis was held at 
Reading on 4-9 September, 1977. 


The Congress dealt with all aspects 


of research into photosynthesis 
under two broad categories; the 
light reactions, and carbon metab- 
olism (including the physiological 
and applied aspects of the subject). 





A SERIES of symposia brought together 
biophysical and biochemical work 
aimed at understanding how energy 
capture, transfer and trapping occurs 
in photosynthetic organisms. This area 
is highly active at the moment due 
chiefly to the development of new 
techniques and to the increasing use of 
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sub-chloroplast particles and purified 
reaction centres from photosynthetic 
bacteria. For example, G. Searle (Im- 
perial College, London) reported how 
time-resolved transfer sequences be- 
tween different pigments can now be 
studied in photosynthetic tissue using 
picosecond fluorimetry. P. Thornber 
(University of California, Los Angeles) 
emphasised that picosecond absorption 
studies are also providing valuable in- 
formation on primary charge separa- 
tion in bactertal reaction centres, and 
in particular referred to recent work 
with Rhodopseudomonas viridis. As 
yet, purified reaction centres from O.- 
evolving organisms have still not been 
isolated and direct comparisons be- 
tween these systems and the photo- 
synthetic bacterial system can only be 
speculative. 

Although the ‘Z-scheme’ for electron 
flow in O.-evolving systems seems to be 
the best working model, there is still 
confusion about the role of cytochrome 
bs5, cytochrome f and cytochrome dg. 
The function of these components must 
be understood before it can confidently 
be said that a full description of 
electron transport in photosynthesis is 
known. Moreover there may be other 
electron transfer components which 
have not been identified. The existence 
of a new component was suggested at 
the congress by R. Malkin (University 
of Cahfornia, Berkeley). He reported 
that a ‘Rieske’ iron-sulphur centre 
exists in chloroplasts and from several 
lines of evidence suggested that it func- 
tions as an electron carrier between 
the plastoquinone pool and plasto- 
cyanin. Plastocyanin now seems to be 
fully accepted as a major electron car- 
rier in chloroplasts and at the meeting 
the results of high resolution X-ray 
analysis of its structure was reported 
for the first time by H. C. Freeman 
(University of Sydney). Knowledge of 
the mechanism by which molecular 
oxygen is generated from water by 
light energy is progressing steadily. 
T. Wydrzynski (University of Illinois) 
presented some new results obtained 
with colleagues based on NMR studies. 
Their results suggest that the ‘S-state 
enzyme’ of the ‘Kok-clock-model’ con- 
tains four manganese atoms and is 
advanced by Mn** to Mn’** changes. 
Whether their model is correct or not 
is open, but efforts to gain a chemical 
understanding of the reactions involved 
are welcome and moreover their model 
fits with studies of flash-induced H* 
release presented by others at the 
meeting. 


Photophosphorylation 

The symposium concentrating on 
photophosphorylation clearly demon- 
Strated that in its broad terms, Mit- 
chell’s chemiosmotic scheme is ac- 
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cepted by most workers. A few papers 
were presented which disagreed with 
some of its finer points and the exact 
values of the H/e or P/e ratios are still 
not known. Over the years H. Witt 
(Berlin) and his colleagues have pre- 
sented strong experimental support for 
Mitchell’s concepts and again at this 
meeting, Glaber from Witt’s laboratory 
reported experiments in which ATP 
synthesis had been induced by creating 
artificial electrical gradients across 
chloroplast membranes. A requirement 
of the chemiosmotic scheme is that 
there is a membrane-located ATP syn- 
thetase or coupling factor able to do 
work when translocating protons down 
their electrochemical potential gradi- 
ent. The coupling factor consists of 
several subunits and N. Nelson (Haifa, 
Israel) reported some unique experi- 
ments. He seems to have isolated the 
‘H‘-ionophore’ component of the com- 
plex and has tested its ability to 
increase H* conductance by incorporat- 
ing it into artificial membrane systems. 


Carbon metabolism 

The sessions on carbon metabolism 
dealt largely with the regulation of CO, 
fixation in © plants and with photo- 
respiration. No great advances in our 
knowledge of C, metabolism were re- 
ported, but it is now generally accepted 
that the Calvin cycle operates only in 
bundle-sheath cells. CO. is fixed in the 
mesophyll, transferred to the bundle- 


sheath as malate or aspartate and re- . 


leased again to be refixed by the Calvin 
cycle. 

Regulation of the Calvin cycle is 
achieved by several mechanisms, one 
of which is a light-dependent increase 
in the activity of certain enzymes. 
Ilumination generates dithiol groups 
within the chloroplast, which then 
activate the enzymes. L. Anderson 
(University of Hlinois, Chicago) and B. 
Buchanan (University of California, 
Berkeley) gave evidence that both 
membrane-bound dithiol groups and 
the dithiol protein thioredoxin seem to 


be involved. A tentative mechanism 
may be proposed (Fig. 1). 

As. H. Heldt (University of Munich) 
reported, when chloroplasts are illu- 
minated, the Mg** concentration of the 
stroma increases cby I-4mM_ and its 
pH from 7.0 to 8.0 as H? enters the 
thylakoids and Mg’** moves out. These 
changes regulate several enzymes of 
the Calvin cycle, especially fructose 
and sedoheptulose diphosphatases. Both 
enzymes work best at high pH and 
Mg” concentration. Ribulose diphos- 
phate carboxylase requires preincuba- 
tion with Meg’? and CO, to obtain 
maximum activity in vitro: it is not 
clear if the enzyme is always fully 
activated in vivo. According to D. 
Walker (University of Sheffield) the 
kinetics of the activated enzyme can 
now account for observed rates of CO: 
fixation. J. Preiss (University of Cali- 
fornia, Davis) suggested that starch 
synthesis is regulated at the level of 
ADP-glucose pyrophosphorylase, which 
is activated at high phosphoglycerate / 
inorganic phosphate ratios. 

Iluminated chloroplasts generate 
H-O; but contain no catalase activity. 
Ascorbate peroxidase together with 
glutathione reductase may remove 
H:O; in vivo, an argument put forward 
by D. Groden (Bayreuth) and by B. 
Halliwell (King’s College, London). 

Photorespiration is caused by the 
formation of glycollic acid and its sub- 
sequent oxidative decarboxylation. G. 
Lorimer (Munich) reported experi- 
ments with “O. which show that most, 
if not all, of the glycollate is produced 
by the hydrolysis of phosphoglycollate 
generated by the oxygenase activity of 
ribulose diphosphate carboxylase. U. 
Heber (Dusseldorf) also carried out 
other experiments which supported this 
conclusion. The glycolate so produced 
is oxidised to glyoxylate and trans- 
aminated to glycine in peroxisomes. 
The glycine is converted into CO:, NH; 
and serine in mitochondria. As A. 
Moore (King’s College, London) ex- 
plained glycine oxidation by leaf mito- 
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Fig. 1 Tentative mechanism for activation of Calvin cycle enzymes by dithiol 
groups generated by illumination of chloroplasts. 
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A hundred years ago 


Tue chief signal officer of the U.S. 
army has been urging that physical 
observations of the sun be made, as 
of sun-spots, faculae, protuberances 
&c., in reference to their supposed 
influences upon terrestrial meteoro- 
logy, and has offered to publish the 
results monthly, or such of them as 
may be considered desirable by the 
observer, in the Monthly Weather 
Review. The United States Naval 
Observatory at Washington has 
already accepted this proposition, and 
it is considered very desirable that 
some other observatories in the east 
and at least one on the western coast, 
cooperate in this undertaking. 


From Nature 17, 8 November, 39; 


1877, 


chondria has a P/O ratio of 3: the NH; 
formed is probably a substrate for 
glutamine synthetase. Several groups 
of workers have shown that the 
amount of carbon flowing through gly- 
cine and serine in illuminated leaves is 
more than sufficient for glycine de- 
carboxylation to account for observed 
rates of photorespiration (D. Canvin, 
Queen’s University, Ontario; C. Whit- 
tingham, Rothamsted), However, 
Canvin also reported that the “C- 
labelling kinetics of glycine and serine 
are extremely complicated and in- 
consistent with a single origin for these 
amino acids, so it cannot be clearly 
stated how much photorespiratory CO, 
arises by glycine decarboxylation. 
Refixation of CO, released by photo- 
respiration consumes considerable 
energy within the leaf. G. Krause 
(Dusseldorf) thought that photorespira- 
tion may help to use up ‘excess’ light 
energy and protect the chloroplast 
from damage. As. E. Elstner (Munich) 
explained, the electron acceptor com- 
plex of photosystem I can reduce O; to 
Ox", the toxic free-radical superoxide 
(Elstner, Asada). In the absence of 
CO; NADPH/NADP* ratios in the 
chloroplast will be high and so elec- 
trons should be shunted more rapidly 
to Ov. Photorespiration, by making CO, 
continuously available for refixation, 
might help to decrease Ox” formation 
to a level that can be dealt with by the 
chloroplast’s protective mechanisms. _1 
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THIS year marks the centennial of 
Edison’s phonograph; next year is the 
centennial of the Edison Electric Light 
Company (which General Electric 
claim as their birthdate); and 1979 will 
mark the hundredth anniversary of 
Edison’s incandescent bulb. It would be 
possible to go on to suggest plausible 
Edison celebrations for each year well 
into the twenty-first century, thus 
giving strength to the claim that here 
we have the most prolific inventor of 
all time. Furthermore, many of his 
discoveries were fundamental contribu- 
tions to devices which now dominate 
our lives, thus giving firm support to 
Mr Clark’s subtitle. 

The perspective of a hundred years 
should make it possible for the author, 
as promised on the jacket of the book, 
in writing about Edison ‘‘to present 
him clearly against the background of 
his times and to assess fairly what his 
achievements really were.’’. There are 
occasions in the book where a gesture 
is made in this direction—as on pl4 
where Edison’s characteristics are 
equated with those of his age, or in 
the few instances of reference to the 
financial manipulations of his robber— 
baron contemporaries. But none of this 
is pursued. There are no fresh insights 
into the relationships between Edison 
and his family, or Edison and his work- 
men. or Edison and people like Jay 
Gould. There is the suggestion that 
after his first wife died his re-marriage 
to someone quite different significantly 
affected his attitude towards his work 
(p146). But even this is not amplified, 
and references to his work habits in 
later years seem to indicate a single- 
minded dedication virtually unchanged 
from the earlier period. 

What we have, therefore, is a 
pleasantly readable biography, conven- 
tional in form, which offers no special 
commentary beyond what is available 
in other works. To me, it is not as 
satisfactory as the biography by 
Matthew Josephson. published almost 
twenty vears ago (Edison, McGraw- 
Hill, 1959). This is partly due to the 
fact that Josephson allowed himself 
twice as many pages as Clark, partly 
due to the research he did on the 
Edison papers, and partly due to his 
familiarity with that period of 
American economic history. But Clark’s 
biography shares with Josephson’s a 
major failing in not describing in any 
significant detail the inventions that lay 


at the heart of Edison’s life. It is 
therefore difficult for the reader to 
assess the nature of the challenges 
facing Edison, or the ingenuity with 
which he solved them. There are a 
number of other more specific failings 
as well, and it seems worthwhile to 
mention a few of them here. 

There is, for instance, the marvellous 
story of how Edison received a tele- 
gram from London in December, 1878, 
urging him to develop a telephone 
receiver that would circumvent the 
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Bell patent. (Unmentioned is the fact 
that in Britain Bell’s patent protection 
extended only to the particular devices 
invented, whereas in America he was 
allowed credit for the principle of 
voice communication by a fluctuating 
electric curent.) In a tour de force that 
was so typical for him Edison did what 
was asked. He shipped off a working 
model within three months, thus allow- 
ing his supporters in England to arrive 
at a profitable understanding with the 
opposition. Clark tells this story, and 
tells it well. After noting, however, 
that this was a time when intensive 
efforts were being expended on the 
incandescent lamp, he tries to make a 
point about Edison’s methods of opera- 
tion, stating that he “acted promptly 
and ruthlessly. He withdrew all his men 
from work on the electric light and put 
them on telephony.” (p59). But this 
was surely not the case. The new 
receiver (which depended on the vary- 
ing amount of friction that was pro- 
duced when a varying current passed 
between a rotating drum and a stylus 
pressed on it) was directly related to 
an earlier telegraphic instrument he 
had invented; and although Edison un- 
doubtedly expended a good deal of 


additional thought and experimenta- 
tion, and called for some assistance, 
there is no reason to believe he would 
turn the entire laboratory over to the 
project. Furthermore, during January, 
in the middle of this three-month 
period, Edison produced his first high 
resistance lamp, 

Clark’s account of the development 
of Edison’s carbon-resistance telephone 
transmitter is not so much in error as 
it is misleading. Although noting (p58) 
that the patent application was made 
in 1877 and not granted until 1892, 
he dismisses the delay by stating merely 
that “it is symptomatic of the contro- 
versial situation.” This was a very 
important invention (as Clark recog- 
nises), and it would seem reasonable to 
include some discussion of the contro- 
versy and of the parallel work of Emile 
Berliner, Francis Blake, and others. 

Nicola Tesla, that most peculiar 
electrical genius, is given credit (p159) 
for developing the transformer and 
motor that made alternating current 
transmission practical, Although there 
is a considerable amount of truth to the 
statement, it suffers greatly from over- 
simplification, and a few qualifying 
words would seem in order. This is 
especially relevant because for the 
period in question—-the late 1880s— 
the important work (on the trans- 
former) was carried out by William 
Stanley for Westinghouse, with some 
debts owed to earlier activities in 
Hungary and Britain. On the same 
page, Clark relates that in 1912 Edison 
and Tesla were offered jointly the 
Nobel Prize in Physics, that Tesla 
spurned it because of his ill feelings 
towards Edison. and that it therefore 
went to someone else. This is a story 
that has several versions: the one which 
is Clark’s source even has the date 
wrong. Whether the Nobel committee 
contemplated giving the prize to them 
is unknown, but in November 1915 the 
New York Times printed an account 
that this was the case. Others followed, 
and there were of course interviews 
with the two principals. No known 
statements by Tesla indicated any 
reluctance to accept the award: when 
asked why Edison might be honoured, 
he responded that Edison was worthy 
of a dozen Nobel Prizes. 

The whole matter of the AC-DC 
controversy is given some prominance 
by Clark-—and rightfully so—as mark- 
ing a change in Edison’s way of 
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Edison with two of the lamps produced 


to illustrate the Edison effect. later to 
become the basis of the electronics 
industry 








thinking. This was during the period, 
already mentioned, when he re- 
married; an analysis of how various 
pressures then came to bear on Edison, 
and how he reacted to them, would 
make extremely interesting reading. 
Unfortunately, there is no real attempt 
to do this. Even the account of the 
succession of events is marred by errors 
of omission and commission. For 
instance, unmentioned by Clark, there 
were some very good reasons support- 
ing Edison’s side of the argument: 
storage batteries could be used in con- 
junction with direct current generators 
to even out the load cycle, and no 
motors had (yet) been invented to work 
on alternating current. The eventual 


capitulation—a merger with Thomson- 
Houston—is presented (p179) as if 
Edison were completly unaware of 


what was transpiring. Although it is 
true that Edison was against the merger 
and was largely kept in the dark. he 
had been aware for some time of the 
state of negotiations. His strong reac- 
tion, cited by Clark, was to the revela- 
tion of the final details, which merged 
everything together and stripped his 
name from the resulting firm title of 
General Electric. 

There is no reason to believe (p65) 
that weakness in theoretical training 
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caused our hero to miss an opportunity 
to exploit the Edison effect. This was 
his discovery in 1883 that negatively 
charged particles were given off by his 
lamp filaments, and that they could be 
attracted to a positively charged extra 
electrode. He carried out a number of 
experiments and then applied for a 
patent where the effect was used in a 
sensitive current detector—the only 
use he could see for it. The experiments 
were known to physicists and electri- 
cians throughout the world, and none 
had a better suggestion. John Ambrose 
Fleming experimented with Edison- 
effect bulbs over the next few years 
before also abandoning them. It was 
two decades after the discovery (1904) 
before Fleming applied the Edison 
effect to act as a moderately effective 
detector of radio waves, and another 
decade before such a device (with a 
third electrode, added by Lee de Forest 
in 1906) was successfully used in an 
amplifier, thus ushering in the elec- 
tronic age. 

There are numerous other examples 
of this same type, and if one were to 
draw a moral from them I suppose it 
would be that scientific and technical 
biographies are very difficult to write 
Further evidence for such a statement 
is the fact that very few have been 
written. If anyone should know this, 
it should be Mr Clark, who has special- 
ised to a degree in this sort of writing. 
In his recent biography of Einstein he 
minimised the weakness of his own 
scientific background by doing a con- 
siderable amount of legwork. seeking 
out unused written material and inter- 
viewing people. to provide the makings 
of a dimension to the person he was 
describing that had not been available 
before. This could have been done with 
Edison. If Clark had used his strengths 
as a biographer to probe Edison’s 
character and his dealings with other 
people. then the results might have 
been of great interest 

The fact of the matter is that the 
corpus of Edison material—most of it 
preserved at the historic site in West 
Orange. New Jersey—is enormous. The 
task of dealing with it intelligently in 
its present form. in spite of the amount 
of organising effort that has already 
gone into it, is far beyond the capaci- 
ties of any one person. A fitting centen- 
nial tribute to Edison would be the 
inauguration of a project to develop 
these papers in a more useable fashion 
and to make them more widely 
available. There is hope that this will 
happen. If it does, the next biographer 
will be able to reveal to us a great deal 
more about the man who made the 
future OC) 
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THERE is perhaps some wisdom in the 
idea that before books are written, the 
authors should discuss the contents 
with potential reviewers. In the case of 
a detailed monograph or lavishly illus- 
trated coffee-table book, one knows 
pretty well where one stands in terms 
of how to review it. In the first case 
one evaluates it particularly in relation 
to the limited number of specialist aca- 
demics or students who will consider it; 
at the other extreme, the acid test is 
whether it will hold its own against 
Scotch, conversation or the television. 
But the hybrid is a problem, and that 
is really what Origins claims to be. 
The publishers tell us that it Is 
“handsomely illustrated and fascinating 
to read” as well as being “filled with 
controversial ideas and fresh insights”. 
Oh dear, a difficult one, pitched at the 
general reader but putting out new 
ideas which are presumably for pro- 
fessional eyes as well. The only answer 
is Of course to try and play the same 
game. Is it pleasant reading for any of 
us interested in the evolution of our 
species (and most of us pretend to be, 
even though the state of ‘advanced’ 
societies suggests that few really are)? 
Secondly, does it really contribute 
something new to this well-trodden 
field, beyond a few new pictures and a 
few extra basic facts (easy enough to 
produce in human palaeontology)? 

But to begin at the beginning, the 
sequence of chapters follows a pattern 
which is fairly standard now in books 
concerned with the evolution of man. 
We see primate evolution scaled against 
the few thousand million years of 
emergent life generally, a fact which 
should really put us firmly in our place 
and give us a strong perspective for 
viewing the biosocial absurdities of our 
own species; but it never seems to. The 
history of evolutionary controversy and 
theory is scanned briefly, reminding 
one that bias is all too easy and that 
there is a need for a detailed study of 
the history of palaeoanthropology, with 


not only Darwin, Huxley, Owen and 
Dart, but also Elliot Smith, Ruffer and 
many others who were not only con- 
cerned with evolutionary theory but 


were also working on such ques- 
tions as neurological change and 


ancient disease-—-exotic perhaps to 
some but just as relevant to the proper 
appreciation of the biology of past 
hominid populations. 

Viewing the primates as a whole over 
their seventy million years or so of 
evolution is also an exercise of use to 
the hominid palaeontologist, setting his 
own distinctiveness and rates of change 
against that of other species within the 
Order. There are clearly explosions of 
adaptive success; first the prosimians, 
then monkeys, followed by a rather 
modest hominoid  (ape-plus-human) 
differentiation, and finally the popula- 
tion explosion of modern man himself. 
In the interests of easy reading, con- 
siderable opportunities are missed for 
showing the quesionable nature of 
much of the work and findings in this 
field, and the great research challenge 
which remains. But this is always the 
problem in popularising science, and 
although perhaps a lot of the fun of 
research is in the uncertainties, 
challenges and points of disagreement 
with colleagues, perhaps this does not 
lead to good reading at a general level? 
| confess that I think it does, but ad- 
mittedly detailed and truthful revela- 
tions about some controversial issues 
would have to be very skillfully and 
carefully written indeed in order to 
avoid multiple libel actions. 

Although much of the book seems to 
highlight Africa as a focal area of 
palaeoanthropology, the chapter on 
hominid beginnings rightly points out 
that most apparent ramapithecine 
material, a possible early hominid of 
about ten million years ago, is found 
outside Africa. This seems to be a 
rather neglected yet very significant 
fact, and if this group is indeed part 
of a variable stock from which the 
later hominids were derived, there 1s 
no reason why, in the following three 
or four mililon years, this group could 
not have given rise to advanced homi- 


Africa alone. 

The next chapter, “The Cradle of 
Mankind”, is concerned with a further 
morphological phase seen in human 
evolution—the australopithecine and 
Homo habilis groups of Africa. But 
how can one be sure, in this early stage 
of field-working world Pho-Pleistocene 
deposits, that many sediments out of 
Africa will not eventually produce 
these or related hominid varieties? And 
even if relevant fossils do not appear 
soon in other continents even though 
many more do in Africa, what does this 
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mean? From the evidence of skeletal 
material excavated in Britain, one 
would have to conclude that the Scots 
and Welsh hardly existed and only 
southern Britain was generally popu- 
lated over the past few thousand years 


-a fact really correlated with soil 
acidity rather than historical demo- 
graphic truth. 

As expected, the fossils grouped 


under the name of Homo habilis, and 
especially the 1470 skull from Lake 
Turkana, are discussed in some detail. 
The fact that a number of deposits 
have now produced evidence of this 
“primitive Homo of nearly four 
million years old” is certainly interest- 
ing but whether “Just a few years ago 
no-one in their right mind would have 
believed this possible” seems debat- 
able. I for one considered it possible 
and am not noticeably of unsound 
mind. 

If one views human evolutionary 
studies from the turn of the century, 
it can be seen how the timescale has 
been greatly extended. In this respect 
at least, we tend to be rather conserva- 
tive, although there seems to be an 
easier acceptance of much larger dates 
now, and indeed there is perhaps even 
a growing feeling that we must give 
as much time as possible for the mosaic 
of changes we know to have taken 
place in the limbs and pelvis, skull and 
brain. For, whereas Sir Arthur Keith, 
writing fifty years ago, could consider 
morphological evolution as if it were 
a sequence of easy growth changes, we 
must now see it as a complex product 
of multiple gene pool changes linked 
with environmental demands and social 
development. 

Early tools are rightly given space 
in various parts of the book, and the 
comments on the early evidence is of 
course especially interesting. The great 
problem is to know what some of these 
roughly made objects really mean in 
terms of cultural development in the 
community. We can watch nest con- 
struction in birds or object manipula- 
tion in chimpanzees until we are blue 
in the face and still be quite unable 
to usefully interpret the significance of 
a remnant stone technology in another 
species where the brain is known only 
from an endocast. What is particularly 
tantalising is that one suspects that 
tools such as the poorly manufactured 
quartz objects from the Omo River 
Valley are telling us more than we can 
yet cope with in terms of early hominid 
perception and language development, 
the education of the early hominid 
child into the practicalities of hunter- 
gathering, and even the emergence of 
more advanced forms of group co- 
operation. 

With the discovery of the fairly 
complete Homo erectus cranium from 
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East Turkana, doubts as to the con- 
siderable antiquity of this species are 
rather cleared away. (Claims for an 
earlier date from Java have been 
viewed with some uncertainty.) 
Whether Turkana Man was “very 
similar” to Peking Man is rather de- 
batable. but that does not affect the 
importance of this find, and | would 
have liked to read more comments on 
this and related African specimens. For 
that matter, the authors could have 
usefully drawn in more of the Homo 
erectus and later Middle Pleistocene 
specimens which have been discovered 
in the past decade or so; and indeed 
| felt that the book sadly underplayed 
some discoveries in non-African areas 
of the world. I confess to being reluc- 
tant to accept their scheme for the 
emergence of Homo erectus in East 
Africa and then derive European and 
South-East Asian representatives from 
this stock. Perhaps this is only the re- 
sult of a suspicious mind refusing to 
believe that the early hominids of be- 
tween two and five million years ago 
were so restricted to Africa. 

More than one chapter is concerned 
with this level of evolution and in the 
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one on “Intelligence. Language and 
the Human Mind” the authors give an 
opinion that “the vocal apparatus of 
Homo erectus would have enabled him 
to speak in a slow and rather ‘clumsy’ 
fashion”. This brief but understandable 
comment is perhaps the essence of 
popular writing and perhaps does no 
harm, even though it is very misleading 
as regards the certainty of this fact and 
the lack of good evidence to substan- 
tiate it. 

After considering the more recent 
phases of human evolution, including 
such aspects as population increase, 
agriculture, aggression and rituals, the 
authors are still able to conclude op- 
timistically. And perhaps it is all to 
the good if palaeoanthropologists do 
cultivate a good bedside manner, cheer- 
ing us on instead of placing us in the 
shadow of the dinosaurs. Unfortu- 
nately, I suspect that our mission may 
eventually be that of Job’s comforter. 

Leakey and Lewin have produced a 
nice book for the general reader, not 
one for the student or professional. L 


Don Brothwell is Senior Lecturer in the 
Department of Human Environment at the 
Institute of Archaeology, London, UK. 
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The Spirit of System: Lamarck and 
Evolutionary Biology. By Richard W. 
Burkhardt, Jr. Pp. 285. (Harvard 
University: Cambridge, Massachusetts 
and London, 1977.) £11.55, 


TS 


lr is a great relief to have at last a 





good book on Lamarck in English, 
neither partisan through patriotism, 
nor distorted by dislike of Darwin. 


Burkhardt gives us an excellent intro- 
duction to Lamarck, his contem- 
poraries and predecessors, and to the 
scientific bodies and institutions in 
revolutionary Paris. Anyone working 
on Lamarck is necessarily limited by 
the almost total lack of biographical 
and personal material, but Burkhardt 
has gone carefully through the pub- 
lished writings and the manuscripts of 
Lamarck at the Musée d'Histoire 
naturelle, and those of Cuvier there 
and at the Institut. He has read widely 
in the literature of the period, and his 
sketches of the ideas and opinions of 
Daubenton, Faujas de  Saint-Fond, 
Buffon, de Jussieu, Bruguière, and 
Lacépède, for example, are essential 
for understanding the variety of 
opinions and the wonderful richness 
of the biological, physical and chemical 
work in Paris in Lamarck’s lifetime. 


Cuvier 


On Lamarck himself Burkhardt gives 
a useful sketch of his life and career, 
and the best analysis both of his evo- 
lutionary ideas and the way in which 
he altered his opinions, or at any rate 
some of them. The title of the book 
refers to that passion for system build- 
ing (esprit de système) which had al- 
ready been recognised as a major 
obstacle to scientific progress— 
Lamarck would not have liked its ap- 
plication to him at all, but it is justly 


used. He was a fanatical system- 
builder. far too hasty, far too im- 
patient to test the validity of the 


‘facts’ he built on, far too tenacious of 
dubiously correct ideas, and incredibly 
opposed to the best physical science of 
his day. He was, in short, a first-class 
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crank. One is reminded of Alfred 


Russel Wallace on = anti-vaccination, 
life on Mars, spiritualism, land 
nationalisation, and the  flat-earth 


people. Cranks are usually disastrously 
wrong, but when they are right, 
because of their fanaticism they are 
righter than most others—in some re- 
spects Wallace’s Darwinism, which 
rather surprised Darwin, was better 
than the Origin of Species; and he was 


of course a great biogeographer. 
Lamarck also has plenty of claim to 
biological credit, for his taxonomic 


work: but his system of thought on 
the nature of life and on evolution re- 
posed on such hopeless physical, 
chemical and geological foundations, 
and was presented with such disregard 
for scientific sobriety, that it is no 
wonder he was rejected by his con- 
temporaries. One cannot but have sym- 
pathy with him for his unfontunate 
life. his blindness, his miserable last 
years; nevertheless, he was a crank. 
Burkhardt approaches him with too 
much deference to say anything of the 
sort. but he does indicate at the end 
that Lamarck cannot be considered a 
man ahead of his time. 

Lamarck began his scientific work 
as a botanist, adept at constructing 
keys and fully aware of their artificial 
nature, believing in the immutability 
of species, and convinced that within 
the plant and the animal kingdoms 
separately there is a serial order which 
is the natural order. He knew well that 
both plants and animals vary consider- 
ably, often in relation to different 
climatic or cultural circumstances. He 
knew, as did everyone, that there was 
a balance in nature, such that all 
species continue, acting as checks on 
each other by predation; none, he be- 
lieved, were lost. Two of these ideas, 
somewhat battered, he clung to to the 
end of his life—that within animals or 
plants there was a single natural serial 
order, or perhaps two; and that except 
for some large animals perhaps extin- 
guished by man and the hordes of 
infusorians which could be easily 
destroyed by variations in external con- 
ditions, no extinction had taken place. 
It was this last conviction that, as 
Burkhardt shows very clearly, drove 
him to the idea of mutability of species 
—if it could not be that large numbers 
of species had become extinct, then 
they must have transformed into other 
species. 

Right from the beginning, Lamarck 
had been thinking about the nature of 
plants, their constitution and physio- 
logy. He was especially impressed 
with the influence of climate, soils, 
and other environmental factors on 
them, and he started to think out a 
general theory of living and non-living 
things. It would be fascinating to look 
at his Jesuit schooling, which might 
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in part explain some of his ideas in 
physics and chemistry. He clung all his 
life to a thoroughly idiosyncratic four- 
element theory (of earth, air, fire and 
water) combined with those subtle 
and invisible fluids, magnetism, elec- 
tricity, and so on, which were the 
common property of almost all scien- 
tists in the eighteenth century. At first 
he thought of the origin of the world, 
and the nature of motion and of life 
as wholly mysterious, but before he 
finished he could explain the powers 
of life entirely in terms of his own 
physics and chemistry. He also believed 
that matter without the action of life 
had no tendency to form compounds. 
Complex matter left to itself would 
continue to disintegrate, and he pro- 
duced a degenerative series beginning 
with excretions, secretions and corpses, 
ending with the purest of all solid 
matter, rock crystal. Burkhardt con- 
siders the well-known antagonism be- 
tween Cuvier and Lamarck to be a 
consequence perhaps of the former’s 
religious views but also because he had 
a philosophy of stability antagonistic to 
Lamarck’s ideas of change. It is as 
likely that Cuvier was a better scien- 
tist than Lamarck and that his ideas 
were better founded in the practical 
science of the period. 

Lamarck’s observations in geology 
had convinced him that the Earth had 
undergone very long slow gradual 
changes; he was an ultra-uniformi- 
tarian and therefore could think of no 
mechanism for large-scale extinction. 
He was also a good conchologist, and 
Burkhardt brings out well the impor- 
tance of this subject for problems of 
extinction at the time—Faujas de Sain- 
Fond, struggling with it, was so eager 
for Lamarck’s conchological system 
that he worked from the proofs of it. 
On the one hand, many species seemed 
to be extinct but to be related fairly 
closely to present ones: on the other, 
forms thought to be extinct occasion- 
ally turned up alive (a trigoniid claim 
in Australian waters. for example): 
and vast areas of the world were still 
unexplored. It was a difficult question. 
more so for Lamarck because large 
numbers of intermediate forms. which 
should have existed on his theory, had 
not come to light. Why he should have 
clung so tightly to non-extinction is 
not explained. I suspect it was because. 
as an ardent Deist he could not con- 
template serious imperfection in the 
world. His over-riding faith. that every- 
thing happens by law, surely springs 
from this attitude and from the gigan- 
tic success of Newton. Probably, his 
belief that the time was ripe for a 
synthesis of all biology from the facts 
then available came from an unfor- 
tunate hint of Newton’s that also in- 
fluenced Erasmus Darwin deeply. 
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Once convinced that transmutation 
of species must have occurred, 
Lamarck immediately found a dual 
mechanism for it, a purely physico- 
chemical system, whereby life, once 
Started in simple specks of matter. 
would through the circulation of fluids 
cause expansion, then channels for the 
fluids, then further complexities of 
organisation. This, by itself, would pro- 
duce a uniform series of living things 
beginning daily with spontaneously 
arising animalcules, and ending after 
an incredible period of time with Man, 
the most perfect of all. But each ani- 
mal, or plant, has to live in particular 
ways, and their circumstances would 
act to modify them for their roles. This 
would explain neatly why there is, ac- 





cording to Lamarck but not Cuvier, 
an overall progression in the great 
groups of animals or plants but much 
difficulty in making serial arrangements 
of species or genera within them. This 
mechanism of adaptation was again a 
commonplace of the time, the inheri- 
tance of acquired characters. Lamarck 
Said explicitly that he prided himself 
not on this mechanism but on seeing 
its enormous implications, which no- 
one else had done. 

Lamarck had no reputation in 
France until it was necessary to find a 
national rejoinder to Darwin. Much 
of what was then written was uncritical 
in the extreme. Since about 1950, many 
excellent papers have appeared in 
various languages, and one can now 
hope to look at the natural history of 
Lamarck himself. This book is a major 
contribution, but it suffers somewhat. 
like so much written recently by his- 
torians and philosophers, from a lack 
of biology. For example, Burkhardt 
says that Lamarck’s theory of evolu- 
tionary change was a specially 
eighteenth-century one, seen also in 
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Adam Smith, Hume, or Rousseau, in 
which a natural process takes place, 
but it is affected by constraining cir- 
cumstances. The implication is that he 
was a child of his time, which in 
general is certainly true. But neverthe- 
less he and all other biologists knew 
that the embryo in the uterus develops 
and complicates enormously in a nearly 
constant environment; there must 
therefore be a power of development 
independent of environmental fluctua- 
tions. He knew also that plants and 
animals when domesticated might 
change surprisingly: there must there- 
fore also be a power of the environ- 
ment over the results of development. 
It is difficult to see why this is a 
specially eighteenth-century interpreta- 
tion. 

Equally, there are moments when one 
wonders whether the author appreciates 
what Lamarck is referring to. Burk- 
hardt mentions Lamarck’s pointing out 
that “the isochronous movements of 
the large, soft radiarians”’ is like the 
movement of the liquid in a heated 
thermoscope. What Lamarck is refer- 
ring to is simply the pulsations (as they 
swim) of big jellyfish, which will be 
familiar to most readers. Burkhardt 
stresses the importance of conchology, 
but does not give us any insight into 
what it means to Lamarck in his daily 
work and thought, apart from the ex- 
ample of the trigoniid already men- 
tioned. Too much history of biology 
written by historians and philosophers 
omits too much of the biology. A his- 
tory of ideas is good in itself, but in 
science, as against philosophy, those 
ideas have a practical context within 
the subject matter of that science 
which cannot be ignored. We have been 
shown far too often how scientists are 
the creatures of their times (which is 
true) and far too seldom how they are 
also influenced by their subjects. One 
possible source for Lamarck’s ideas of 
fluids circulating and ‘forming’ vessels 
for themselves might be found in the 
teratological and embryological know- 
ledge of the period. 

The book is exceptionally well 
written, with only a few infelicities of 
translation (brute matter is not a good 
translation of matiére brut, and con- 
science in French is not conscience in 
English) or idiom (no-one did anything 
in 1797, only as of it, an unnecessary 
pseudolegalism) or checking (notes 88 
and 89, chapter 5, and note 1, chapter 
6 are incorrect references according to 
my copies of Lamarck). It will be an 
indispensable introduction to the sub- 
ject, and the basis on which an exami- 
nation of Lamarck’s actual biological 
knowledge can be reared. g 


| 


A. J. Cain is Derby Professor of Zoology 


in the University of Liverpool, UK, 


Nature Vol. 270 10 November 1977 


Book Review Supplement 





Homo 
exquisitus 


R. D. Meikle 








Ehret: Flower Painter Extraordinary. 
By Gerta Calmann. Pp. 160, (Phaidon: 
Oxford, 1977.) £16. 
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Tue history of Georg Dionysius Ehret 
(1708-1770) exemplifies the plight of 
many a botanical artist, dismissed (until 
recently) as a technician by the world 
of Art, and used, but scarcely appre- 
ciated, by botanists, to whom such 
elegant work seems to be of little more 
than peripheral importance. 

Ehret was born in Heidelberg (or 
possibly Erfurt), the son of a gardener, 
with no advantages of birth save an 
observant eye and a natural talent for 
drawing and painting flowers, After a 
brief apprenticeship in horticulture, he 
turned to botanical illustration, serving 
a succession of patrons, who, it would 
seem, were rather more anxious to ex- 
ploit his genius than to reward it. In 
many ways, his life resembles that of 
Mozart: plenty of appreciation, and no 
lack of hospitality, but probably always 
an acute shortage of cash. Like Mozart, 
his strivings for a measure of independ- 
ence were labelled giddiness by his 
betters: “he is homo exquisitus in 
everything, he has only one fault, he is 
flighty”. 

His end was not a tragic one, per- 
haps because he had the good sense to 
head for England, where in time he 
became something of a celebrity, com- 
mending himself to Mrs Delany and 
the Duchess of Portland, and no doubt 
discovering that nothing is more accept- 
able to the English than an imperfect 
command of their language; for, even 
after thirty years’ residence, he could 
barely make himself understood. In 
view of his reputed flightiness, even the 
daunting task of teaching the daughters 
of the nobility how to draw and paint 
flowers may have had its rewarding 
moments. 

From his arrival in England, in 1736, 
until his death thirty-four years later, 
Ehret’s life seems to have been toler- 
ably pleasant, and was certainly very 
productive. It was not, however, the 
sort of life that was likely to contribute 
to his lasting fame. Much of his 
best work remained unpublished. 
Splendid paintings on paper and vellum 
may have given momentary gratifica- 
tion to the proud owners of stoves and 
exotica, but they were soon filed away 
and forgotten. The published engrav- 
ings, even those in Linnaeus’s Hortus 


Ehret 


Clifiortianus and his own Plantae et 
Papiliones Rariores can scarcely be 
judged more than competent, whereas 
those in Trew’s Plantae Selectae and 
Hortus Nitidissimus are sometimes 
mere travesties of the originals, almost 
as lifeless as the text which they 
accompany. Furthermore, the very 
works which Ehret illustrated ceased to 
be of more than scholarly and historic 
interest once the simple binomial system 
of plant nomenclature had been fully 
grasped. 

Ehret was the contemporary (and 
avowedly the friend) of Linnaeus, but, 
in company with many of his patrons, 
he failed to appreciate the Linnean 
revolution in plant-naming, and con- 
tinued to cling to “pre-Linnean” 
phrase-names long after the publication 
of the Species Plantarum (1753). It is 
for this reason that the writings of 
Miller, Aiton and even the ingenious 
Hill are still valued, whereas those of 
Trew and Weinmann were outmoded 
almost as soon as they left the press. 
Had it not been for the recent revival 
of interest in Ehret as an artist, there 
can be little doubt that his eclipse 
would have been total. In the unsym- 
pathetic world of taxonomy, he is, 
even now, little more than a penumbra. 

Dr Gerta Calmann’s monograph 
should dispel some of the shadows. But 
Ehret is a difficult person to write 
about. He was forever on the move, 
flitting, like one of his butterflies, from 
flower to flower and from patron to 
patron, without leaving any record of 
his activities save numerous signed and 
dated pictures and a brief autobio- 
graphical sketch specially designed to 
ease his entry into the Imperial Ger- 
man Academy of Naturalists. To make 
sense of such a complex and disjointed 
career, it is necessary to plan carefully 
and prune rigorously. Unfortunately, 
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Dr Calmann seems to have caught 
some of the flightiness from her subject. 
The text is widely informative, and 
often entertaining, but however much 
one may be amused by the antics of the 
Marcgrave of Baden-Durlach and his 
troop of female hussars, these, and 
similar digressions, do not help to con- 
centrate one’s mind on the essentials. 
Moreover. the author's frank admission 
that she is not a botanist does not ex- 
cuse the astonishing string of errors on 
p48. Here, we are told that, “Ina flash 
of insight Linnaeus realised that 
stamens and pistils were the sexual 
organs of plants”, that his “artificial” 
system “was superseded finally by Dar- 
win’s theory of evolution”, and that 
Linnaeus “created botanical Latin 
which simplified the identification of 
plants”. Such obiter dicta do not 
necessarily impair the validity of the 
remaining text; but they undermine 
one’s confidence. 

The coloured illustrations, despite 
some, possibly unavoidable, reduction, 
are generally good, certainly very much 
better than many of the reproductions 
which appeared in Ehret’s own life- 
time. They have been selected to span 
almost the whole of his career; and 
although they do not demonstrate any 
remarkable development in skill or 
style, they do, fairly if rather unkindly, 
show the artist at his best and at his 
worst. His quality is certainly uneven, 
some of the plates, especially the Long- 
leaf Pine (pl.46) and the Christmas 
Rose (pl.95) being models of freshness 
and grace, whereas others, notably the 
Rose (pl.7) and more particularly the 
Poker-plant (pl.54) are so wooden and 
opaque that it is hard to believe they 
are by the same hand. The flattened, 
dive-bombing butterflies which appear 
in so many of his pictures are not, to 
my mind, an adornment; out of charity, 
one hopes they were forced on the artist 
to satisfy the catholic tastes of his 
naturalist patrons. 

The monochromes are on the whole 
less satisfactory. Those which are 
allowed a full page are acceptable 
enough, though even here the ‘““Charac- 
ters of Flowers” (pl.75) with its amusing 
reminder of Ehret’s faulty English, 
lacks much of the crisp quaintness of 
the original. The quarter- and half-page 
monochromes lose so much through 
reduction and absence of colour that 
one wonders if their replacement by a 
few additional colour plates would not 
have been wiser. The obscurity of one 
of these little illustrations (pl.16) may 
explain the misidentification of Thorow- 
wax (Bupleurum rotundifolium) as 
Yellow-wort (Blackstonia perfoliata). L) 





R. D. Meikle is on the staff of the 
Herbarium at the Royal Botanic Gardens, 
Kew, UK. 
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the very survival of all Life on Earth. 
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A History of Scientific Endeavour in 
South Africa. (A collection of essays 
published on the occasion of the Cen- 
tenary of the Royal Society of South 
Africa.) Edited by A. C. Brown. 
Pp. 516. (Royal Society of South 
Africa, c/o University of Cape Town, 
1977.) 





manenmane 
On 22 June 1877 in Cape Town was 
founded the South African Philo- 
sophical Society, which on 25 January 
1908 by grant of Royal Charter from 
Edward VII became the Royal Society 
of South Africa. A History of Scientific 
Endeavour in South Africa has been 
written to commemorate the centenary 
of the Society, which is the oldest body 
of its kind in the country—probably in 
the African continent as a whole. 
Edited by A. C. Brown, Professor of 
Marine Biology at the University of 
Cape Town, the book consists of a 
series of historical essays by some of 
South Africa’s leading scientists, re- 
cording the efforts of workers in many 
fields who have broadened knowledge 
and understanding of the South African 
habitat. 

The Foreword by the State President 
describes the book as a tribute to the 
many who have contributed much of 
the basic knowledge and research that 
has made possible the transformation 
of South Africa from the remote and 
little-known land of hunters, pastoral- 
ists and subsistence agriculturalists it 
was in the seventeenth century to the 
economically advanced nation that has 
emerged in the twentieth—one of the 
world’s leading producers of many 
minerals and the leading industrial 
nation in Africa. This may all sound 
a little like advertiser’s copy, but as 
one of the contributors to the volume 
concludes: “It is doubtful whether 
many other countries can show a simi- 
lar growth of scientific institutions and 
of the solid body of original work 
carried out by them, if one takes into 
account the size of the population.” 

Of course, South Africa has in some 
ways had things made for it. The 
enormous mineral deposits have been 
provided by Nature, even if exploited 
by man. The clear skies have attracted 
the astronomers and the wealth of wild- 
life the biologists. Not only is the wild- 
life extremely rich and varied but many 
of the species are endemic, due to the 
relative long isolation of parts of South 
Africa by desert from the rest of the 
continent. It is interesting to read that 
even in the early 1800s there was a 
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considerable demand for South African 
wild animals in Europe, and their ex- 
port, both dead and alive, was a profit- 
able business. Gone are the days when 
the springbok trekked over the Karoo 
in vast herds to the delight of the 
hunter. Wildlife conservation is rather 
better arranged today, and the game 
reserves of South Africa must rank 
amongst the best managed in the world, 

More academically, in Australo- 
pithecus africanus, South Africa has 
fulfilled Darwin’s prophecy that Africa 
would prove to be the home of the 
‘missing’ link, and lately evidence of 
the presence of the more advanced 
Homo habilis has come to hand. The 
Karoo Formation is also remarkable 
for its wealth of unique fossil reptiles 
and the east coast waters for the 
coelacanth. 

Inevitably, many of the chapters read 
like a catalogue of names and events 
which for the average reader will prove 
difficult to assimilate. Nonetheless it is 
impossible not to perceive the steady 
growth through the years of the various 
scientific disciplines from the incredibly 
primitive to the sophistication of the 
present day. The early settlers suffered 
grievous losses of crops and stock due 
to unfamiliar pests and disease, Pains- 
taking veterinary and agricultural 
research has overcome many of these 
problems, vastly extending the extent 
of habitable country. Institutions such 
as Ondersterpoort, built up by the re- 
doubtable Theiler, have a worldwide 
reputation. 

Proper medical education in South 
Africa only began in 1912. Yet today, 
the Medical Schools of Cape Town and 
the University of the Witwatersrand 
stand amongst the best. Xenopus laevis, 
the South African clawed toad, has 
made its mark in modern molecular 
biology; but to a wider public the dis- 
covery in Cape Town in 1933 that 
Xenopus could be used for a bioassay 
for human pregnancy has possibly been 
of greater significance. 

The exploitation of mineral resources 
naturally has stimulated engineering 
and metallurgical research. Rockbursts 
have to be understood if they are to be 
avoided. Pursuit of the gold bearing 
reefs to ever increasing depths has 
given South Africa unique experience 
of the engineering problems of deep 
level mining and the health hazards 
involved. Mining is a great consumer 
of energy, but South Africa is blessed 
with 60% or more of all African coal 
resources; and neighbouring territories 
have considerable hydroelectrical 
potential. We may no longer dream of 
a Cape to Cairo rail link, but electrical 
reticulation of southern Africa is today 
of considerable logistic Significance. 
Lack of oil is the Achilles heel of the 
South African economy. In the SASOL 
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From the Preface... 
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genetics have implications for human genetics: it thus 
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From the Preface... 


“The Atlas of Insect and Plant Viruses” is a companion 
volume to “Ultrastructure of Anima! Viruses and Bac- 
teriophages: An Atlas,” edited by Dr. Albert J. Dalton 
and Dr. Francoise Haguenau, published by Academic 
Press in 1973. It includes a description of viruses in- 
fecting insects, higher plants, fungi, mycoplasmas, and 
Spiroplasmas, The smallest recognized disease agents, 
viroids, have also been included, although they are not 
classified as viruses. The contributors have presented the 


information available on the ultrastructural aspects of 
viral replication and the organization of the virion in the 
diverse groups. 
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FROM THE PREFACE: 
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nisms and control of muscle contraction, molecular and 
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Computer Methods for 

Mathematical Computations 

G. E. Forsythe, M.A., Malcolm and 

G. B. Moler 

An innovative text on numerical methods 
used in scientific computation, this highlights 
ten FORTRAN sub-routines for the computer 
solution of mathematical problems. These 
involve matrices, integrals, zeros and 

extrema of functions, least squares, and 
Monte Carlo techniques. Exercises can be 
applied to problems in physics, engineering, 
ecology and statistics. 

1977 c.304pp £12.75 


The Architecture of Concurrent Programs 
Per Brinch Hansen 

Presents a systematic method for developing 
reliable, concurrent programs in a structured 
language. It includes the complete program 
text of three mini-computer systems and 
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H. S. Andrews and B. R. Hunt 

‘Gives a vivid idea of what is happening in 
computer image processing and of the 
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1977 238pp £19.95 


Applications of Digital Signal Processing 
Alan V. Oppenheim 
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range of applications, such as 
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A Cognitive Analysis 

J. G. Greeno, C. T. James, F. DaPolit 

and P. G. Polson 7 

An alternative argument to the associationist 
thesis, this new work applies concepts of 
storage and retrieval of relational information 
to our understanding of associative learning. 
1978 c.256pp £11.15 


Psychopharmacology in the Practice 
of Medicine 

Murray E. Jarvik 

A primer of interest to psychiatrists and 
clinical psychologists, this covers 
psychopharmacology in the practice of 
medicine; experimental psycho- 
pharmacology; clinical psychopharmacology 
(in which the rationale for drug treatmentis 
presented); as well as a section on drugs 
of dependence. 1977 553pp £16.40 


image Formation and Cognition/2E 
Mardi J. Horowitz 

Summarises visual imagery experiences and 
all their dimensions, ranging from 
hallucinations to everyday thought images, 
from dreams to common memories. After 
giving a clear description of the variety of 
mental images, and the circumstances that 
increase imagery, the book goes onto deal 
with all the psychological and 
neurobiological factors that influence image 
formation. 1978 c.400pp £15.15 
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Two views of Scottish geologist, James Hutton (1726-1797) 


Nature Vol. 270 10 November 1977 
coal to oil process the country seeks 
self-sufficiency both for oil and petro- 
chemicals, 

A final chapter is devoted to the 
history of the Royal Society itself. It 
is amusing to find that in 1902 and 
1905 the Society made a strong case 
for metrication of weights, measures 
and coinage in South Africa, an 
attempt that failed due to pressure 
exerted in the British Parliament. The 
Society was 60 years too early. 

It is impossible to summarise in any 
meaningful way the mass of detailed 
material contained in this volume. To 


Book Review Supplement 


anyone with an interest in South Africa 
or in the historical concept of how a 
country can develop scientifically the 
book is a must. The Royal Society of 
South Africa is to be congratulated in 
seeking to put together for the first 
time the fascinating story of the growth 
and discoveries of science in southern 
Africa. Into an atmosphere of political 
gloom and frustration it injects a note 
of human achievement and cheer. 


— 





K. L. 


Manchester is Professor of Bio- 
chemistry at the University of the 
Witwatersrand, Johannesburg, South 


Africa. 
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The Making of Geology: Earth Science 
in Britain, 1660—1815. By Roy Porter. 
Pp. 288 (Cambridge University: Lon- 
don, Cambridge and New York, 1977.) 
£8.95, 





Most Earth scientists are conscious of 
the great conceptual integration that 
plate tectonic theory has brought to 
their science in the past two decades. 
In retrospect, the immediately preced- 
ing period seems like a time of relative 
Stagnation or, at best, of several dis- 
parate disciplines evolving in relative 
isolation. 

This situation is not unlike an earlier 
period, to which historically conscious 
geologists often look back to find the 
origins of Earth science as a whole. 
In doing so, however, they generally 
adopt an historical interpretation that 
was itself a product of that period. 
The scientists who first gave ‘geology’ 
its institutional and cognitive identity 
in the early nineteenth century looked 
back to the eighteenth and late seven- 
teenth centuries as a period of be- 
nighted obscurantism or fanciful specu- 
lation, relieved only by a few isolated 


pioneers or forerunners of their own 
approach. 

This is the interpretation that Dr 
Porter has set out to demythologise. 
His book is a conscious piece of his- 
torical revisionism, yet in no sense 
is it a facile exercise in debunking. 
His starting point is the striking dis- 
crepancy between the negative evalua- 
tion that nineteenth-century geologists 
gave to the work of their predecessors, 
and the actual content and scope of 
that work. The latter is reconstructed 
by historical analysis of an impressive 
array of published books and articles, 
unpublished field notebooks and cor- 
respondence, and other material, illu- 
strated by often fascinating quotations. 
Dr Porter suggests, in my opinion 
persuasively, that early nineteenth- 
century geologists rejected or disowned 
the past history of their subject, be- 
cause they felt they had successfully 
constructed a self-sustaining social 
enterprise with a new research pro- 
gramme of unlimited potentialities— 
significantly, the very word ‘geology’ 
only came into general use at that time. 
They contrasted this with the relatively 
undirected and even confused activities 
of their predecessors. Failing to see 
how these activities had been an in- 
dispensable precondition for their own 
work, they exaggerated the contrast 
into an almost total discontinuity. 

Making is the key word in Dr 
Porter's title and in his interpretation. 
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Although the Earth was in an obvious 
sense always ‘there’ to be studied, the 
body of theoretical ideas and practical 
techniques that characterised the new 
science of geology was constructed out 
of the choices and decisions of individ- 
uals and groups in specific historical 
circumstances. To put it another way, 
the manifest heuristic success and 
cumulative character of the mature 
science of geology since the early nine- 
teenth century is a historical phenom- 
enon that calls for explanation, just 
as much as the ‘failure’ of earlier 
generations to create such a self- 
sustaining enterprise. 

Dr Porter’s approach is one in which 
the traditional dichotomy between 
‘internalist’ and ‘externalist’ history of 
science is shown up in all its sterility. 
It is pointless to trace the growth of a 
community of like-minded ‘geologists’, 
or the reasons why that group de- 
veloped when and how it did, without 
analysing the theories and techniques 
to which their likemindedness was 
directed; but the converse—the style of 
traditional ‘internalist’ history of 
science—is equally futile. Dr Porter 
succeeds admirably in blending context 
and content into a single integrated 


interpretation. 
This book is not, and does not claim 
to be, a definitive or exhaustive 


description of all the research that was 
carried out during the period 1660- 
1815, even within Britain. It is a 
Suggestive outline of a new way of 
looking at the early history of the 
earth sciences. The first appearance of 
a self-conscious science of geology is 
not seen as a product of an intrinsic 
progressiveness of knowledge or of the 
genius of a few pioneers—interestingly, 
the Scottish natural philosopher, James 
Hutton, still sometimes called ‘the 
founder of modern geology’, is shown 
to have been somewhat isolated from 


the mainstream development of the 
science. Instead, the emphasis is on the 
purposeful construction of an in- 


tegrated discipline with clearly defined 
methods and—at first—quite narrowly 
limited cognitive aims; and this con- 
Struction is seen as the work of indi- 
viduals and groups working in specific 


circumstances that constrained the 
social forms in which their activity 
was embodied. 

The geology that had thus been 


‘made’ by the early nineteenth century 
is recognisably continuous with the 
earth science of today, even after its 





most recent ‘revolution’. Dr Porter's 
account of this construction can be 
warmly recommended to all Earth 
scientists who are interested in the 
foundations of their science. [] 
M. J. S. Rudwick is Professor of the 
History of Science at the Free University, 
Amsterdam, The Netherlands. 
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Wittgenstein and Scientific Knowledge: 
A Sociological Perspective. By Derek L. 
Phillips. Pp. 248 (Macmillan: London, 
1977.) £10. 





Tue aim of Professor Phillips’ book is 
to bring Ludwig Wittgenstein’s philo- 
sophical work to the attention of 
sociologists, in the belief that it has 
something to contribute to issues which 
exercise them. It is concerned mainly 
with certain issues in the general 
philosophy of science which have re- 
cently come to the fore in the conflict 
between the hitherto dominant posi- 
tivist and Popperian conceptions of 
science and the work of such writers 
as Thomas Kuhn and Paul Feyerabend. 
These issues touch the work of sociol- 
ogists most directly in the area of 
‘sociology of knowledge’, stemming 
from Karl Mannheim. As Phillips ob- 
serves and brings out, many of Witt- 
genstein’s ideas are very germane to 
such issues: particularly, the notes he 
wrote towards the end of his life pub- 
lished in On Certainty. The two issues 
in the philosophy of science and 
sociology of knowledge on which the 
book under review focusses most 
directly are: (1) relativism and the 
claim, arising especially out of Kuhn's 
work, that theories separated by a 
‘scientific revolution’ are incommensur- 
able; (2) where does authority lie in 
science: who, that is, decides what is 
respectable science and what isn’t? 
Phillips has interesting things to say 
about both these topics, especially the 
first, though his treatments of them are 
not entirely consistent with each other. 
But I shall return to this point later. 
The structure of the book is loose 
and not altogether perspicuous. There 
are chapters which are exclusively ex- 
pository of some of Wittgenstein’s main 
philosophical ideas; chapters in which 
some of these ideas are brought to bear 
directly on those issues in the sociology 
of knowledge in which Phillips is most 
interested; a chapter in which those 
issues are treated without explicit refer- 
ence to the relevance of Wittgenstein’s 
work to them. Overall, this gives an 
impression of  disjointedness: the 
various issues discussed do indeed have 
important interconnections, but they 
are too often presented in indigestible 
chunks, and not enough work has been 
done to work them into a coherent 
whole. This is especially true of the 
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relationship between the first chapter 
on ‘Wittgenstein the Man’ and the ex- 
position of his philosophy. 

Phillips touches on an important and 
difficult tangle of problems when he 
claims that there is an “intimate link 
between [Wittgenstein’s|] life and his 
work”, but he does not really attempt 
to clarify them. He relies very un- 
critically on sources concerning Witt- 
genstein’s life which are less than im- 
pressive, such as W. W. Bartley III's 
Wittgenstein, some of whose extrava- 
gant claims are accepted as gospel, 
without any allusion to the surely justi- 
fied doubts of many reviewers of that 
book about the quality of the evidence 
adduced in support of those claims. 
More importantly perhaps, he shows no 
signs of having reflected on any of the 
really puzzling questions about the re- 
lationship between a man’s life and his 
work of the sort raised for instance, 
by Rush Rhees in his discussion of 
Bartley’s book in The Human World. 
Yet those questions, one might think, 
have a direct bearing on the issues in 
the ‘sociology of knowledge’ which are 
at the centre of Phillips’ interest. 

| am not sure how useful the very 
compressed account of Wittgenstein’s 
early and later philosophy will be to 
those to whom it is addressed. 1 doubt 
if it will be very intelligible to people 
who are not already pretty familiar 
with the issues involved and, though 
the presentation is superficially lucid, 
there are a number of more or less 
serious examples of carelessness of 
which the following are just examples. 
On page 30 it is said that, according to 
Wittgenstein’s Philosophical Investi- 


gations, “Nothing exists outside of our 
language and actions which can be used 
to justify, for example, a statement’s 
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truth or falsity’. It is true that Witt- 
gensein opposed the view that there 
need or could be an “external” justifi- 
cation of the grammar of our language; 
and also that he thought this grammar 
required a certain “agreement in 
judgements”; but this does not mean 
that he denied the possibility of estab- 
lishing the truth or falsity of any state- 
ment by reference to things which exist 
independently of us and our linguistic 
practices. Again, Phillips writes, on 
page 82. that according to Wittgenstein 
“it is a contingent fact that the con- 
cepts of pain and grief connect up with 
a certain uniformity of judgement 
among human beings”. Clarity about 
what is contingent and what is not is 
of the essence in such issues: what 
Wittgenstein said is contingent is that 
there should exist the sort of ‘“‘uni- 
formity of judgement” among human 
beings which makes it possible for them 
to have concepts such as grief and 
pain; mor that, given such uniformity 
of judgement, men’s concepts of grief 
and pain connect up with it. I am 
afraid that slips of this sort, about quite 
fundamental issues, may seriously mis- 
lead the newcomers to Wittgenstein’s 
philosophy to whom, I take it, the book 
is addressed. 

Chapter 5 seems to me the best. It 
deals with claims about the incom- 
mensurability of scientific theories in- 
volving different “paradigms” arising 
out of the work of writers like Kuhn. 
Here, Phillips makes illuminating use 
of Wittgenstein’s view that the language 
of scientific theorising has a continuing 
dependence on the language of every- 
day life; and he connects this usefully 
with Wittgenstein’s discussion of the 
distinction between “seeing’’ and “‘see- 
ing as” (or “seeing an aspect”). This 
chapter deserves attention by anyone 
interested in the questions surrounding 
the notion of incommensurability of 
theories. I hope readers will not be mis- 
led by Phillips’ idiosyncratic use of the 
term ‘‘meta-language”™’ in speaking of 
the relationship between the language 
of everyday life and the languages of 
the sciences. His conception has 
nothing in common with that expressed 
by the established technical use of 
“meta-language” amongst philosophers 
of language and logicians influenced by 
Tarski. 

Chapter 7 has some useful material 
on the power structures of scientific 
institutions and their role in the “‘vali- 
dation” of scientific theories. Phillips 
surely goes too far, however, when he 
claims that the individual scientist's 
“explanatory achievements are fully 
[my emphasis] dependent upon the 
judgements of the scientific community 
or the speciality area in which he 
works” (page 40). This would lead back 
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to the type of relativism which earlier 
chapters were designed to avoid; and 
Phillips here forgets his own correct 
contention that the technical languages 
spoken by “scientific communities” are 
not fully autonomous, but depend for 
their sense on a relationship to the non- 
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technical language used in the wider 
human community to which they be- 
long. A particular scientific elite is not 
a court beyond which there is no 
appeal. EA 
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Peter Winch is Professor of Philosophy at 
King's College, University of London, UK. 
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eS 
On the 150th anniversary of his birth 
and a mere 65 years after his death, 
Joseph Lister has already become an 
extremely remote, almost legendary 
figure. Even in his lifetime, during the 
40 years of fame when every con- 
ceivable honour came his way, Lister 
appeared aloof and enigmatic. Little 
or no insight into his personality can 
be gained from the only two full-length 
biographies available until now, that 
of G. T. Wrench published in 1913, and 
the official one by Lister’s nephew, 
Sir Rickman Godlee, which first 
appeared in 1917. Happily, the new 
biography by Richard Fisher deals fully 
not only with Lister’s varied scientific 
and surgical work, viewed from the 
perspective of our own time, but also 
with Lister the man. Drawing on a 
considerable volume of unpublished 
correspondence, diaries and laboratory 
notebooks, the author’s portrait will 
reveal for most readers an unexpectedly 
complex individual. Certainly, the 








popular view of Lister as the serene - 


benefactor of mankind whose work on 
antiseptic surgery was greeted with 
universal acclaim has long needed cor- 
rection. A glance through the editorial 
and correspondence columns of the 
Lancet and British Medical Journal 
from 1867 into the 1880s shows Lister 
to be at the centre of polemics—many 
of his own making and not all con- 
cerned with antiseptic surgery. 

Lister was fortunate in his back- 
ground—a congenial quaker family 
originating in Yorkshire, quaker friends 
such as Thomas Hodgkin and Elizabeth 
Fry who were devoted to science and 
philanthropy. and a prosperous wine 
merchant father, Joseph Jackson Lister. 
who by 1830 had made fundamental 
contributions to microscopy and was to 
become a life-long mentor and confi- 
dant of his son. As a student Lister 
performed extremely well at University 


Lister at Glasgow in 1865 


College, London until 1847, when he 
underwent a religious crisis and in 
March 1848 suffered a severe ‘nervous 
breakdown’ of a depressive nature, 
which prevented any further work for 


18 months. Although he eventually 
made a good recovery, Lister sub- 
sequently was afflicted by recurrent 


self-doubts and a type of paranoia. His 
biographer convincingly uses psycho- 
logical analysis to explain the paradox 
of a man who was gentle. kind, 
chivalrous and in many ways noble, 
but who was often publicly tactless, 
obtuse and, for example, an implacable 
opponent of the entry of women into 
medicine. Fortunately, Lister's mar- 





riage, though childless, was extremely 
happy. His wife (a non-quaker) was his 


constant support, amanuensis and 
laboratory assistant. Moreover, in the 
stormy early days when Lister was 
under frequent attack in the medical 
journals he had the consolation of 
regular support from the young journal 
Nature. 

Lister's scientific work is, in general, 
well reviewed. The early studies on 
involuntary muscle, inflammation and 
blood coagulation earned him, at the 
age of 33, a Fellowship of the Royal 
Society—where he joined his father and 
was eventually a most distinguished 
President. Most of this work was 
primarily carried out to provide 
material for Lister’s undergraduate 
lectures. Using the microscope per- 
fected by his father, Lister over a 
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ten-year period made meticulous 
observations on various contractile 
tissues and on the effects of irritants 
on the microcirculation of the frog’s 
toot web. He greatly clarified the early 
events in inflammation by describing, 
in sequence, arteriolar constriction, 
slowing of blood flow and increased 
adhesiveness of erythrocytes—the latter 
having been first observed in vitro by 
his father and Thomas Hodgkin in 
1827. Simultaneous changes in the pig- 
mentation of the foot web underlined 
for Lister the truth of John Hunter's 
belief that inflammation was an active 
process. Similarly, blood coagulation 
was also shown to be a series of pro- 
cesses governed by tissue and vascular 
factors and not due, as was widely 
believed, to the passive loss of a 
‘liquefier’ such as blood ammonia. 

Lister always held that this work was 
his major scientific contribution: bac- 
teria, which were so prominent in his 
later work, were simply specific irritants 
that triggered off inflammation and, 
occasionally, intravascular coagulation. 
To most modern observers, however, 
his pioneer microbiological researches 
from 1868 until the mid-1880s seem far 
more important. They were not only 
crucial in the battle against abiogenesis, 
but provided much-needed scientific 
support for Lister’s ‘Antiseptic System’, 
which was at first extremely vulnerable 
at the hands of informed opponents. 

Adequate attention is given in the 
book to Lister’s technical achievements, 
including his method of obtaining in 
1877 a pure bacterial culture by serial 
dilution. But the author in discussing 
the complex early studies on bacteria 
and fungi misses the extraordinary fact 
that Lister observed the antibacterial 
action of Penicillium species in 1871, 
and later used crude penicillin prepara- 
tions in treatment. 

Unfortunately, the book contains 
many medical and medical historical 
solecisms. For instance, jaundice is not 
synonymous with hepatitis, pin-worms 
do not cause skin disease (‘ringworm’ 
does). hospital gangrene was not due 
to soil-borne bacteria, and hydrocele 
is not a testicular growth. William 
Harvey published in the seventeenth, 
not the sixteenth century; Sir James 
Simpson worked in Edinburgh, not 
Aberdeen: Ehrlich’s great chemo- 
therapeutic work was on arsenicals, not 
mercurials; and Behring was certainly 
not a colleague of Pasteur. Although 
these and other blunders are irritating, 
Mr Fisher has written a definitive 
biography of a remarkable man. Such 
a book has been long awaited and is to 





be warmly welcomed. oO 
Sydney Selwyn is Reader in Medical 
Microbiology at Westminster Medical 


School, London, UK. 
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NOBEL PRIZES are news and not merely 
because the money is of the order of a 
middle-sized pools win. The awards 
make not only The Times but the BBC 
news and The Mirror as well. National 
Statistics of Nobel Prize winners are 
counted anxiously as a measure of 
scientific health. The Prize is seen as 
the apotheosis of a scientist’s career, 
and the equality of opportunity with 
which graduate scientists are supposed 
to start up the hierarchical ladder em- 
phasises the myth that, like napoleonic 
field-marshals, the laurels are in every 
Ph.D. student’s lab-coat. 

Nobel Prize winners are the nearest 
equivalent in science to archbishops, or 
pop or movie stars (barring the age- 
differential, of course, so far as the 
latter are concerned). They are invited 
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to serve on government committees in- 
differently, more-or-less, to the actual 
subject-matter of their expertise: the 
media hang on their words; films and 
TV plays are made about them. They 
pronounce with authority on subjects 
as diverse as ethics and ecology, the 
limits of human intellect and of. in- 
dustrial growth. 

No appeal for humanitarian causes, 
whether a paid advertisement in the 
western press or a smuggled samizdat 
letter, is complete without the mystic 
imprimatur. Clearly, the phenomenon 
of the laureate is one of some im- 
portance in understanding the social 
system of science, whether considered 
from the point of view of the internal 
‘community’ of scientists themselves or 
its relationship to the wider social 
matrix within which it is embedded 
and which it helps shape. 

For the sociologist, I would guess 
that the problem of the study of elite 
groups must be considerable. Their 
numbers are small and individuals 
easily identified so that generalisations 
are harder; they are likely to be less 
amenable to standard procedures of 
interview or questionnaire than the less 
illustrious subjects who generally form 
the core of sociological specimens, and 
this must put the researcher’s relation- 
ship with his or her subjects on a dif- 
ferent (more deferential?) footing. 
Also, the objects of one‘s survey are 
actually likely to read what one writes 
~~and if they don’t like it, they have 
. . Perhaps it is for this 
reason that the poor are more often 
studied than the rich? 

Despite these problems, some of 
which she discusses, Harriet Zucker- 
man has been attempting, since the 
early 1960s, a dissection of the 
anatomy of the Nobel elite, or at least 
that not inconsiderable fraction of it 
which is resident in, and preferably 
born in, the US. She began by inter- 
viewing some 41 of the 56 laureates 
alive in the US in the early 1960s, and 
has subsequently extended her survey 
backwards to the first US laureate, and 
sideways to holders of what she calls 
the ‘“4ist chair’’-—scientists whose 
work is rated as of “Nobel quality” 
but, for varying reasons, were never 
awarded the Prize. Through some 200 
pages of ther book this tiny group are 
tabulated and cross-tabulated. 

We learn that American laureates 
are more likely than the average re- 
searcher to come from an upper-class 
background (rating below supreme 
court justices, but above admirals and 
generals); more likely to be of Jewish 
and less likely to be of Catholic parent- 
age (for complex reasons); more likely 
to have gone to elite colleges as under- 
graduates and especially as Ph.D. 
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students; and quite likely to have been 
chosen by, or opted to work with, a 
present or future laureate early in their 
career. They have written more papers, 
more often cited, than the generality 
of scientists or even other lesser- 
prestige groups, such as NAS members. 
They were promoted earlier to Chairs. 
They are likely to have done their 
prize-winning work at around 39 (older 
for the physiology or medicine prize, 
younger for the physics one) but only 
get the Prize some 12 years later. Half 
of the prizes have been won for work 
carried out in five US institutions. 

Once they have received the Prize, 
their productivity tends to decline, but 
still remains high compared with other 
scientists. They accumulate many more 
honorific awards; they help construct 
new laureates; as they grow older, 
many turn towards philosophy. 

There are a number of possible 
reactions to this careful compilation of 
data; for many professional scientists, 
it is likely to be an unsurprised ‘‘so 
what? ”, as they see so many of their 
rule-of-thumb  categorisations con- 
firmed, coupled with an enjoyable 
guessing game as they try to assign the 
unattributed quotes with which the 
Zuckerman text is enlivened. For the 
empirical sociologist of science, it is 
pleasing to see such a pretty working 
out of what Zuckerman’s mentor, 
R. K. Merton, has called ‘The 
Matthew effect” in science-—-to him 
that hath, more shall be given: a 
maxim which clearly applies both to 
impending laureates and the institu- 
tions in which they work. 

In addition, by showing convincingly 
that the Nobel award is neither a pure 
accolade of merit or part of a self- 
fulfilling prophesy, but is a combina- 
tion of achieved and ascribed glory, 
Zuckerman has gone a little way to- 
wards demystifying the Prize. Laur- 
eates are neither born nor made, but 
are produced by one of those well 
known but little understood inter- 
actions. She has thrown up some 
further empirical ‘puzzles’, such as that 
of the religious background of laur- 
eates, and provided a basis for the 
comparative study of scientific and 
other elites (for instance, between 
science and literature Nobel laureates?). 

One cannot help feeling, however, 
that this type of approach leaves many 
of the central questions untouched. 
The Prize glorifies the individual scien- 
tist, yet in an era of big science, where 
production, particularly of physics, has 
become virtually industrialised, most 
research has become teamwork. Teams 
cannot win Prizes-—except, it seems, 
for peace. So, either they are un- 
rewarded or some of their members are 
singled out—theoreticians rather than 
experimentalists, generally; professors 
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Complexes & First Row 
Transition Elements 


D. NICHOLLS 


An introductory text for students making their 
first detailed study of transition element 
chemistry. It concentrates on the first member 
of each group, since their properties differ 
significantly from those of subsequent members. 
The first part of the book deals with the chemistry 
of complexes—a topic of central importance to 
the study of transition elements. Throughout the 
text emphasis is placed on the properties and 
reactions of metal aquo-ions and the donor- 
acceptor properties of transition metal 
compounds. 
£3.95 paperback 


The Heavy 
Transition Elements 


S. A. COTTON AND F, A. HART 
A detailed account of all the transition elements 
except the first row (3d series). The book 
features a discussion of lanthanides and 
actinides, with emphasis on recent advances in 
their structural chemistry. 


hardcover £8.95 paperback £4.95 
To order a copy of either of these books, please send the 


correct amount plus 509 per volume carriage, to Technical 
Book Services, P.O. Box 79, Maidenhead, Berkshire SL6 
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PRESS 











Pitman Medical 


THREE DIMENSIONAL 


RECONSTRUCTION IN BIOLOGY 
The Late W. A. GAUNT and P. N. GAUNT 


First published under the title ‘Microreconstruc- 
tion’ by the late Dr. W. A. Gaunt, this book was a 
unique and highly significant work embodying 
the experience of a distinguished career. Since 
then, several new techniques such as 


cinematography, stereo-photography, holog- 
raphy and stereology have been developed. 
Therefore the book has been revised and 
up-dated and added to by the original author's 
son. 


The book remains the only one on the subject of 
3-D reconstruction in microscopy. It is very 
specialised and of the highest level. A 
comprehensive bibliography is included. 
Postgraduate researchers and senior workers in 
the biological sciences, especially Human 
Anatomy, will regard this book as a necessary 
addition to their libraries. 


168 pages Cased £9.00 net 
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The CUBISM of 


IDEAS 


MANIFESTO 


Copyright 1973 & 1974 by MORRIS REDMAN SPIVACK, the originator 
Poste restante, Reykjavik, iceland 


IT is seit-evident that a theory of knowing Nature must have the same structure as Nature itself, 
but what is the “structure of Nature’? The recognition of this structure was delayed for these 
many centuries and millenia only by the late development of physics (particularly theoretical 
physics) and the lack of a parallel or integral dialectics. Bul at last, in the CUBISM of IDEAS, 
which | have by great good fortune discovered, we have the basic principle in hand! 

THE ACT of REASON- 

There is a blind apot in the dialectics of Aristotle, Hegel, Marx, Engels and Mao —~ “every idea 
implies an opposite idea” is only half the truth, every pair of ideas implies an opposite pair of 
ideas, Not two units but fourare necessary to constitute the act of reason. In the constitution of 
light, we have magnetism (bipolar) and electricity (plus and minus) « 4 terms. in my theory of 
knowledge (also), ideas are quadratic, not dual! 

The CUBISM of IDEAS is absolutely fundamental in all the arts and sciences. It also mediates 
between the physical and metaphysical worlds. it has deep roots in the soul or the religious 
instinct of man, which cannot be ignored in psychology — as Cari Jung demonstrated, and as 
depicted in the mystical scriptures and art of the great religious faiths, and even in primitive 
cosmogGies. 

It provides us with a faithful mirror of reality and at least a metaphor of ultimate truth. it 
connects physical, psychological, and spiritual reality thru their common fundamental structure 
— and therefore provides the foundation for a new psychology of the future, as well as a new art, 
which will give society its true and pre-destined dialectical unity. 

Any perception is already dual, because every percept is viable only with reference to the 
background out of which it arises and from which itis distinguished. Even so it is only on the level 
of the nerve-sensor ~~ commanding a reflex but no more. Integrative thinking, which is the 
integration of percepts. is theretore necessarily at least quadratic, and all knowledge, whether 
conscious, unconscious or subconscious. is quadratic al base. 

By raising and aiso limiting the dialectics to four numbers or dimensions, but maintaining a 
symmetry of 2/2 so that pairs can cross each other, | universalize the dialectics, and elevate it to 
equivalence with physical law. This is the double dialectics... the first arri only basic advance in 
the dialectics in 3,000 years. The interpenetration of two pairs of ideas in the double dialectics 
brings the cubism of ideas into existence. 

The CUBISM of IDEAS gives knowledge photonic form. H you want to believe that knowledge 
is light, then you must admit the existence of photons of thought or quantums of reason. 

Pairs of ideas tuse or disengage in these photons or quantums of reason. In doing a0 they gain 
or release energy. This energy is measured by the power of the ideas to influence our thoughts, 
not in “ergs”. When idea-pairs unite, we imagine there is a spark — new knowledge always 
appears to us like a flash. This might be compared to the photon of light released when an 
electron jumps orbit, or is tansformed to light by collision, thought is incandescent .. . it is 
iHurmination . 

The photon of thought appears in memory as the “light of experience’ or the “ligntof the past. 
Below the surface, it is the substance of dreams and intuitions. 


The CUBISM of IDEAS controls the higher mental processes, permeates the subconscious, 
turns chaos perpetually into order, and forms the very fibre of Gur intuitions. . 

if not for dialectical control, we could not stand upright! And not only the mind, but the entire 
body (dancers may note) is a dialectical matrument. 

Man is a partof Nature, with its wonderful waterfalls. ard oceans, trembling mountains, roiling 
plains, shooting stars, and spiraling galaxies. Bul he is an intelligent part = ard his thinking 
continually transforms the world. Structural fitness is one of the criteria of truth. Are we fit for our 


‘environment? Yes, for our natural environment. The degradation of the environment comes from 


the fact that we have not yet learned how to make our minds work as if Nature herself were 
diracting our enterprises. Therefore, we must take the problem of the structure of knowledge 
Ser igualy. 

There wil be many men in thetuture who will be able to use the new dialectics in grand leaps of 
the imagination and with fantastic effectiveness. it is the greatness of the theory of relativity that 
the formula holds good for all substitutions of co-ordinates. in the CUBISM of IDEAS, the 
structure holds good for all substitutions of terms or pairs of terms. 

Einstein figured the physical universe as pure geometry. if we believe this to be true, we 
should try to utilize this geometry in our art. There is no other way in which this can be done but 
by the CUBISM of IDEAS. By this means our art will reflect atleast a bit of the ul timate reality. 


The CUBISM of IDEAS is as important tor modern art as was the discovery of the “golden 
number" {or golden proportion} by the ancient Greeks. If is a philosophy of art face to face with 
elemental Nature — at the very sources of experience. Such an art shares with Nature her eternal 
qualities. 

Disorder and chaos inour outer and inner worlds arises from errors of thought — the break with 
the universal. But it is not Nature that is awry, but we. If we pul order into our thinking, we shall be 
able to restore order into aur worid. 

Mankind needs beauty as the Earth needs rain. Beauty itself is a massage to mankind (the 
voice of Nature}. The CUBISM of IDEAS is a theory of beauty. For the sources of beauty you have 
to look depp — seek contact with universal truths. The CUBISM of IDEAS gives art its inner light. 
it is the implications hidden in the concrete — the real hidden in the abstract ~~ it is the 
quadrate-essence of philosophy and science, aesthetics and art. 

it is the metaphor of metaphors. selt-revealed at the very moment when you most need it and 
least expect it it telis you secrets of the things you see and hear ~~ gives you a glimpse of the 
ultimate realities. l 

itis a unity of unities — its tools are thesis and antithesis in double array. 

Pairs of ideas act on each other like flint on flint to produce the spark of enlightenment. itis the 
most modern means of expression for all the arts — with infinite applications waiting to be made 
itis itself an inexhaustible well of inspiration (as | have experienced if). For these reasons The 
CUBISM of IDEAS is the herald of a new renaissance in all the arts. 


The CUBISM of IDEAS, 18pp. script, offset folio, unbound. $5.00 (U.S) per copy, by sea mail (air extra). CENTRUM MUNDI for EXPERIMENTAL DIALECTICS and the 





CUBISM of IDEAS, Morris Redman Spivack, Founder, Poste Restante, Reykiavik, iceland. 
The above is an EXTRACT from PART i of the MANIFESTO. 
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service to readers throughout the world. 


SEERA 


To obtain one or more of the titles listed opposite (all 
recently reviewed in Nature) simply complete and 
return the order form (or a photocopy) or write giving 
full details. Orders must be accompanied by a cheque 
(personal or otherwise), postal order or money order for 
the total cost. Postage (surface mail) and packing 
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BARRETT, R. & Nuclear Sizes and Structure Oxford £17.50 10 Nov. 
JACKSON, D. F. 
(Not available to N. America, Australia, New Zealand and South Africa) | 
BILLINGHAM, N. Molar Mass Measurements in Polymer Science Kogan Page £13.50 6 Oct, lee oe 
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BLAKEMORE, C. Mechanics of the Mind Cambridge £10.50 IONOV; sees 
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. k (Paperback) . 
BURCKHARDT,R. The Spirit of System: Lamarck and Evolutionary Biology Harvard £11.55 10 Nov. 
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CALMANN, G. Ehret, Flower Painter Extraordinary Phaidon £16.00 10 Nov. 
CAMILLERI, J.A. — Civilization in Crisis Cambridge £7.50 | 10 Nov. 
(Cased) 
£2.50 
(Paperback) 
CLARK, R. W. Edison, The Man Who Made the Future Macdonald & £6.95 10 Nov. 
Jane’s 
COOK, A. H, Celestial Masers Cambridge £7.50 10 Nov. 
COOKE, R. The Biology of Symbiotic Fungi Ww iley £11.30 13 Oct. — 
ESAU, K. Anatomy of Seed Plants (2nd Ed.) (WIE) Wiley £6.75 22 Sept. EEEE 
FISHER, R. B. Joseph Lister Macdonald & £7.95 10 Nov. 
Jane's 
FRIEDLANDER,S. Smoke, Dust and Haze; Fundamentals of Aerosol Behaviour Wiley £1135 6 Oct. é 
K. 
EROESE FISCHER, The Hartree-Fock Method for Atoms: A Numerical Approach Wiley £17.20 13 Oct. 
CG l 
GRIBBIN, J. White Holes, The Beginning and End of Space Paladin £1.50 10 Nov. 
HALLAM, A. (l Planet Earth Phaidon £7.95 10 Nov, 
HARRISON, G. Population Structure and Human Variation (International Cambridge £17.50 29 Sept. 
(Ed) Biological Programme, Vol 11) 
HEDVIG, P. Dielectric Spectroscopy of Polymers Adam Hilger £17.50 13 Oct. EN 
(Not iedlabie tothe USA, Communist countries of Eastern Europe, mainland China and S.E. Asta, and Cuba) 
HODGKIN, A. L. Pursuit of Nature Cambridge £7.50 10 Nov. 
and others 
HOYLE, F. Energy or Extinction Heinemann £1.50 10 Nov. 
LEAKEY, R.E. & Origins: What New Discoveries Reveal About the Emergence of Macdonald & £8.95 10 Nov. 
LEWIN, R. Our Species and Its Possible Future Jane's 
LEWIN, B. Gene Expression, Vol 3 Wiley £10.25 10 Nov. 
LOOR, F. & Band T Cells in Immune Recognition Wiley £19.45 13 Oct. 
ROELANTS, G.E, 
(Eds) 
LOVINS, A. Soft Energy Paths Wiley £9.00 10 Nov. 
NELKIN, D. Science Textbook Controversies and the Politics of Equal Time MIT Press £9.10 10 Nov. 
PHILLIPS, D. L. Wittgenstein and Scientific Knowledge Macmillan £10.00 10 Nov. alates 
PORTER, R. The Making of Geology Cambridge £8.95 10 Noy. z 
ROOSEN-RUNGE, The Process of Spermatogenesis in Animals Cambridge £15.50 29 Sept. oe 
E.C. 
SPIEGEL- Science, Technology and Society Sage £20.00 10 Nov. 
ROSING, IL & DE 
SOLLA PRICE, D. 
TUDGE, C. The Famine Business Faber & £3.95 10 Nov. 
(Nor available to the USA and Canada) Faber 
WELLS, A. F. Three- Dimensional Nets and Polyhedra Wiley £22.00 29 Sept. 
WERNER, D. (Ed) Biology of Diatoms Blackwell £17.00 22 Sept. 
ZUCKERMANN,H. Scientific Elite Free Press £11.25 10 Now. 
Collier- 
Macmillan 
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New from Elsevier 





Monitoring Underground 
Nuclear Explosions 
by OLA DAHLMAN and HANS ISRAELSON 


A comprehensive ban on all nuclear weapons testing is one of 
the key issues in today’s arms control negotiations. Here, the 
authors present a complete summary ofall the arguments put 
forward on this issue, reviewing both the technical capabil- 
ities and the political requirements of monitoring a test-ban 
treaty. 


1977. x + 440 pages. ISBN 0-444-41604-8. $49.00 


Geostatistical 
Ore Reserve Estimation 
by MICHEL DAVID 


Developments in Geomathematics, 2 


The first textbook in English on the subject, this book pro- 
vides the reader with all the information necessary for the 
application of the geostatistical method of ore reserve estima- 
tion in the mining industry. 


1977. xx + 364 pages. ISBN 0-444-41532-7. $39.75 


Marine Manganese Deposits 
edited by G.P. GLASBY 


Elsevier Oceanography Series, 15 


A definitive account, by many distinguished authors, of the 
distribution, geochemistry, mineralogy, internal and external 
structure, and rate and mechanism of formation of man- 
ganese nodules from all types of environment. It is the first 
time that information on all aspects of manganese nodules 
has been assembled in one volume and the comprehensive 
nature of the review suggests it is likely to remain the standard 
work on this subject for a considerable time. 

1977. xvi + 536 pages. ISBN 0-444-41524-6. $49.00 


Patterns of Evolution 

As Illustrated by the Fossil Record 

edited by A. HALLAM 

Developments in Palaeontology and Stratigraphy, 5 


This up-to-date review of modern advances in evolutionary 
palaeontology outlines the significant contribution that 
modern palaeontology can make to the study of evolution. 
1977. xiv + 578 pages. ISBN 0-444-41495-9. $69.50 





Styles of Folding 

Mechanics and Mechanisms of Folding of 

Natural Elastic Materials 

by ARVID M. JOHNSON 

Developments in Geotectonics, 11 

Based on the observation that most folds in rock do not 
resemble sinusoidal waves but, rather, concentric, kink and 
chevron forms, the author explains the various fold styles one 
can recognize in the field and in the laboratory. 

1977. xx + 408 pages. ISBN 0-404-41496-7. $49.95 


Mineral Crushing and Grinding Circuits 
Their Simulation, Optimization, Design and Control 
by A.J. LYNCH 


Developments in Mineral Processing, 1 


The size reduction of minerals and rocks is already a large 
operation in terms of total annual tonnage processed and is 
increasing in size as the world’s requirements for metals, 
industrial minerals and crushed stone increases. This book 
reports on the considerable work carried out in recent years 
on Circuit simulation for optimization and design purposes, 
and covers: mathematical models of crushing, screening, 
grinding and hydraulic classification processes; their use for 
circuit simulation, optimization and design; and the require- 
ments, techniques and other aspects of circuit control. 
1977. xii + 336 pages. ISBN 0-444-41528-9. $49.50 


Precambrian of the Northern Hemisphere 
by L.J. SALOP 

Developments in Palaeontology and Stratigraphy, 3 

The rapidly developing field of Precambrian geology is 
producing an abundance of new material which necessitates 

a constant revision of ideas. In this work, Professor Salop 
Proposes new stratigraphic terminology to meet the 
requirements of this new data. 

1977. x + 382 pages. ISBN 0-444-41510-6. $59.25 


Remote Sensing in Geomorphology 

by H. Th. VERSTAPPEN 

This book deals with the application of remote sensing 
technology to the study of landforms, including both their 
genetic and environmental aspects. Extensively illustrated, it 
emphasizes the principles and methodology of image inter- 
pretation of geomorphological phenomena such as landforms 
and landforming processes. 

1977. x + 214 pages. ISBN 0-444-41086-4. $39.95 
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rather than graduate students, gener- 
ally; men rather than women, gener- 
ally: qualified scientists rather than the 


technicians on whom their work 
depends, always. 

The Prize typifies the myth of 
‘science’ and obscures its reality. It 


emphasises the hierarchical and auth- 
oritarian shape which science in the 
late twentieth century has come to 
take. Its social functions inside science 
and in terms of the relationships be- 
tween science and society, are both 
symbolic and substantive, and proper 


Book Review Supplement 


matters, one would have thought, for a 
critical sociologist to discuss; yet in all 
of Zuckerman’s pages scarcely a men- 
tion is made of such questions. Indeed, 
it has so far been left largely to scien- 
tists themselves to voice such doubts. It 
would be nice if, now she has done 
such a thorough piece of internalist 


empiricism, she would move on to 
these richer and more complex 
questions. iit 





Steven Rose is Professor of Biology at 
the Open University, Milton Keynes, UK. 





Dazzling 
firmament 


Rainer Goldsmith 





The Pursuit of Nature. By A. L. 


Hodgkin, A. F. Huxley, W. Feldberg, 
W. A. H. Rushton, R. A. Gregory and 
R. A. McCance. Pp. 180. (Cambridge 
University: London, New York and 
Cambridge, 1977.) £7.50. 


Prry the poor reviewer, a mere mortal, 
confronted with a book of essays the 
authors of which are the living im- 
mortals of his discipline. Praise will be 
interpreted as sycophancy; criticism iS 
tantamount to lése-majesté. Yet the 
task must be done, and this fool will 
step in where wiser angels fear to tread. 

The six essays, collectively entitled 
“Informal Essays on the History of 
Physiology” are mixed bags containing 
reminiscences, anecdotes, historical 
analyses, futuristic speculation, straight- 
forward review, and personal prejudice. 
They make for varied reading; hardly 
ever boring, in part thought-provoking 
and often leaving the reader gasping 
with admiration at past achievements. 

Outstanding among the six is the con- 
tribution of Feldberg, “Reminiscences 
of an Eye-Witness”’, being an account 
of the discovery and confirmation of 
the nature of synaptic and neuromus- 
cular transmission. The lively and very 
personal style of the essay graphically 
reflects the enthusiasm and excitement 
of two or three highly creative years, 
interspersed by lobster dinners to cele- 
brate successful new findings. One may 
wonder, however, if Feldberg really 
contributed only the key of eserine and 
the eserinised leech muscle to this 
remarkable period in physiology. 
Twenty-five years after the event, your 
reviewer began his scientific career in 
the very room in which these momen- 
tous advances were made: the ceiling 
was crumbling, the teak benches were 
uncommunicative witnesses of their 
past glory—just in one cupboard did 
the ghosts still linger, the shelves were 
marked Dale, Feldberg, Brown and 
McIntosh. 


1963 


Hodgkin at Plymouth Marine Biological Establishment, 


In general, the other essays are also 
best when the authors writè about their 
own experiences or their immediate 
interests. The last quarter of Rushton’s 
essay, the piece on colour vision, the 
femme fatale by whom he is so willingly 
seduced, is entertaining, informative 
and provocative, indicating that dis- 
coveries still await the lucky or the 
hardworking. The rest, though not up 
to the same standard, can hardly fail to 
please. Gregory's vivid account of a 
single afternoon’s work which led to 
the discovery of secretin and the frus- 
trating tale of the discovery, rejection 
and rediscovery of gastrin, are clearly 
very near to his heart. 

McCance’s contribution is a staccato, 
somewhat disjointed, review of peri- 
natal physiology interspersed with acid 
comments on political matters, 
climaxed by an attack on ethical com- 
mittees ‘“‘which shackle the human 


physiologist to a politically-minded and 
uncooperative 


usually public”. <A 
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clearer explanation of what the physio- 
logist is about would bring about 
greater cooperation. 

What of the two brightest stars in 
this dazzling firmament?, the Nobel 
laureates: your reviewer is now 
skating on very thin ice. Sir Alan 
Hodgkin gives a dry, low-key, under- 
stated account of his own and other 
experiments which led to the explana- 
tion of the nature of the action poten- 
tial. His picture of Cambridge in the 
1930s is that of another world. But, 
with decreasing funds, we too may 
have “to think hard to decide what is 
right” and then “start in a bare room 
and build most of our equipment”. 
The writing lacks Feldberg’s sense of 
immediacy and involvement; it seems 
that life was an orderly procession from 
Cambridge to New York and the grand 
tour of the United States with just time 
for a less-than-one-dollar-a-day holiday 
in Mexico and then back to Cambridge 
and Plymouth. Great events are curi- 
ously muted: the tribulations of war 
are recalled by the fact that he did not 
bother to keep his copies of the 
Journal of Physiology, their alleviation 
by marriage to Peyton Rous’ daughter, 
and his ability to think about nerves 
again; the 1947 fuel crisis during which 
all Cambridge and indeed the rest of 
the country froze, is marked only by the 
chance to do experiments at —4 °C. 
It is an account of a dedicated scientist 
hard at work undisturbed by counter- 
attractions—how unlike the more frivo- 
lous attitudes of a younger generation 
of Cambridge laureates (see J. D. 
Watson, Double Helix, Weidenfeld and 
Nicolson). 

“Looking Back on Muscle” by A. F. 
Huxley is a masterly account of the 
changing views down the microscope 
over the past hundred years, which 
lead eventually to the sliding filament 
theory of the contraction of muscle. It 
is a stern warning that what is true to- 
day may be forgotten tomorrow and 
that yesterday’s discoveries may be 
nearer the truth than today’s dogma. 

All in all, a stimulating book requir- 
ing a good physiological background to 
obtain full value. It is a pity that these 
eminent men allude to so much en- 
dowing us with their own immense 
understanding but in fact leaving most 
stranded on the shores of ignorance. 
It is as if the secrets must remain 
hidden from all save those who have 
been fully initiated into the circle. It is 
an enjoyable book for the student, 
opening the door into living history and 
introducing him to all the greats, not 
only these six but also their colleagues 
and their teachers who constitute the 
very backbone of physiology. g 





Rainer Goldsmith is Professor of Physio- 
logy at Chelsea College, University of 
London, UK. 

















Immunity in 
Evolution 


John J. Marchalonis 


The first book of its type, taking 
a comparative study of immunity 
as the theme to reveal the 
extraordinary evolution of 
cellular and molecular 
mechanisms. It provides a 
general background on 
vertebrate evolution and on 
immunochemistry. 

Cloth £10 





The Mammalian 


Alimentary System 


A Functional Approach 
David S. Madge 


‘`. .. of great interest and use to 
teachers, scientists and advisers 
working within the field of 
nutrition or to other persons who 
must keep pace with the rapid 
progress within the field of 
physiology and biochemistry of 
digestion and absorption. 
Livestock Production Science 
“Those who wish to become better 
informed on one of the essential 
functions of mammals will find 
reading this book a rewarding 
exercise.” 
The Veterinary Record 

Cloth £8 Paper £4.50 





Biological Machines 


A Cybernetic Approach to Life 
Peter Calow 


In recent years biology has moved 
from a preoccupation with 
molecular aspects of organisms to 
the organisms themselves. One 
way of bridging the gap is through 
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versity: Cambridge, London and New 
York, 1977.) Hardback £10.50; paper- 
back £3.95. 








0 
THE brain was the subject of the second 
series of Reith Lectures in November 
1950. At that time I estimated that 
there might be perhaps 100 competent 
students of the brain in the world, as 
compared with at least 100,000 
chemists. Since then, many of these 
latter have joined in the study of the 
brain; and Colin Blakemore, giving the 
lectures 27 years later, has to summarise 
the work of a very larger number of 
neuroscientists. He has performed the 
task magnificently and with the help of 
the Cambridge University Press pro- 
duced a book of outstanding beauty as 
well as intellectual interest. There can 
be few works that contain so much that 
can stimulate the specialist as well as 
the layman. Perhaps it is one of the 
achievements of the Reith Lectures to 
effect this union. Producing them, one 
discovers that explaining things clearly 
is itself a road to discovery. 
Blakemore shows this brilliantly in 
his treatment of the visual cortex, the 
part of the brain with which he is most 
familiar. He solves the problem of 
how to describe the complicated series 
of visual areas by calling them “an 
amazing array of charts, ...a veritable 


atlas of the world of vision. Each map& 


has a different scale and like the vari- 
ous pages In a real atlas... the visual 
maps each emphasise a different com- 
ponent colour in one, shape in 
another... 7”. And then, after talking 
of the “torrent of information pouring 
through this labyrinth of maps” he 
brilliantly describes the effect of a local 
injury as “causing a partial loss of the 
description of the world, a kind of 
scotoma of knowledge”. 

Blakemore is indeed not afraid to use 
imagery and he does it in a way that 
calls attention to the important prob- 
lems—philosophical as well as neuro- 
logical. “We seem driven to say that 
such neurones have knowledge. They 
have intelligence, for they are able to 
estimate the probability of outside 
events’. It is interesting that he hardly 
ever feels the need to use inverted 
commas. 

Anyone who wants to find out about 
the nervous system should read this 
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book. I will bet that even the most 
sophisticated neuroscientist or clinical 
neurologist will find something he did 
not know before. Apart from every- 
thing else he will find a great deal of 
history, some of it most ingeniously 
illustrated, sometimes in excellent 
colour. Personally, | could do without 
the photographs of distinguished neuro- 
scientists; most of those that are of 
people I have known fail to capture 
their more characteristic expressions. 
Of course, the treatment can be criti- 
cised here and there. Surely the surpris- 
ing thing about knowledge of the pineal 
today is not that its function is “still un- 
certain”, but that we have learnt so 
much about it recently. Which reminds 
me that one of the things one misses is 
treatment of the neurochemistry of the 
brain. The index has no entry for 
amines (but four for animal spirits). 
Any discussion of cerebral functions 
must include the controversial questions 
of nature and nurture, and the tabula 
rasa. Blakemore deals with them openly 
and in the main accurately. There is 
indeed much evidence that children are 
pre-programmed for language, but we 
anatomists are sceptical of the assertion 
that Weinicke’s speech area is larger on 
the left side even in babies. How do 
you measure it? Blakemore gives more 
attention than 1 would to the hypo- 
thesis of specific memory molecules 
but comes down firmly against it, in 
favour of a “transformation of the 
connectivity of the brain”. He refers to 
the “built-in reflexes as the inherent 
knowledge of Plato”, but curiously does 
not link discussion of this with his own 
discovery of changes of built-in capa- 
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cities that are brought on by experi- 
ence. He rejects “the fantastic notion 
that every memory is innately within 
us”, but his own evidence is consistent 
with the conception behind my mnemon 
hypothesis (which he quotes) that 
memory is a selective process, involving 
loss of some channels and improve- 
ment of others. Like all good neuro- 
scientists he accepts that neural coding 
involves putting each item of informa- 
tion into a separate channel, but we 
all find it difficult to work out the im- 
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plications of this multichannel method 
of operating even for simple acts of 
perception. 

To be able to discuss such questions 
in a review of the book of a series of 
broadcast lectures that are widely 
listened to is the highest tribute one 
can give to the author and to the BBC 
Can any other country equal the record 
of this series? . C 


J. Z. Young is Emeritus Professor of 
Anatomy at University College, London, 
UK. 
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Against Behaviouralism: A Critique of 
Behavioural Science. By Edmund Ions. 
Pp. xin+165. (Blackwell: Oxford, 
1977.) Hardback £6; paperback £2.75. 


iii iene iii 
Tue sport of debunking famous names 
rarely fails to entertain, and when 
applied to men as pompous and pre- 
tentious as most social scientists it has 
enhanced spectator appeal. As a demon 
bowler Edmund Fons is in a class of 
his own: he dismisses in successive 
balls Herbert Simon, Morton Kaplan, 
Karl Deutsch, B. F. Skinner, Rashev- 
sky, Stouffer, Adorno, von Neumann, 
Kaldor, Hicks, Garfinkel, Goffman, 
Levi-Strauss and Chomsky. His oppon- 
ents are a curiously assorted team: 
were it not for the inclusion of Gar- 
finkel and Goffman one might suppose 
that Ions was combating the attempt 
to apply objective methods in the 
social sciences, but  ethnomethod- 
ologists can scarcely be accused of that 
and are declared out for giving “a 
partial and selective account of human 
behaviour”. 

Against Behaviouralism is primarily 
an attack on the use of mathematical 
and logical theories, and of scientific 
methods of data collection and analysis 
in the social sciences. lons argues his 
case by examining a series of instances 
where the attempt to be scientific has 
resulted in banal or useless theories, or 
where objective methods of data collec- 
tion have been poorly applied and 
grossly misinterpreted. 

There is plenty of bad work in the 
social sciences and many of Ions’ 
examples are convincing. Grandiose 
models of the sort constructed by 
Rashevsky are empty; cost-benefit 
analysis invariably involves making 
arbitrary assumptions; the celebrated 
discovery of the “Authoritarian Per- 
sonality” rests on the construction of a 
loaded questionnaire and the use of a 
monstrously biased sample: Games 
Theory is an idealised model of conflict 


behaviour; and cliometricians, juri- 
metricians, psephologists and content 
analysts often either discover the 
obvious or make wild errors as a result 
of unduly restricting both the data 
they use and their methods of analysis. 

Moreover, fons is surely right in 
thinking that the very obscurity of 
many scientific approaches to the social 
sciences has disguised the fact that 
much of the work is empty. Model 
builders often conceal the banality of 
their thought by the tortuousness of 
their language. It requires both per- 
spicacity and courage to dismiss as 
trivial such statements as: “Hypothesis 
Two. Multiple role functions operate 


on personality systems in such a 
fashion that the personality systems 


perceive the objective and values of the 
decision making units linked by the 
multiple role functions as more similar 
than they would if they entered only 
into single role function.” (Morton 
Kaplan.) 

We may agree with lons, then, that 
the application of scientific or objective 
methods is no guarantee of producing 
interesting findings or arriving at cor- 
rect conclusions, but he seems to go 
beyond this and to damn all attempts 
at objectivity. Yet, the use of intuition 
can be just as fallible as is demon- 
strated by the results of studies on the 


unreliability of unstructured interviews | 


for job selection, One only has to read 
Arthur Maslow to become aware that 
the experiential or humanist approach 
to society may itself result in preten- 
tious banality and silliness. And even 
if rigorous models are as incomplete as 
non-rigorous ones, they may still throw 
light on human behaviour by focusing 
attention on the ways in which people 
depart from them. 

lons stigmatises Levi-Strauss for 
“classifying”, though how it is possible 
to communicate at all without classify- 
ing he does not explain. His critique of 
Chomsky is hard to follow. He seems 
to think that the attempt to formalise 
our intuitions about syntax is in itself 
a bad thing and then goes on to criti- 
those aspects of language that are com- 
pletely outside the scape of his 
theories. 
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A further problem is that in arguing 
from example, lons is himself guilty 
of one of the main crimes of which he 
seeks to convict his opponents, namely, 
dogmatic generalisation based on in- 
sufficient evidence. He maintains a 
consistently fast pace but his bowling 
is loose and often aimed at the man 
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not the wicket: any decent umpire 
would have sent him off the field, but 
that would have deprived the crowd of 
considerable amusement. Cl 


manenmane 


Stuart Sutherland is Director of the Centre 
for Research on Perception and Cognition 
at the University of Sussex, UK. 
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The Behaviour of Communicating: An 
Ethological Approach. By W. John 
Smith. Pp. 545. (Harvard University: 
Cambridge, Massachusetts and Lon- 
don, 1977.) £13.65. 





More than any other subject, animal 
communication has occupied a promi- 
nent place in ethological research 
throughout the past forty years. 
Lorenz's demonstration that displays 
of ducks and geese can be used as 
species-specific taxonomic characters 
to trace phylogenies; Tinbergen’s 
classic analyses of the motivational 
basis of displays in gulls; Thorpe and 
Marler’s work on the ontogeny of bird 
song; and von Frisch’s dancing bees 
are all justifiably recognised as pillars 
of ethology. In the past few years, 
although some of the emphasis has 
slightly changed, animal communica- 
tion has still played a central role in 
ethological thinking, exemplified by 
G. A. Parker and J. Maynard Smith’s 
application of game theory to ritualised 
displays. 

It is perhaps not surprising, in view 
of the voluminous and diverse litera- 
ture, that no single person has, since 
Tinbergen with his Social Behaviour in 
Animals (Methuen, 1953), attempted 
the daunting task of reviewing the 
whole subject of communication. There 
have been notable collections of essays 
(Huxley’s “ritualisation’? symposium, 
Hinde’s Non-Verbal Communication 
and Sebeok’s Animal Communication), 
but W. John Smith is the first for 
nearly 25 years to write a comprehen- 
sive treatise. Comprehensive is the 
word: with over forty pages of refer- 
ences, Smith has done an admirable 
and scholarly job of bringing together 
the literature up to and including 1976. 

Smith's own well known contribu- 


tion to the field of communication has 
been to emphasise the distinction 
between the message contained in a 
signal (what it might potentially reveal 
about the communicator) and its 
meaning to the recipient(s). The mean- 
ing, measured by the response of the 
recipient, usually depends on the con- 
text. For example, a hypothetical call 
given by a bird whenever it moves 
may mean “I am about to attack” in 
one context, and “I am about to feed” 
in another. The book leans heavily on 
Smith’s message~meaning distinction : 
after an introduction in which he 
clearly defines communication and 
states the problems he is going to 
tackle, there are six chapters (includ- 
ing a lot of descriptive examples) 
dealing with the structure and message 
content of signals. 

The subsequent chapters deal in turn 
with the motivational basis of displays 
(a review of the traditional ethological 
work), the importance of context and 
the meaning of signals, ritualisation, 
ecological and other constraints on 
signalling systems, and finally a critique 
and reassessment of the display con- 
cept. In this final section, Smith points 
out that the usual preoccupation of 
ethologists with simple stereotyped 
displays (releasers) has led to an under- 
emphasis on the possibility of complex 
grammatical rules for combining simple 
components into complex signals. 
Throughout the book, Smith provides 
numerous examples, many of them un- 
published, which make interesting 
reading and act as an excellent diluent 
for the slightly heavy style of the more 
theoretical discussions. 

In such a wide-ranging and thought- 
provoking book, it is hard to know 
where to begin in singling out points 
for discussion, but I will mention 
briefly a general feature of communica- 
tion which I believe that Smith may 
have underplayed. Smith views com- 
munication as a cooperative venture 
between communicator and recipient: 
displays are acts “specialised to make 
information available to the recipient” 
(p69, p195) about the communicator’s 
likely future behaviour, status, loca- 
tion, and so on. This standpoint is 
emphasised by Smith’s statement that 
manipulation or intentional misleading 
is a ‘‘disturbing possibility’ but not 
one that ethologists have yet dis- 
covered. (He inexplicably separates 
intra- and = interspecific deceit-—the 
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latter is well known in, for example, 
Batesian mimicry.) 

I would suggest that far from being 
a marginally possible aberrance, mani- 
pulation, or something very like it, is 
a central feature of much of animal 
communication. As Smith emphasises, 
signals can only evolve if there is an 
advantage to the recipient in respond- 
ing, as well as an advantage to the 
communicator. But this is not to say 
that the benefits to the two are equal; 
and it seems inevitable that both 
participants in any interaction—be it 
between a territorial stickleback dis- 
playing to an intruder or a fledgling 
blackbird begging from its parent-—~ 
will strive to get the maximum benefit. 
Viewed in this light, communicators 
are always trying to manipulate or 
persuade recipients, while recipients 
are increasing their sales-resistance. It 
is then not at all surprising that dis- 
plays often provide incomplete infor- 
mation about the motivational state of 
the communicator (p201) it always 
pays to be poker-faced when selling a 
used car. 

It also follows from my argument 
that many display interactions are con- 
cerned with assessment (“Is he really 
as confident as his threat indicates?’’). 
The elaborate courtship rituals of 
many animals may have as much to do 
with assessment of the potential mate’s 
fidelity and fecundity as with “helping 
male and female to cooperate in begin- 
ning copulation” (p300). This was 
brought home to me by the striking 
result of Erickson and Zenone (Science, 
192, 1353-54; 1976). They showed that 
a male ring dove actually rejects a 
female who is too willing in court- 
ship. This is a canny reaction: “‘pre- 
cocious’ females are forward because 
they have just been stimulated by 
mating with another male, and it 
supports the view that ring dove court- 
ship involves assessment by the male 
of whether the female has already been 
fertilised. With the traditional etho- 
logical view of male courtship as a 
means of arousing the female to 
copulate, who would have foreseen 
that male ring doves would reject avian 
nymphomaniacs? 

While I certainly would not claim 
that all intraspecific communication 
involves manipulation and assessment, 
it just might be useful to bear these 
ideas in mind when analysing court- 
ship and threat signals. Finally, let me 
emphasise that Smith’s omission of the 
sort of discussion I have briefly out- 
lined does not materially detract from 
his enormous achievement in synthesis- 
ing and appraising such an important 
subject. 1 
John Krebs is Lecturer in Zoology at the 
Edward Grey Institute of Field Orni- 
thology, University of Oxford, UK. 
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Reapers of this journal will be 
familiar with the changing fortunes of 
microbial genetics in recent years. In 
the early to mid-1960s, its practitioners 
saw the genetic code unveiled and the 
birth of the operon. Five subsequent 
years of plenty were followed by a 
decline, as interest turned from lower 
to higher organisms and their develop- 
ment. Now the wheel has come full 
circle as the potential of bacteria and 
their viruses in genetic engineering is 
understood. As if to mark this dev- 
elopment, the new volume in Benjamin 
Lewin’s series on Gene Expression is 
devoted to plasmids and phages. These 
genetic elements have made a massive 
contribution to our understanding of 
the mechanism of heredity at the 
molecular level. They also happen to be 
suitable vectors of recombinant DNA 
made in vitro. 

This series of books is intended to 
provide a critical analysis of the organi- 
sation and expression of the genetic 
apparatus at the molecular level. In this 
context, the present volume gives an 
excellent entry to the literature for 
advanced students of molecular gene- 
tics. It will also be a valuable reference 
work for final-year undergraduates. 
Rather than write a textbook. the 
author has manfully undertaken to 
review the whole field in some detail. 
The enterprise has been a profitable 
one. Indeed, his account of some 
systems is more incisive and digestible 
than the available specialist reviews. 
Readers will particularly appreciate the 
presentation of experimental protocols 
and models in diagram form. although 
grey rather than a brighter second 
colour can lead to ambiguity in some 
figures. Taken as a whole, the book 
with only a few important inaccuracies 
brings the general reader painlessly up 
to date in a fast-moving field. 

Plasmids are now known to occur 
naturally in bacteria as widely different 
as Staphvilococcus and Agrobacterium. 
The first of its kind to be discovered 
was the fertility factor F, which pro- 
motes mating between strains of 
Escherichia coli and, as it turns out. 


other related enteric bacteria. It is a 
circular DNA molecule which, although 
much smaller (~2%) than the bacterial 
chromosome, is big enough to carry 
nearly 100 genes (94.5 kilobases). It can 
exist as an autonomous element but 
may insert into the chromosome. 

Plasmids can vary in a number of 
respects. Some are unable to insert in 
the chromosome, others cannot mediate 
their own transfer by mating. They can 
carry genes of considerable importance 
in agriculture and medicine. For ex- 
ample, R factors are plasmids which 
confer multiple drug resistance on the 
host bacterium. Pathogens containing 
R factors have become a serious 
clinical problem, particularly since they 
can often transfer multiple drug resis- 
tance to other bacteria. Other plasmids 
determine the ability of some soil 
bacteria to utilise unusual materials 
such as camphor and toluene. At the 
same time, plasmids interest the 
molecular biologist as excellent tools 
to study. for instance. DNA replica- 
tion in vivo, since they may be regarded 
and, more importantly, manipulated 
as dispensible analogues of the chromo- 
some itself, 

The bacteriophages form two large 
groups. The virulent phages are obliged 
to multiply on infecting their host. 
Most of them kill the host in the pro- 
cess. The important virulent phages of 
E. coli are discussed in this book, 
including the double-stranded DNA 
phages T4, T3 and T7, the single- 
stranded DNA phages AX174, S13. fI 
and M13, and the RNA phages f2 and 
Of. The temperate phages do not 
always kill the host. On infection they 
may enter the prophage state to give 
a lysogenic bacterium, in which the 
phage DNA is preserved as part of 
the host’s hereditary material. There 
are temperate phages which are directly 
important to man. such as the coryne- 
bacteriophage B. which determines the 
toxin of diphtheria. Certainly the most 
studied of this group is phage A, which 
is discussed in great detail in this work. 
Some readers will regret the omission 
of the phages of Bacillus subtilis and 
Salmonella typhimurium from this 
book. T was surprised to find the coli- 
phage P1 given short shrift. PI has the 
distinction of existing in the autono- 
mous state as a prophage, qualifying 
for inclusion as both plasmid and 
phage. It is also an important vector of 
host DNA in genetic analvsis by trans- 
duction. without which fine structure 
genetic mapping would be impossible. 

The book devotes separate chapters 
to the different genetic elements. a 
profitable treatment for readers at the 
research level. A fuller index would 
probablv have made it more acceptable 
to the general reader. The two opening 
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chapters describe the transfer material 
between bacteria, as naked DNA in 
transformation, and by mating (con- 
jugation) between bacteria. These chap- 
ters provide a good account of the 
techniqués of genetic mapping, and of 
the principles and mechanisms involved. 
They provide the background for later 
plasmid and phage chapters, and 
include discussion of the F factor. A 
separate chapter on plasmids focuses 
on R factors and col factors (which 
determine macromolecular antibiotics 
called colicins). 

The molecular genetics of plasmids 
is examined in some detail. The 
mechanisms controlling plasmid copy 
number, transfer functions of F and 
related R factors, the molecular 
structure of plasmids as deduced from 
heteroduplex mapping techniques and 
the incompatibility between related 
plasmids in the same host are discussed 
in these early chapters. They also pro- 
vide an informative account of studies 
on insertion sequences. These are 
specific DNA sequences, approximately 
1,000 base pairs long, and are found in 
plasmids and at various sites on the 
E. coli chromosome. Interaction 
between insertion sequences can medi- 
ate insertion of F into the chromosome. 
Of perhaps even greater importance is 
the discovery that some R factor genes 
for drug resistance lie between inser- 
tion sequences and are transposed by 
them to new phages. plasmids and 
chromosomal sites. These movable 
genetic packages, now called trans- 
posons. provide a means by which drug 
resistance and other properties may 
reassort in nature. 

The phage à opts for Ivsogeny or 
growth shortly after infection. The 
molecular nature of this decision is not 
completely understood but it clearly 
depends on competition between 
mutually exclusive patterns of trans- 
cription. Of major importance in this 
competition are the factors facilitating 
or denying to the host RNA poly- 
merase access to phage promoters. The 
disentanglement of these regulatory 
circuits by mutants. sequencing and 
other approaches makes a fascinating 
story. Dr Lewin’s account of its devel- 
opment is one of the best currently 
in print. The virulent phages, T7 and 
T3, which are similar in size to A, 
probably have simpler circuits. They 
code for an RNA polymerase of their 
own, and their growth is regulated at 
the level of transcription. The RNA 
phages. on the other hand. have impor- 
tant controls operating at the level of 
translation. The genetic organisation 
of RNA phages has larely been eluci- 
dated by direct sequencing. since these 
phages do not recombine. 

The integration of A prophage into 
the host chromosome provides a 


122 ° 


beautiful example of site-specific re- 
combination, which may serve as a 
model for the movement of transposons 


and analogous elements in higher 
organisms. The interaction uses 
enzymes which recognise different, 


specific, base sequences (recently eluci- 
dated by Landy and Ross, Science, 
197, 1147; 1977) in the phage and host 
chromosomes, and promote crossovers 
between them. Most recombination, of 
course, is not limited to short 
sequences. Generalised recombination 
occurs between parental molecules of 
all phages but those with RNA as their 
genetic material. Models for the dif- 
ferent types of recombination are 
discussed by the author in several 
chapters: and he gives a fair account of 
the current ideas in a changing field. 
Most of the information encoded in 
a phage genome relates to the synthesis 
of the phage coat. More than 50 genes 
of phage T4 have this function. 
Notably, in phages T4 and A. the 
assembly pathways have been mapped 
out by recording the stages reached in 
different maturation mutants. These 
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systems provide a way of studying 
spontaneous self-assembly and struc- 
tural interactions between repeating 
subunits. They also lead to the con- 
clusion that in vivo assembly is not 
spontaneous but is assisted by special 
accessory proteins. This is an area 
where Lewin’s extensive diagrams and 
plates are most helpful. 

Plasmids and Phages encompasses a 
wide range of modern techniques and 
ideas. They are described simply and 
well; and this presentation shows the 
dense logical and experimental sub- 
structure from which molecular gene- 
tics has grown. in addition, the author 
provides an excellent account of the 
early development of the major themes 
which continue to engage interest in 
the field. It is therefore fair to say that 
this book is valuable, not only as a 
research text but as a source which 
should be of considerable value to the 
future historian of molecular biology. 








John Scaife is Reader in Molecular Bio- 
logy at the University of Edinburgh, UK. 
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Biohazard, By M Michael 
209. (Knopf: New York, 





title of the book does not alas 
What purported to be a 
description, in journalists language, 
of the biohazard problems was a 
totally different book. The blurb of the 
cover outlines both the contents and 
the style: “Immediate, fascinating, 
frightening in its implications, Bio- 
hazard is the story of a current and 


THE 
describe it. 


major scientific controversy’. The 
writer, Michael Rogers, portrays a 
“moral and scientific confrontation” 


reported “as it happened and where 
it happened”. 

Rogers outlines, and devotes most 
space to, the “history-in-the-making”’ 
meeting at Asilomar in early 1975 
(pp51-100). He began, too, without an 
understanding of recombinant DNA: 
for him, then, the calculated breeding 
of plants and animals by selection and 
mutation was, in essence, genetic en- 
gineering. In chapters 2 and 3, we are 
led through the history of DNA (start- 
ing with Miescher and ending with 
Avery et al.) and acquainted with 
Escherichia coli and phages. The three 
chapters on Asilomar are preceded by 


a recounting of the moratorium. Paul 
Berg enters the story with his dilemma 
about SV40 but fails to get the brief 
description accorded to most of the 
actors, Herbert Boyer, a soft-spoken 
San Francisco biochemist, discovered 
EcoRI which produced the “sticky 
ends” that allowed not only the original 
DNA strands to rejoin, but the coup- 
ling of the cut-ends of foreign DNA. 
It is not clear how excerpts from the 
Asilomar meeting were reproduced 
with the apparently original comment 
of selected delegates. The taped official 
record was (p54) to be held for 50 
years (sic). Did Rogers have his own 
tape, did he evade the 50 year rule. 
or had he merely adequate shorthand? 
In any event, this poses a general 
problem. Most scientists, even the most 
glib, prefer, if they are to be quoted 
verbatim, to see what they are pur- 
ported to have said before it is pub- 
lished. Is it not courteous to ask the 
prior consent of the scientist before 
attributing to him remarks of any 
kind? These steps may have been 
taken for the US contingent where 
tneir scientists were usually quoted— 
for example, David Baltimore (‘“‘trimly 
bearded and clad in an embroidered 
Levi shirt’) and Ray Curtiss (‘timpos- 
ing, long-haired”) but not, probably 
fortunately, for most of the British. 
One who may recognise himself talks 
about K12 (‘‘nice, quiet, boring person 
at least as far as his colon is con- 
cerned”). Two Britons at Asilomar 
are quoted (or misquoted) by name— 
E. S Anderson from Colindale 
(“portly, imposing gentleman”). and 


electrophoresis, 
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Sydney Brenner (“bushy eyebrows. 
gleaming eyes, non-stop animation. 
mid-way between - leprechaun and 
gnome”). One group, at least, was 
missing: those whose experience was 
in the realms of infectious diseases. 
Anderson drew. -careful attention to 
this (p63) and “glared coldly” as he did 
SO. 

Summing-up the meeting (at which 
some 10%, were journalists, anyway} is 
well described. The problem is so acute 
~-more akin to asking a committee to 
write a poem—that the most recent 
US meetings on recombinant DNA 
have compromised the organisers by 
drafting a statement (a letter in this 
case) and seeking adherents from 
among the meeting. Although Asilo- 
mar was attended by many micro- 
biologists from different countries, only 
the British were singled out and the 
Russians are mentioned once. 

The single chapter devoted to a 
discussion of biohazards begins with: 
“the only recorded civilian biohazard 
fatalities—the deaths of individuals who 
were in no way connected to a labora- 
tory-—occurred in London, in March 
1973“ and refers, of course, to the 
smallpox incident. Rogers uses this 
accident (albeit from a well-known 
human pathogen) to justify the widely 
felt concern about “new infectious 
organisms containing novel genetic 
material”. Prominent among the con- 
cerned was, of course, Mayor A. E. 
Velluci of Cambridge, Massachusetts. 
The possibility (Velluci’s “disease that 
can't be cured--even a monster’) of 
a public, or ecological, disaster added 
bright new ammunition for the “town” 
in its confrontation with “gown”. The 
author describes in some detail Build- 
ing 41 at the National Institutes of 
Health at Maryland, which was built 
apparently for $3.5 million, to handle 
the viruses which were expected by 
the US to emerge from the accelerated 
Cancer Program. The methods of hand- 
ling biohazards, in genetic engineering 
research, might well have been stressed 
at greater length. In the UK, the 
Biological Safety Officers and their 
Safety Committees exist solely to assure 
the public (in the final shape of the 
Health and Safety Executive) that the 
containment level selected, whether 
this be physical or physical/biological, 
matches the risk and is thus safe. 

The next chapter diverges from the 
story of succeeding conferences at 
which Rogers is becoming more con- 
fident, and more of a confident; he 
reverts to restriction enzymes, gel 
complementary DNA 
sequences, molecular cloning and shot- 
gunning. A crucial issue which is 
mentioned as a possibility is that of 
“libraries of cloned gene sequences” 
whether these be of prokaryotic (E. 
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Posture 


Robert Roaf 
December 1977, viii « 100pp., £3.80/$7.50 0.12.589350.7 


Reference is frequently made to ‘good’ or ‘bad’ posture, but the criteria are seldom defined. The term ‘posture’ itself is difficult to 
define, because without a qualifying adjective it has only half a meaning. It has been defined as the relative disposition of the limbs 
and body, and as an expression of the body's equilibrium and balance. Professor Roaf considers the criteria for good posture to be 
balanced movement and minimum muscular exertion in adapting to the needs of the moment. He draws attention to the many 
diverse areas in which posture is significant — in cultural and sporting activities, and in communication between individuals and 
groups — and he discusses the origin and development of the upright position in humans, the physiological mechanism of postural 
control, and the causes of poor posture and its remedies. aa 


Group Theory and Computation 


edited by Michael P. J. Curran 

December 1977, xiv + 118pp., £5.80/$11.35 0.12.200150.8 

This volume is based on the invited papers given at a Summer School on Group Theory and Computation held under the auspices of 
the National Committee for Mathematics of the Royal lrish Academy. Together, they present in a concise form both the state of the 
art in certain areas of finite group theory and also a review of permutation groups. 

Contents : | 

Marshall Hall Jr; Computers in Group Theory. John Leech: Computer Proof of Relations in Groups. J. H. Conway: The Miracle Octad 


Generator. J. H. Conway: A Quaternionic Construction for the Rudvalis Group. Peter M. Neumann: Finite Permutation Groups, 
Edge-Coloured Graphs and Matrices. l 


APIC Studies in Data Processing No. 13 


Software Engineering 


R. H. Perrot 

December 1977, xii + 204pp., £8.20/$16.00 0.12.551450.6 

This book records the papers presented at the British Computer Society's Symposium on Software Engineering held at the Queen's 
University of Belfast in April 1976. It defines the working tools of the software engineer, reviews the range of methods presently 
available to him and suggests further improvements. The publication is devoted to practical measures to alleviate problems in the 
use of currently available software engineering tools and it has an optimistic and forward looking approach. For the present, the 
primary consideration is how to live with existing software products and to use them more effectively. Several weil engineered 
systems are examined and a study made of the lessons to be learnt from them. 


European Monographs in Social Psychology 12 
Series editor: H. Tajfel 


Decoding Oral Language 


Astri Heen Wold 
January/February 1977, approx. 250pp., £8.50/$16.50 0.12.336250.4 


This book is the result of a long programme of theoretical enquiries and experiments on aspects of time in language and 
communication. Its emphasis on the termporal dimension in psycho-linguistic analysis makes a sharp contrast with current trends in 
Chomskian and post-Chomskian semantic theory, which have tended to spatialize and detemnporalize language. A linguistic theory 
which treats as irrelevant conditions such as memory limitations, distractions, errors and shifts of interest, argues the author, cannot 
hope to come to terms with the realities of language as a series of intentioned acts of communication between one speaker and — 
another. This study accordingly attempts to combine a soundly-based social-psychological perspective on language with an 
analysis of individual processing. 


Studies in Convection 
Theory, Measurement and Applications 
Volume 2 | 
edited by B. E. Launder 
November 1977, viii + 224pp., £8.80/$17.25 0.12.428002.6 
This series aims to present major contributions to the understanding of convective transport phenomena; particularly in turbulent | 


flows. This, the second volume in the series, is devoted entirely to various aspects of convection relating to chemical reaction; in | 
recognition of the growth and expanding interest in combustion research generated by worldwide concern about pollution and the | 
energy crisis. Combustion, as an area of research, has benefited from progress made in the study of non-reacting flows, which has 
engendered new methods of analysis, new instrumentation and a general understanding of turbulence. : l 
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Measles Virus and Its Biology 
| K. S. Fraser and S. J. Martin 
December 1977, approx. 250pp., £9.80/$19.25 0.12.265350.5. 


This first book in the new series, Experimental Virology, is at the forefront of research on the measles virus, yet its contents are still 
within the grasp of the students of medicine, microbiology and biochemistry. The work sets out the problems of measies and its 
complications and relates them to recent knowledge of the biological character of the virus. The authors have placed. particular 
emphasis on the predilection of the virus for lymphoid tissue and its ability to set up persistent infection through defective modes of 
replication. They have stressed too the need to find out more about the relationship between measles virus and immune responses. 
The significance of such interactions can be seen clearly in the pathogenesis of conditions such as measles enteropathy, 
subcutesclerosing panencephalitis, multiple sclerosis and certain auto-immune diseases. 


Microbial Ecology of the Gut 


edited by R. T. J. Clarke and T. Bauchop 
December 1977, xviii + 410pp., £13.50/$26.50 0.12.175550.9 


This book sets out, by contrast, to provide a full and integrated account of the microbial ecology of many different animals. tne 
multi-disciplinary origin of the contributions suggested the adoption of a broad rubric rather than separate specific studies: 
information has been organized within a framework of general questions — what kinds and numbers of organisms are present? What 
are their activities, and to what extent are these activities performed? Thus the book includes discussions on the bio-chemical 
activities of microbes in the gut, and fermentations in the hindgut and foregut. Other chapters deal with types of microbes: 
techniques of study; a gnotobiotic approach to ecological studies; protozoa in the rumen: and a mathematical approach to the 
turnover of fermentation end-products. 


The Analysis of Organic Materials An International Series of Monographs 
Series editors: R. Belcher and D. M. W. Anderson 


Instrumental Organic Elemental Analysis 


edited by R. Belcher 
December 1977, xii + 300pp., £14.00/$27.35 0.12.085950.5 


During the last fifteen years automated elemental organic analysis has expanded to such an extent that it has almost superseded 
manual operations, for certain elements at least. The purpose of this book is to bring together the accumulated knowledge and 
experience of investigators who have been dealing first hand with these new methods. To provide some flexibility, two different 
commercial apparatus for the determination of carbon, hydrogen, nitrogen and oxygen, have been described — the Perkin-Elmer and 
the Carlo-Erba apparatus. A comprehensive account of the applications of the Dohrmann coulometric apparatus has been included 
and also the remarkably efficient Merz-Dumas method. The latter is extraordinarily versatile in its applications, for it can cope with 
trace amounts of nitrogen as well as high percentages. 


Oxalic Acid in Biology and Medicine 


A. Hodgkinson 
December 1977, xiv + 360pp., £15.80/$30.25 0.12.351750.8 


This comprehensive review of oxalic acid in living systems brings together for the first time work in several fields, including analytical 
chemistry, microbiology, plant physiology, toxicology, nutrition and human pathology. The book is intended to be a source of 
reference as well as a guide to current research. Dr. Hodgkinson traces the role that oxalic acid has played in the development of early 
chemical theory, describes the structure and properties of the acid, and examines the problems of determining oxalate in biological 
material. A variety of topics of current interest is covered, including the role of oxalic acid in plant metabolism, the growing problem of 
livestock poisoning by oxalate-containing plants, and the problem of human poisoning by agents such as xylitol and methoxyflurane. 


Annual Reports on NMR Spectroscopy Volumes 6C and 7 
Volume 6C edited by E. F. Mooney 
December 1977, xiv + 658pp., £33.50/$65.50 0.12.595347.9 


Volume 7 edited by G. A. Webb 
November 1977, x + 300pp., £16.00/$31.25 0.12.505307.X | 


Over recent years no other technique has grown to such importance as that of NMR spectroscopy. It has applications in allspheres of 
science concerned with the electronic and molecular structures of materials as well as those areas concerned with the reactivity of 
molecules in solution. Progress has occurred in both the experimental and theoretical aspects of NMR. These are reviewed in this 
series and presented in a manner suitable for chemists from all disciplines. Annual Reports on NMR Spectroscopy is well established 
as a medium for communicating recent progress in NMR and its applications to the specialist and non-specialist alike. The series is a 
vital source of information for workers in alibranches of chemistry; including biochemistry and pharmaceutics, and willcontinue to be 
a valuable source of information for all analytical, structural and physical chemists. . = 


Contents of Volume 6C ; 
P. W. Hickmott, Michael Cais and A. Modiano: NMR data on organic-metal carbonyl complexes (1965-1971) 


Contents of Volume 7 
R. Fields: Fluorine-19 NMR spectroscopy of flouroalkyi and flouraryl derivatives of transition metals, M. Witanowski, L. Stefaniak and 
G. A. Webb: Nitrogen NMR spectroscopy. Roderick E. Wasylishen: Spin-spin coupling between carbon-13 and the first row nuclei. 
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Monographs of the Physiological Society No. 34 
Corticospinal Neurones 


Their role in movement 
C. G. Phillips and R. Porter 
December 1977, xii + 448pp., £16.80/$32.35 0.12.553950.9 
4 i : i : s 4 r i . : = ati in the context of 
This book is more than just a compilation of experimental findings. By discussing their personal observations in 
accumulated knowledge the authors have produced a classic work which will endure long after new research has outdated parts of its 


indi i j icospi ing wi ive historic terial and terminating 
findings. It reviews and analyses al! major work on the corticospinal tract, starting with extensive historical ma | 
with seal published work. The strength of this analysis derives from one or other of the two authors having been personally engaged 


in most of the types of work described. 


London Mathematical Society Monographs No. 10 
Series editors: P. M. Cohn and G. E. H. Reuter 


Topos Theory 


P. T. Johnstone 

December 1977, xxiv + 367pp., £17.50/$34.25 0.12.387850.0 

Since the pioneering work of F. W. Lawvere and M. Tierney in 1969 and 1970, topos theory has been one of the major growth areas of 
mathematics: in particular, it has been characterized by the development of striking new links between algebra, geometry and logic, 
whereby the methods used in each of these areas may be applied to problems in the others. This book is largely based on lectures and 
seminars given by the author at the Universities of Cambridge, Liverpool and Chicago, and is the first comprehensive account of 
these developments to be published. 


edited by I. W. Sutherland 

December 1977, x + 472pp., £19.50/$38.00 0.12.677850.7 

This publication provides a current view of the composition, biosynthesis and control of the surface carbohydrates of prokaryotes, 
superseding earlier reviews in this rapidly expanding field. These aspects are related to the possible functions of the polymers and to 
their role as receptors for bacteriophage and as antigens or haptens. Enzymes degrading the polysaccharides are also considered 
and the information they provide about polysaccharide structure is discussed. The author indicates the direction of current research 
in the field, problem areas, and recent improvements in technique. Surface Carbohydrates of the Prokaryotic Cell will be of primary 
value to undergraduates, research students and workers in microbiology, biochemistry and related fields. 


A World Geography of Human Diseases 


edited by G. Melwyn Howe 

December 1977, xxx + 622pp., £24.00/$46.90 0.12.357150.2 

Professor Howe's book deals with the main diseases of mankind on a global basis, bringing together a group of leading experts whose 
approach is varied and multi-disciplinary, but who share a particular interest in the problems of man’s interaction with his 
environment, and in the global variability and spatial patterning of disease. Suffering and death have a multitude of different causes, 
but the diseases selected for this volume certainly account for a major share of the world's sixty million deaths annually. The text 


pala dati the intricate links between physical, biological, socio-cultural and lifestyle hazards and the different causes of illness 
and mortality. 


Kidney Hormones 
Volume ll Erythropoietin | 
edited by J. W. Fisher : 
December 1977, xvi + 602pp., £24.00/ $46.90 0.12.257652.7 


This second volume of this three part series on kidney hormones deals exclusively with the production of erythropoietin and the 
nature of erythropoietin itself, a renal hormone that has been clearly identified and characterised only during the past 10-15 years. 
Many aspects of erythropoietin are covered: the history of the development of erythropoietin and humoral control of erythropoiesis; 
physico-chemical characterization and isolation procedures for erythropoietin; pharmacology and physiology of erythropoietin; 
erythropoietin production in disease states in man; and the implications of erythropoietin for clinical usage. 
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How Britain run 
Its science 


This highly successful chart, which 
appeared in Nature 28 August 1975 
(but is still much requested and much 
referred to), has now been completely 
revised and updated to include all 

major changes in the personnel and 
administration of British science. 












Measuring approximately 2’ x 3’ 
and containing black-and-white 
illustrations of prominent figures, 
copies of this chart are now 
available at 75p (UK), US $1.50 
(Rest of World). 


Payment may be made in any currency atthe 
prevailing exchange rate. Cheques should 
be made payable to Macmillan Journals 

Ltd. Prices include postage and packing. en ile 


To order please complete the coupon below, 
or write, enclosing the correct remittance. 
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Pau! Berg (left) and David Baltimore (right) 
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coli) or eukaryotic origin (such as 
yeast, frog or Drosophila). The UK 
Genetic Manipulation Advisory Group 
(GMAG) is currently insisting that all 
unrecognised DNA fractions from shot- 
gun experiments should be destroyed 
rather than preserved in collections, 
as is apparently the case for such 
libraries in other countries. This seems 
to underline the necessity of seeking 
international agreement, as indeed, 
ICSU, ESF, EMBO and WHO are 
trying to work towards on issues such 
as these. There can never be a case 
for seeking a general code of conduct 
for handling genetic recombination ex- 
periments, but the principles could well 
be agreed. Among these is the amassing 


of from 


“libraries” 
ments, since, in the present state of 


shotgun experi- 


genetic knowledge, the dangers of 
accumulating unknown, as well as 
known and recognisable, dangers, are 
not insignificant. Very well, these 


dangers are only potential, not actual. 
The public is unlikely to be impressed 
by such an argument. Wisdom after 
the event cannot be entertained. 
The book contains an outline of 
many problems, but the solutions to 
very few, despite the author's recourse 
to the (recorded) wisdom of the ex- 
perts. American industry, for whom 
the NIH guidelines are politically in- 
hibitory, was particularly worried about 
two aspects; first, the maximum 10- 
litre scale proposed and, second, the 
necessity to declare to other research 
groups any safer host—vector system 
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that might be discovered. For industry 
in the UK and even for academic 
workers, there is, however, a strong 
disinclination to declare plans and 
objectives to GMAG in the detail re- 
quired. How this problem of con- 
fidential treatment will be resolved 
remains to be seen. 

Sydney Brenner, who figured promi- 
nently in the Asilomar discussions— 
often apparently coming to the rescue 
when a particular meeting seemed 
to have been stalled—seizes an oppor- 
tunity to advance the concept of a 
“disarmed bug’—biological contain- 
ment to supplement physical contain- 
ment which Paul Berg (p151) had con- 
demned in a letter, as “overrated and, 





while reassuring to the psyche, is hardly 
the line of defence Since Berg 
mouth pipetting” as a 
breakdown of physical con- 
apparently in a very high 
category, the training and discipline 
of those who are to work in such 
laboratories obviously leaves an 
enormous gap to be filled. “The ideal 
safeguard”, wrote Berg (according to 
Rogers). “is ingeniously designed bio- 
logical containment that can prevent 
escape and propagation—even with 
slobs doing the work on open benches”. 

Yet another of the problems facing 
NIH’s Advisory Committee on Recom- 
binant DNA Molecules simple 
enough to define. Scientists can hope 
to understand, and reason with each 
other: but where will the public 
stand? It is not to be expected that 
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they will even try to understand all 
the issues at stake. Will it be enough 
that the UK watchdog, the Health 
and Safety Executive, reinforces the 
advisory group (GMAG)? The public 
does, indeed, have four representatives 
on GMAG together with ASTMS, 
IPCS and TUC union members. 
Public opinion may well be satisfied 
in the UK that laboratory manipula- 
tions are carried out safely in inspected 
premises (for the two higher contain- 
ment categories). Are the US public 
so satisfied? No, they are not. Accord- 
ing to Rogers, they do not trust the 
scientists, judging them to be mere 
self-servers, anxious to gain instant 
recognition and credit at the expense 
of the public and, moreover, en- 
couraged and supported by the NIH 
which is largely composed of a peer 


group with identical motivation, Nor- 
mally, the older generation is more 
conservative than the younger. This 


issue has converted the younger in the 
US into ‘“‘nay-sayers’”’. The ‘‘yay-sayers” 
are their elders. 

The scientific debate has elicited a 
response from the law-makers in the 
US and a counter-response from the 
scientists. It seemed, until recently, 
that a Federal law would be passed 
regulating the issues. The scientific 
community does, however, seem to be 
gaining the upper hand. If this opens 
the way for States to enact their 
own rules, Mayor Velluci for one will, 
no doubt, be satisfied. There will be 
some States who will be strict and 
some not so strict. In which will the 
experiments tend to get done? There 
is already a strong ground swell in 
the US in favour of relaxing the NIH’s 
guidelines. After all, nothing has yet 
happened to create an_ ecological 
disaster, has it? the disarmed hosts/ 
vectors that we currently have, seem 
to be more than adequate; Nature may 
even have tried many of the scientists’ 


new tricks without the benefit of 
guidelines. Well, the pendulum was 
bound to begin the reverse swing 


somewhere, soon. I hope that a sensible 
mid-position can be found, and held. 
This book sounds the occasional 
wrong note but it tells an interesting 
story of the US honestly and well, 
warts and all. An index would have 
ben useful. The UK has only a pass- 
ing reference (to GMAG) at the very 
end where the guidelines are damned 
with faint praise—‘‘probably generated 


considerable scientific red tape”. 
Coloured, perhaps, by Rogers’ rose- 
tinted spectacles? W 


R. J. C. Harris is Director of the Micro- 
biological Research Establishment at 
Porton Down, UK, and a current member 
of the Genetic Manipulation Advisory 
Group. 
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Molecular 
politics 
for novices 


Sydney Brenner 


The Ultimate Experiment: Man-Made 
Evolution, By Nicholas Wade. Pp. 162. 
(Walker: New York, 1977.) $8.95 





A VAST LITERATURE has accumulated 
in the few years since the issue of 
recombinant DNA research made its 
appearance. The documents in the case 
already fill several shelves, and there 
seems to be no end yet in sight. What 
began as a laboratory technique fol- 
lowed by some doubts expressed by 
scientists quickly generated a world- 
wide debate which spread over an 
enormous range of scientific and social 
questions. Molecular biologists were 
thrust into an arena very different from 
their laboratories and found themselves 


embroiled in discussions first with 
Clinical microbiologists and safety 
engineers and then with lawyers, 


philosophers and politicians, trying to 
solve what in many cases were, and 
still are, insoluble problems. The debate 
was played out on the public stage, 
often with all the actors in full frontal 
nudity. so that what began as domestic 
drama soon took on, as Jim Watson 
put it, “the aspects of a black comedy”. 
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Indeed, there were times when one 
came to believe that the real issue at 
stake was human rationality; and the 
new subject of “molecular politics” 
still demands a fine sense of the 
ludicrous. 

Nicholas Wade has now written a 
book to help the ordinary reader 
through the tangled maze. He gives a 
simple account of the techniques used 
to join DNA molecules together, to 
introduce the beginner in molecular 
biology to the world of restriction 
enzymes, plasmids and shotgun experi- 
ments. Here too, one will find explained 
physical and biological containment. 
But more important than this technical 
background is that the novice in 
politics will get a clear idea of the 
development of the issue, from its 
beginnings at the Gordon Conference 
in 1973, when concerns about the 
research were first formally expressed, 
right up to the recent debate in the 
US on legislative means for regulating 
work on recombinant DNA. As 
readers of his articles in Science will 
know, Nicholas Wade attended most 
of the meetings that were held, and he 
is able to communicate something of 
the atmosphere of the debate, particu- 
larly as it has evolved in the US. 
There, as some of the foreign scientists 
who attended the Asilomar Conference 
discovered to their horror, the Press 
attend meetings organised by Federal 
agencies. At Asilomar, it became clear 
that their presence would ensure that 
not only the content but also the style 
of the argument would be relayed to 
the outside world. The sole public 
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objector to the Press at the meeting, 
when asked to explain his behaviour by 
an irate journalist, remarked that he 
“believed in the inalienable right of 
consenting adult scientists to make 
fools of themselves in private”. That 
exchange with a man who represented 
a newspaper that had brought about 
the downfall of the President of the 
country together with the fact that 
two-thirds of the participants were 
American, led to the perception that 
the discussion of the issue would be 
strongly affected by the political and 
scientific conditions of the US. As the 
book clearly shows, time has proved 
this to be correct. The action is set 
firmly on the American stage and there 
are only passing references to what was 
going on in the UK and other countries. 
True, very little was happening and 
then only on a more subdued level: 
but there can be no doubt that the 
Ashby Report was an important 
element in helping the Asilomar Con- 
ference to decide what work should be 
done, 

The book can only be comprehended 
in the context of American society 
We must remember that the issue arose 
at a time when the Watergate episode 
had suspended trust in governmental 
institutions, when the radical university 
movement had lost its focus with the 
end of the Vietnam war, when the 
honeymoon between pure science and 
government had ended, and when, 
even in the US. resources had become 
limited. Only these crude facts and not 
abstract principles can explain such 
bizarre events as the alliance between 
the radicals in Cambridge. Massa- 
chusetts, and the Mayor of that town. 

The reader will quickly find that the 
debate abounds with difficulties and 
paradoxes. Take the argument advo- 
cated by Sinsheimer and Chargaff that 
new artificial recombinants could gen- 
rate an evolutionary catastrophe. This 
raises a deep scientific question which 
cannot be dismissed simply by Char- 
gaff’s reference to “the evolutionary 
wisdom of the past million years”. We 
have to ask whether change in the bio- 
logical world is limited by the extent 
of genetic variation or by selective 
pressure. It is this question which lies 
at the heart of the debate, and it 
cannot be avoided. 

In our own time, an immense change 
has been wrought in the microbes 
associated with Man and animals. The 
enormous increase in antibiotic- 
resistant bacteria cannot be ascribed to 
the creation of novel recombinants out 
of nothing, but, as everybody knows, 
has been the direct outcome of the 
widespread and often indiscriminate 
use of antibiotics. The genetic elements 
conferring penicillin resistance must 
have existed before the discovery of 
penicillin; they were enriched because 
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< GENERAL TEXTBOOK OF ENTOMOLOGY 


Edited by O. W. RICHARDS, F.R.S. and R. G. DAVIES 


The new edition of this standard reference text, covering all aspects of entomology, has been 
-revised and extensively rewritten, reflecting the broader scope of entomology today, while retaining 
the features responsible for its renown. The new edition has been expanded to such a 
degree that it has been decided to publish it in two volumes: 

Volume One — Structure, Physiology and Development . 
Volume Two — Classification and Biology 
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INTRODUCTION T0 
BIOMETRICAL GENETICS 


K. MATHER, F.R.S. and J. L. JINKS, F.R.S. 

An up-to-date account of the subject designed 
especially for university students, whether senior under- 
graduates or others who have discovered the need for 
understanding continuous variation. The book shows 
how genetic models are formulated and tested, how the 
necessary parameters are estimated and interpreted and 
how the experiments are designed. Introduction to 
Biometrical Genetics is comprehensively illustrated by 
< numerous examples taken from plants, animals and man. 
October 240 pages 
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Biology and management of anguillid eels 
F. -W. TESCH i 


‘This is a solid work on the scientific and commercial 
biology of the eel.’ So wrote a reviewer of the original 
German edition in the Quarterly Review of Biology. 

In this first English-language edition, the content has 
been updated throughout, and the sections dealing 
-with physiology, anatomy and classification have been 
completely rewritten. 

The text covers all aspects of the natural history of 
the genus Anguilla with especial emphasis on the 
ecology, reproduction, migration, physiology, fishery 
management, fishing techniques and fish farming. 
24th November 408 pages 
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"INTRODUCTION TO HIGH 
PERFORMANCE LIQUID 
CHROMATOGRAPHY 


R. J. HAMILTON and P. A. SEWELL 


Introduction to High Performance Liquid Chromato- 
graphy has been carefully prepared to act as a coherent 
guide to the principles and practice of the technique for 
all those chemists, biochemists and pharmacists and 
students, who are learning about or who are actually 
using this increasingly valuable method of analysis. 
October 196 pages 


Hardback 412134004 £8.00 


‘HANDBOOK OF AIR 
POLLUTION ANALYSIS 


Edited by R. PERRY and R. YOUNG 


The primary object of this book is to provide a compre- 
hensive and practical manual on the best methods for 
the location, analysis and monitoring of atmospheric 
pollution. The contributors are drawn from a wide 
range of backgrounds and write from extensive personal 
experience on all these aspects catering for new 
workers in the air pollution field and also for others 
involved in the more specialized areas of research. l 
10th November 528 pages 


Hardback 412126605 £20.00 


*These titles are distributed in the USA by Halsted | 
Press, 605 Third Avenue, New York, NY 10016. 
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This book brings together the current knowledge, ex 
expanding field of mammalian parvovirus research. Thi 
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s comprehensive collection.of review and original research 
roperties of this family of ultrasmall; possibly monogenic 


viruses and outlines some of the intellectual challenges still to be resolved. ` 
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interested in genome structure, mechanisms of DNA 
during development and neoplastic transformation. 


Ë $24, clothbound . 
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etc.); the genomes of temperate phages (molecular weights, 
intracellular forms, integration sites, etc.); restriction en- 
donucleases (a complete list with recognition sequences); 
physical (endonuclease cleavage) and genetic maps of 
temperate bacteriophages i, P1, P2, P22, 680, and Mu: 
methods for cultivation and use of Mu. 
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yur technology produced an enormous 
ncrease in the concentration of this 
chemical in the world. Natural mech- 
anisms of recombination ensured that 
these would spread, given the selective 
pressure exerted. Thus, it could be 
argued that mere existence is not 
enough, even survival is not enough; 
for any element to come to dominate 
the world there must also be a strong 
selective advantage and the means for 
its transmission. It is not widely realised 
that the Western region of the US is 
one of the world epicentres of plague, 
yet this is patently not a serious disease 
in that country. The reason is not that 
every plague bacillus in California is 
securely locked up in a P4 facility but 
simply that the environmental struc- 
ture of a modern civilised society is 
incompatible with the selective propa- 
gation of that organism. 

These and other issues are still with 
us, and the story is by no means ended. 
Yet, in looking back over the past three 
or four years something positive has 
been accomplished. The research work 
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has been allowed to continue, perhaps 
at a slower pace than many people 
hoped for; it is the results that are now 
beginning to emerge that will bring the 
greatest justification when the tumult 
has quieted and the dust has settled; 
and what will remain for the historians 
of the future will be the insights the 
technique will have given into the 
structure of genes in higher organisms. 
Whether or not any of the other bene- 
fits promised by some molecular bio- 
logists will have become realised is hard 
to say. When they appear, however, it 
will be society and not science that will 
be judged, because some of us will then 
want to know whether these benefits 
are to be used for the good of all 
humanity .or merely to satisfy the sel- 
fish interests of some industrial 
societies. c 





Sydney Brenner is Head of the Division 
of Cell Biology at the MRC Laboratory 
of Molecular Biology in Cambridge, UK, 
and will become Director of that Labora- 
tory in 1979. 





Rational 
agriculture 


J. G. W. Jones 


The Famine Business. By C. Tudge. 
Pp. 141. (Faber and Faber: London; St 
Martin’s: New York, 1977.) £3.95; 
$8.95. 


me ae 
In writing about the future of world 
food supplies, authors are often 
tempted by one of two easy options: 
first, optimism that resources will be 
found to enable mankind to maintain 
the status quo, which in many respects 
is inequitable and dangerous for large 
groups of the World’s people; or, 
second, total disaster which could only 
result in global famine and a massive 
reduction in population through starva- 
tion. Mr Tudge avoids both these 
extremes and charts a much more 
difficult course for food production. 
He introduces his subject by assailing 
the myths of population, energy use, 
and aid to developing countries; there 
can be no repetition of the economic 
growth experienced by the Western 
World since the Industrial Revolution 
nor a solution to the problems of feed- 
ing the developing nations based on 
technologically advanced agriculture. 
On the one hand he rejects the idea of 
the “world farm”, where each area of 
the world specialises in growing what 
it is best able to, and on the other the 
idea of national self-sufficiency. The 
solution he proposes is one of “rational 








agriculture” which, considering the 
difficulties, he defines remarkably pre- 
cisely as “one that makes best use of 
the land, while meeting the nation’s 
nutritional needs and gastronomic as- 
pirations.” The physical organisation 
proposed consists of (a) regional special- 
isation to a degree for beans, cereals 
and potatoes, and (b) local self- 
sufficiency for fruit and vegetables 
together with pigs and poultry fed on 
plate wastes. Establishing a rational 
agriculture would be impossible in 
capitalist systems but what kind of 
political and economic framework 


. would be best is not stated. Capitalism 


is excluded on the grounds of its need 
for continuously expanding economies 
which are not sustainable in relation to 
food supplies unless irrational buffers, 
such as meat production from cereals 
or food processing, are introduced. 

In discussing the nutritional implica- 
tions of rational agriculture, the author 
asserts that man has always been om- 
nivorous; any imbalance towards car- 
nivorousness or herbivorousness is due 
to the omnivorous man’s capacity to 
adapt to circumstances, and especially 
to the commercial promotion of meat, 
since the Industrial Revolution. The 
protein myth is predictably debunked. 
A plea is made to use the peasant 
cuisines of the World which were based 
on austerity and evolved to make 
palatable and interesting dishes. 

The food processing industry is 
attacked as being concerned with un- 
necessary operations designed “‘to im- 
pose industrial techniques on food 
production”. Many of its claims are 
quite contrary to the facts; variety, 
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seasonality and localisation of food 
supplies are all lost. Is “convenience” 
really achieved when time and energy 
is spent on distant marketing at hyper- 
markets rather than in the kitchen 
cooking? Particularly adverse comment 
is levelled at what Tudge calls ‘‘ersatz’’ 
foods. The price of meat analogues 
should be compared with the price of 
the beans from which they are made 
rather than with the price of meat; it 
would then be seen that not only are 
they inefficient in the use of resources 
but also uneconomic from the con- 
sumer’s point of view. The industrial 
production of single-celled proteins is 
technologically too advanced for the 
Third World, and when all is said and 
done is only suitable for animal feed 
and thus inefficient. 

The book cannot be described as 
cranky. It is logical and engaging to 
read, and, except in his attacks on the 
food processing industry, the author is 
commendably restrained in his con- 
sideration of the implications of rational 
agriculture for technology and for 
capitalism. Politics, nutrition and com- 
merce have been mixed with icono- 
clasm to produce a book which should 
appeal to the idealist in every reader. 


J. G. W. Jones is Senior Lecturer in the 
Department of Agriculture and Horticul- 


` ture of the University of Reading, UK. 
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London, Cambridge and New York, 
1977). £9.10; $12.95. 





IN 1969, the Californian State Board 
of Education’s guidelines for school 
biology ruled that creation theory, as 
given in Genesis, be taught as a viable, 
scientific alternative to the theory of 
evolution, equal time being accorded 
to both. The target was, clearly, 
National Science Foundation-funded 
BSCS texts, with their evolutionary 
underpinning, and the ruling repre- 
sented a victory for local creationist 
pressure groups. Attacks on evolution 
were nothing new, and biologists re- 
sponded only slowly; eventually, how- 
ever, legal and political strategies 
seemed to be restoring the situation. 
Then, a nationally-linked network of 
creationist activists turned their atten- 
tion to a NSF-funded social science 
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course, Man: A Course of Study 
(MACOS), whose evolutionary under- 
pinning was far more explicit in its 
use of animal behaviour to develop 
concepts about the nature of man, and 
which fostered ideas of cultural re- 
lativism. The course had already re- 
ceived wide acclaim and, by 1974, was 
being used in some 17,000 schools in 
47 states. In 1975, however, after 
several local controversies, and follow- 
ing Congressional airing of the issue, 
funds for MACOS were terminated, 
sales plummeted, and a major re- 
evaluation of the NCF’s (federal) fund- 
ing of science curricula was instituted. 

The causes and effects of action can 
never be explained in their own terms, 
but only in relation to all the events— 
and the network of interests, vested or 
otherwise—of which the action is part. 
Clearly, creationists were merely 
catalysing processes already latent in 
American society, and Professor Nelkin 
therefore sought for more widely- 
dispersed social and political tensions. 
Her interest had been aroused initially 
by the fact that creationists were re- 
presenting themselves: as scientists, a 
claim that enabled them, in attacking 
science textbooks, to circumvent dis- 
missal on grounds of irrelevance or of 
infringement of academic freedom. 
Moreover, their focus on the highly 


sensitive area of the role of schools in ` 


value transmission enabled them to 
capitalise on a seemingly widespread 
concern over the erosion of traditional 
moral and religious values. Other signi- 
ficant tensions were concern for the 
control of hitherto ‘unaccountable 
executive bureaucracies’, for a ques- 
tioning of scientific ‘authority’, and for 
lay participation in decision-making. 
Professor Nelkin’s account makes 
fascinating reading and her analysis is 
valuable in. drawing attention to the 
significance of social climate in educa- 
tional decision-making, but it is not 
entirely satisfactory. This is, perhaps, 
partly because boundaries have to be 
drawn somewhere (the area is a very 
complex one), but it is also because 
there is some woolliness in the dis- 
cussion of, for instance, the nature of 
science and, in particular, the relation- 
ships between the sciences (especially 
when social sciences are included), and 
of the standing of evolutionary theory. 
The fact that MACOS is in fact in- 
tentionally directed towards the de- 
velopment of judgement and tolerance 
in a pluralistic, democratically orien- 
tated society is not made clear in her 
concern to juxtapose scientific and 
social values, and we get no explanation 
for social scientists’ failure to defend 
their project. (Biologists do not seem 
to have regarded it as their concern.) 
Curiously, too, no mention is made of 
the possible influence of economic re- 
cession on both sales and funding. 
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Nevertheless, there is a mine of in- 
formation and careful documentation 
here. The story is well told and is 
absorbingly interesting. The book is a 
most useful addition to the literature 
on curriculum change and social 
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climate and on pressure groups in 
science education. | 0O 
TER 
Mary Waring is Lecturer in Education 
(Social Biology) at the Centre for Science 
Education, Chelsea College, University of 
London, UK. 
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Stuart S. Blume 


Science, Technology and Society: A:Cross- 
Disciplinary Perspective. Edited by Ina 
Spiegel-Rösing and Derek de Solla Price. 
Pp. 607. (International Council for Science 
Policy Studies: London and Beverley 
Hills, California, 1977.) £20. 
me 
Tais volume offers a ‘state of the art? 
review of that somewhat diffuse research 
field called here Science, Technology and 
Society (STS) studies, directed “mainly 
toward scholars in the various constitu- 
ent sub-fields” (p3). Because the structure 
and value of the book can only be under- 
stood, .and its strengths and weaknesses 
assessed, in the light of some appreciation 
of the structure of the field, I must begin 
with some general remarks on the study 
of scientific activity. 

Research which the reviewer may 
choose to subsume under a heading such 
as STS in order to explore or (as in- 
tended here) to stimulate the ‘intellectual 
integration’ of the field is actually carried 
out from a variety of perspectives. Thus, 
sociology of science and the economics 
of research and development are both 
central, but most people working in these 








areas owe their principal allegiance to, 


and derive their research perspectives 
from, the well-established disciplines of 
sociology and economics. At the same 
time, there has emerged in the past 
10-15 years a substantial multidisci- 
plinary research activity, to which the 
existence of (for example) the Science 
Policy Research Unit at Sussex Univer- 
sity, the Science Studies Unit at Edin- 
burgh, and the Society for Social Studies 
of Science all bear witness. The fact is 
that the rapid growth, and institutional- 
isation, of both disciplinary and multi- 
disciplinary research has not resulted in 
any real crystallisation of the field. 

On the face of it, this apparently transi- 
tional intellectual structure has many 
parallels. Many new fields of scientific or 
technological research pass through 
phases in which some new integrative 
perspective competes, intellectually and 
professionally, with its parent disciplines. 
The early days of, for example, molecular 
biology, oceanography, radio astronomy, 
and materials science were like that. 
STS in fact differs from these in that ‘the’ 
new multidisciplinary perspective, which 


ought to provide the basis for a new 
crystallisation, is itself fragmented. 
Broadly speaking, one nucleus has been 
science policy: the practical problems of 
allocating resources to science, organising 
research, stimulating and evaluating tech- 
nological innovation, and so on. 
(Salomon’s chapter'in the volume under 
review shows how science policy research 
has been, in part, a response to the 
development and politicisation, of na- 
tional science policies.) Equally broadly, 
a second nucleus has derived from the 
growing conviction among (some) his- 
torians, philosophers, and sociologists of 
science that the production of scientific 
knowledge has to be seen as having both 
epistemological and social dimensions 
which in fact interact. Thomas Kuhn’s 
famous book The Structure of Scientific 
Revolutions was a major stimulus to this 
recognition of the need for cooperation. 

What we have today, therefore, is a 
considerable variety of research ap- 
proaches, and related problems and 
priorities, some of which (and these far 
from dominant) imply the need for 
greater cooperation between two or three 
relevant disciplines. For example, in 
addition to a perspective which relates 
sociologists, philosophers and historians 
of science, another begins to link econo- 
mists and political scientists in the study 
of technological change. 

In grouping their contributions into 
three sections, Ina Spiegel-Rösing and 
Derek Price have made a similar kind of 
categorisation of orientations to the field. 
The first section, seeking to be inter- 
grative, focuses mainly on the origins, 
institutional structure and cognitive struc- 
ture of STS as ‘a’ subject. The second sec- 
tion looks atthe achievements of social 
studies of science, taking the relevant dis- 
ciplines seriatim, whereas the final one con- 
siders science policy-related studies, and is 
mainly written by political scientists. 
Because part 1 is closely bound up with 
the scope, utility, and future of the 
subject as a whole I will postpone dis- 
cussion of it for the moment. 

Part 2 contains chapters by a sociolo- 
gist, two historians (of science and of 
technology), an economist, a psycholo- 
gist, and a philosopher. One turns to 
these chapters with numerous hopes: of 
an outline of the various perspectives 
current in each discipline, their achieve- 
ments, and their potentialities (especially 
for greater cooperation with other disci- 
plines); and of some communication of 
the excitement of the research. and of its 
currently crucial problems. Although 
some contributors (notably Fisch on 
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GAMETE RESEARCH: an latices 


journal devoted to animal and plant sex cells, 
fertilization and early development 





Edited by Ralph B. L. Gwatkin, Merck Institute for KSTADEN A Research 
P. O. Box 2000, Rahway, NJ 07065 
This new journal is devoted to increasing understanding of reproduction, cell surfaces, cell- 


cell interaction, growth and Gay lopment, infertility, and new contraceptive technology. 
Specific topics include: 


— animal and plant breeding gamete membranes and receptors 
— genetic engineering | — parthenogenesis 
— gamete transport | sex determination 
— preservation of eggs and sperm by freezing — nuclear transportation into eggs 
— in vitro fertilization and embryo culture | artificial insemination 
_— artificial egg activation 


First Issue To Be Published Spring 1978 
Volume 1, 1978, Four Issues $55.00 


Journal of Medical Virology 


Edited by Arie J. Zuckerman, Department of Microbiology, 
London School of Hygiene and Tropical Medicine, 
Keppel Street (Gower Street), London WC1E 7HT, England 


Journal of Medical Virology publishes major developments and reviews important progress 
in all aspects of medical virology: structure and composition of viruses, epidemiology, 
diagnosis, humoral and cell-mediated immune response, pathology, clinical features of in- 
fection, and treatment and prevention. 


Volume 2, 1978, Four Issues $35.00 


American Journal of Medical Genetics 


Edited by John M. Opitz, Clinical Genetics Center, 
University of Wisconsin-Madison, Madison, WI 53706 


American Journal of Medical Genetics publishes original research findings in the biology of 


genetic and congenital diseases in man. The journal also publishes reviews, case reports, 
editorial essays, and announcements. 


Volume 1, 1977/78, Four Issues $45.00 


ALAN R. LISS, INC. | scientific, Medical and Scholarly Publications. 
150 Fifth Avenue, New York, N.Y. 1001 


Circle No. 17 on Reader Enquiry Card. 
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OUTSTANDING 


BIOLOGY AND BIOMEDICAL 
RESEARCH 






é 


Selected in 1977 as 
the Best Book on a Medical Subject for Physiclans 
by the American Medical Writers Association 


Viral Infections of Humans 
Epidemiology and Control 


edited by Alfred S. Evans 
Yale University 


“... recommended highly as a reference for those 
involved In microbiology or virology courses for med- 
Ical students and should be a part of any medical 
or public health school library.” 

-—~American Society tor Microbiology News 
584 pp., iilus., 1976, $47.40/ £24.89 


The Science of Photobiology 


edited by Kendric C. Smith 
Stanford University School of Medicine 


This new book—the first comprehensive textbook in 
' the fleld—authoritatively examines each of the 
fourteen subspecialty areas of photoblology as 
designated by the American Society for Photobiology. 
431 pp., Illus., 1977, $42.00/£22.05 hardcover, 
$15.00/£7.88 softcover 


Immunopharmacology 


edited by John W. Hadden and Ronald G. Coffey 
Sloan-Kettering Institute for Cancer Research 

_ and Federico Spreafico 
“Mario Negri” Institute for Pharmacological 
Research 


Provides extensive information on experimental 
pharmacologic modulation of cellular immune 
response, the roles played by cyclic nucleotides, and 
applications in antl-Inflammatory, anti-allergic, 
immunosuppressive, and immunopotentlator 
therapies. Comprehensive Immunology, Volume 3. 
Series Editors: Robert A. Good and Stacey B. Day. 
423 pp., illus., 1977, $42.00/£22.05 

Not avallable from Plenum in Japan and Okinawa. 


- Advances in Microbial Ecology 


edited by M. Alexander 
Cornell University 


In recognition of the emergence of microbial ecology 
as a growing and Independent discipline, this 

series is devoted to the examination of diverse 
ecosystems and processes among all major 
categories of microorganisms. 

Volume 1: 268 pp., illus., 1977, $29.40/£1 5.44 





Regulation and Genetics: Viral Gene 
Expression and Integration 


edited by Heinz Fraenkel-Conrat 
University of California at Berkeley 


and Robert R. Wagner , 
University of Virginia 


Focusing on RNA and DNA viruses, this volume 
deals with modes of integration of tumor viruses into 
host cell genomes and the nature and role of 
defective interfering animal virus particles: . 
Comprehensive Virology, Volume 10. 496 pp., illus., 
1977, $47.40/£24.89 


Photochemical and 
Photobiological Reviews 


edited by Kendric C. Smith E 
Stanford University School of Medicine 


“The reviews themselves are lucidly written, critical 
as well as descriptive, giving both historical 
perspective and an up-to-date report of the literature 
. the new series will provide a valuable reference 
source for researchers and students interested 
In the Interaction of light and living matter.” 
—Barbara A. Zillnskas, BioScience 


Volume 1: 391 pp., illus., 1976, $39.00/£20.48 
Volume 2: 329 pp., illus., 1977, $35.40/£18.59 
Volume 3: approx. 265 pp., 1978, price not yet set 


Identified Neurons 
and Behavior of Arthropods 


edited by Graham Hoyle. - 
University of Oregon at Eugene 


Dedicated to Professor C. A. G. Wiersma’s pioneering 
work with crustaceans, this historic new book 
provides the only comprehensive summary of the 
latest research on the cellular basis of behavior in 
arthropods. 

approx. 590 pp., illus., 1977, $47. 40/ £24.89 


Nutrition, Immunity, and Infection 
Mechanisms of Interactions 


by R. K. Chandra 
Memorial University of Newfoundland 


and P. M. Newberne 
Massachusetts Institute of Technology 


Provides a concise, critical summary of the most 
recent research findings on the relationships among 
diet, morbidity, and mortality, and assesses the 
limitations and significance of the pertinent literature 
published up to and Including 1977. 

approx. 235 pp., illus., 1977, $27.00/£14.18 
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REMISIE Transient Techniquesin.. 
Electrochemistry | | 

l by Digby D. Macdonald 

Stanford Research Institute (SRI International) 


Contemporary Topics in Analytical Using detailed descriptions, the author explains how 


' and Clinical Chemistry _ the variety of currently available techniques may be 
d to analyze transient electrochemical processes. 
edited by David M. Hercules , use | | 
University of Pittsburgh 329 pp., illus., 1977, $45.00/£23.63 


Gary M. Hieftje 
Indiana University 


Lloyd R. Snyder 


Technicon Instruments Corporation TOCEANOGRAPHY 

and Merle A. Evenson ONO DE 
University of Wisconsin . 

The series includes articles on current analytical : 

techniques and state-of-the-art advances in related The Fate of Fossil Fuel CO, 


areas of importance. ‘in the Oceans 
Volume 1: 327 pp., illus., 1977, $30.00/£15.75 > 
' edited by Nell R. Andersen 


National Science Foundation 


and Alexander Malahoff 
New and enlarged edition National Oceanographic and Atmospherle ~ 


Salt-W Purificati Administration 
yea accgiincea aimee - Significant for its exclusive concentration on a single 


by K. S. Splegler ‘major atmospheric pollutant, this book explores the 
University of California, Berkeley ‘serious consequences of the increasing injection of 
; ' fossil fuel CO, Into the oceans. It's effect on our 
atmosphere, climate, and environment are examined 
‘In depth. Marine Science, Volume 6. 
749 pp., 1977, $71.40/£37.49 


Provides a basic introduction to the science and 
technology of the desalting process; including 
reverse osmosis (hyperfiltration), economic factors 
regarding equipment and materials, and alternate 
methods of securing an adequate water supply. 
189 pp., illus., 1977, $23.40/£12.29 


The Ocean Basins and Margins 


edited by Alan E. M. Nairn and William H. Kanes 
University of South Carolina 


The Chemical Physics of Surfaces and Francis G. Stehli 

by S. Roy Morrison l Case Western Reserve University 

Stanford Research Institute This volume focuses on the geophysical and 

“a treasury of Information and an essential geological aspects of the lands within, and marginal 
acquisition for any laboratory engaged in surface to, the Mediterranean Sea, examining all available 
studies involving catalysis and solid-gas or geophysical data, past tectonic features, and present 
solid-liquid interactions, especially of depositional features on the neighboring coastal 
semiconducting solids.” regions. 

. ' —David Tabor, Nature Volume 4A: The Eastern Mediterranean: 503 pp., 

415 pp., illus., 1977, $47.40/£24.89 illus., 1977, $59.40/£31.19 


PLENUM PUBLISHING CORPORATION 


R 227 West 17th Street, New York, N.Y. 10011 
In United Kingdom: Black Arrow House, 
, 2 Chandos Road, London NW10 6NR, England 
p Prices subject to change without notice. 


f Prices slightly higher outside the U.S. 
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Handbook of the Birds 
of Europe, the Middle 
East and North Africa 
The Birds of the Western Palearctic 
Volume l: Ostriches to Ducks 


Edited by Stanley Cramp 
and K. E. L. Simmons 


Great advances have been made in ornithology in 
recent years, and research is now conducted ona 
Wider geographical basis than in the past. This new 
Handbook is planned as a comprehensive and 
authoritative reference work for both the professional 
scientist and the amateur ornithologist. The seven 
volumes will cover all the 795 species of birds 
occurring in the area. Volume I covers the Ostrich Í 
Divers; Grebes; Albatrosses ; Petrels and 
Shearwaters ; Storm-petrels; Tropicbirds; Gannets 
and Boobies; Cormorants; Pelicans; Frigatebirds; — 
Bitterns; Egrets, Darters, and Herons; Storks; Ibises 
and Spoonbills; Flamingoes; Swans, Geese and 
Ducks. 56 colour plates. £25 


The Arthropoda 
Habits, Functional Morphology 7 


r 


and Evolution 
S. M: Manton 


The Arthropoda exceed in numbers of species the 
whole of the rest of the animal kingdom combined. 
Dr. Manton presents a review of the evolution and 
relationships of the Arthropoda, drawing upon half 
a century’s intensive study of their functional 
morphology and on embryological studies. The 
numerous original illustrations are an important 


feature of the book. A classification of the Arthropoda _ 


is included, and technical methods are covered ina 
brief appendix. Illustrated £20 


Two-Phase Flow 
and Heat Transfer 


Edited by D. Butterworth 
and G. F. Hewitt 


Iwo-phase flow, in which the interface between the 
phases, usually gas and liquid, is influenced by their 
motion, is a phenomenon of importance in a wide 
variety of industrial plant, including boilers and 
nuclear reactors. The achievement of the maximum 
economy, efficiency, and safety requires quantitative 
information about the relevant fluid dynamics and 
heat transfer. This book covers gas/liquid two-phase 
flow, two-phase heat transfer, hydro-dynamic 
instability, and condensation, finishing with a 
discussion of loss-of-coolant accidents in nuclear . 
reactors. £14 Harwell Series 


-= Oxford University Press 


Oxford books - new and forthc 


oming 
Physical Chemistry | 


- P. W. Atkins 


This completely new textbook of physical chemistry has 
been written as a basic course text suitable for college 
and university courses throughout the world, and will 
be the most complete and up-to-date textbook 
available. Its emphasis is on the explanation of 
concepts and on showing how qualitative physical 
ideas are turned into quantitative, testable theories. 
Special attention is paid to the simplification of 
conventional mathematical arguments, and to the 
explanation of their physical basis. Nearly 200 worked 
examples show how calculations are actually done. 
£15 paper covers £7.95 


Boolean-Valued Mi odels 
and Independence 
Proofs in Set Theory 


J. L. Bell 


Since the discovery by P. J. Cohen in 1963 of the 
independence proofs for the Axiom of Choice and the 
Continuum Hypothesis, 4 vast amount of work has 
been done on the foundations of set theory. This book 
aims at a motivated account of some of the most 
important results. £5.95 Oxford Logic Guides 


Mathematical 
Cosmology 
Peter T. Landsberg 





and David A. Evans 


Cosmology is a subject of much scientific and 
philosophical interest, but accounts are usually either 
non-mathematical or fully relativistic. This book 
gives readers a quantitative understanding of some 
of the important aspects of general relativistic 
cosmology, starting only with school mathematics and 
Newtonian ideas in physics. It is concerned mainly 
with various models that have been proposed to 
explain the large-scale structure of the universe: the 
Friedmann models, steady-state models, and model 
universes involving pressure. £6.95 


Nonlinear Ordinary 
Differential Equations 
D. W. Jordan and Peter Smith 


This textbook in the qualitative theory of nonlinear 
differential equations is for students in mathematics or 
in mathematics-orientated combinations and is 
directed towards practical applications. There are over 
400 examples and exercises in which a wide variety of 
mechanical, biological, and electrical applications 
appear. £12 paper covers £6.50 Oxford Applied 
Mathematics and Computing Science Series 
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psychology of science) are greatly handi- 
capped by lack of progress to report, on 
the whole one is not disappointed. 

MacLeod’s chapter on the social 
history of science is particularly success- 
ful. He shows that this remains a minority 
perspective within the history of science, 
because it rejects the common assump- 
tion that scientific developments can be 
understood in terms purely of their 
intellectual antecedents, without refer- 
ence to the environment of discovery. 
Moreover, for the social historian (though 
not for the orthodox ‘internalist’), this 
environment is itself a subject of interest, 
providing potential linkages with other 
disciplinary perspectives. One turns the 
final page of MacLeod’s chapter both 
informed and enthused. 

Freeman (on the economics of R&D) 
and Mulkay (on the sociology of science) 
provide the highly professional treat- 
ments one expected. Freeman outlines the 
perspective on science and technology 
found in each major school of economic 
thought, from Adam Smith, and indicates 
the findings of recent empirical work, on 
technological change. He devotes con- 
siderable space to the kinds of question 
which might lead to greater cooperation 
between economists and other specialists 
(for example, whether government in- 
vestment in industrially orientated R&D 
should supplement or complement—in 
terms of industrial sector and timescale 
of benefits—what firms themselves do), 
and ends with a plea for a “political 
economy” of R&D. 

Mulkay concisely summarises the major 
achievements of the sociology of science 
since R. K. Merton’s pioneering work of 
the 1930s. He might only be faulted for 
saying too little about the frontier points 
at which sociologists are coming to work 
with philosophers on the one hand (partly 
treated by Böhme) and political scientists 
on the other. 

There is considerable overlap in part 3 
between Sapolsky (on science, technology 
end military policy), Schroeder-Gudehus 
(on foreign policy) and Skolnikoff (on 
the international system), although each 
writer offers valuable insights. I did feel 
the need, however, for some (even impli- 
cit) notion of the uniqueness and co- 
herence of science and technology; more 
sociological understanding might have 
been helpful. An adequate understanding 
of the changing relationship between 
scientists and political power (treated by 
Lakoff) must involve appreciation of the 
effects of this relationship on the ethical 
and normative system of science, the 
constraints on the occupants of advisory 
roles, and so on. These are (partly) 
sociological questions. 

Still more important, though seemingly 
unrecognised, is the need for some kind 
of theory of technological change. For 
example, Sapolsky makes the interesting 
observation (p458) that the process of 
weapons development may have become 


Book Review Supplement 


‘autonomous’: “so oriented to serving its 
own internal needs that it weakens 
security by generating weapons which 
are too costly to produce” in sufficient 
quantities. Layton, writing about the 
history of technology, refers (p127) to 
demands for more socially responsive 
technology as requiring “‘a change in the 
inner structure of technology”. But what 
is this “‘inner structure” and how does it 
change? 

In Nelkin’s chapter, we turn from the 
disciplines of the social sciences to the 
real world problems posed for policy- 
makers and citizens by modern science 
and technology. How can we make social 
assessments of technology? How can 
adversary (for example, court) proceed- 
ings cope with technical questions ? When 
should we mount a giant “Manhattan 
Project” attack (for example, on cancer) 
and when should we more wisely invest 
principally in basic research? STS re- 
search has few answers here, and this has 
to be recognised in assessing the current 
usefulness of the field, and the book, to 
those wlio are concerned non-specialists. 

I now return to part 1, which is most 
relevant to a general overview. It is cer- 
tainly recognised here that the current 
state of STS research is not such as to 
throw much light on practical questions 
(other than in some very narrow areas). 
But part 1 should have gone further. 
These practical questions surely require, 
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as most practical questions do, an inte- 
gration of insights of a multidisciplinary 
nature. It is clear from the book that in 
this field such integration, such crystal- 
lisation, has made little progress. And 
yet in many of the contributions one 
finds reference to problems and per- 
spectives that promise or imply coopera- 
tion with other disciplines. The locus of 
these cooperative possibilities, which 
could have been traced out, might have 
served as a beacon to those wandering 
this terrain. 

Some of those who work on STS will 
take pride in the achievements charted in 
this book. Others, among whom I include 
myself, are perturbed rather that so much 
has happened in so piecemeal, so inco- 
herent a fashion. The vast creative effort 
which might have forged of this book a 
motor of real progress has not been made. 
Perhaps no-one could have done it, and 
the criticism is unfair. I can certainly 
say that anyone deriving sociological, 
economic, philosophical or policy re- 
search problems from science and tech- 
nology should read the book. I cannot 
really recommend it more widely, and 
indeed I rather hope that my erstwhile 
science policy colleagues in Whitehall do 
not read it. It will not persuade them of 
the usefulness of this kind of work! 


Stuart S. Blume now works in the Department 


of Socioiogy and Psychology at Chelsea 
College, University of London, UK. 





Utopian 


dream 


Marie Jahoda 


Civilization in Crisis: Human Prospects 
in a Changing World. Pp. 303. By 
J. A. Camilleri. (Cambridge University: 
Cambridge, New York and London, 
1977.) £7.50 (paperback £2.50). 


CAMILLERI, a young Canadian political 
scientist at Le Tobe university, has 
performed a tour de force in this book. 
He aims at nothing less than a compre- 
hensive diagnosis of the many factors 
which account for the ‘‘decadence of 
industrial culture’, to establish a 
“utopian vision? and to propose a 
“realistic strategy for change”. 

The major part of the book is devoted 
to the diagnosis of the current crisis 
which Camilleri regards as a crisis 
threatening the survival of man as a 
species. His arguments go, however, in 
scope and spirit, beyond the usual 
doomsday forecasts, even though he 
uses ideas and assertions from that 
source where they fit his purpose. 

The major symptom: of the crisis is, 
according to Camilleri, widespread 
alienation: “ .. . political apathy, social 
anomie and mental or emotional dis- 





order are the product of the dual 
process of domination and alienation to 
which the technological society subjects 
the human psyche” (p13). Drawing on 
a wide range of literature, including the 
various social sciences, philosophy, cul- 
tural critiques and analyses of current 
economic, political and military events 
on a world-wide basis, he suggests that 
only a radical change in international 
and national institutions can avoid 
disaster. 

In discussing the economic and 
political dilemmas of the world and 
their manifestations in increased 
inequality, underdevelopment and 
instability technology emerges as the 
major villain, leading to bureaucratic 
centralisation in capitalist and advanced 
communist societies, testing existing 
institutions beyond their limits and 
creating an intolerable imbalance. But 
on p222 Camilleri pulls himself and the 
reader sharply up in recognising that 
he is in danger of throwing the baby 
out with the bathwater: ‘‘...we may 
have created the erroneous impression 
that technology lies at the root of the 
modern human predicament. The 
problem of domination and dehuman- 
isation that we have been describing 
cannot be attributed to technology as 
such, but only to the specific role 
assigned to it by the ideology of indust- 
rialisation.”” But he remains evasive on 
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how international inequalities can be 
reduced without some ideology of 
industrialisation in poor countries. 
There are various hints in the book 
suggesting that the Chinese experiment 
in social organisation may be one way 
out of the dilemma. But Camilleri is 
too concerned with the liberation of 
the indivdual to suggest a wholesale 
transfer of an experiment whose 
authoritarian character the Western 
world is beginning to realise as the per- 
haps inevitable counterpart of its re- 
markable virtues and achievements. 
Camilleri’s “utopian vision” is culled 
from a number of thinkers: of most 
diverse outlook—Marcuse and Pope 
Paul VI, Marx and Teilhard de Chardin, 
Mao and Gestalt therapists, Illitch and 
(surprisingly and only in a note) 
Skinner. The author is right, of course, 
in saying that any critique of the pre- 
sent involves at least logically a concept 
of what could be, and equally right in 
not proposing a blueprint but rather a 
set of human values which should be 
maximised in a new cultural synthesis. 
Central to this deliberately vague utopia 
is the small organic community where 
“the liberation of human sensitivity and 


sensibility is made a primary goal of. 


social interaction” (p187). 

It is to the author’s credit that he 
does not shirk the question of how to 
make this often dreamt dream come 
true, even if his answer is more appeal- 
ing for its sincerity and morality than 
convincing as a solution. Camilleri 
advocates a non-violent cultural revolu- 
tion which he sees already emerging in 
the rich worid: “Once the counter- 
institutions, whether it be free 
universities, underground churches, free 
presses, community schools, worker- 
directed enterprises or neighbourhood- 
controlled welfare services, have dem- 
onstrated their efficiency and legitimacy 
through a continuous process of 
innovation and experimentation based 
on service and direct participation, the 
established institutions are likely to 
collapse with little or no coercion 
required... .”? (p254). 

One can hardly blame the author for 
not having solved all the ‘world’s 
problems. Nobody else has done so 
either. But such naiveté, together with 
many unexamined assertions and some 
inconsistencies in the book, overshadow 
its positive features. 

The value of the book to a reader 
wishing to appraise the evidence on 
which the author bases his arguments 
would have been enhanced, had the 
index included references to the Notes. 





Marie Jahoda, Professor Emeritus of Social 
Psychology, is now senior research con- 
sultant to the forecasting programme of 
the Science Policy Research Unit at the 
University of Sussex, UK. 
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Hard and 
soit paths 
P. F. Chapman l 


Soft Energy Paths. Towards a Durable 
Peace. By Amory B. Lovins. Pp. 254. 
(Ballinger: New York; Wiley: Chi- 
chester, UK, 1977.) Hardback $15.40; 
£9 Pp. xx+231. (Penguin Books: 
Harmondsworth, UK, 1977.) Paper- 
back 95 pence. 

ee 
AN energy policy involves a projection 
of energy demand at some future date 
coupled to a means of supplying the 
réquisite quantities of energy in 
appropriate’ forms. Although there 
are radically  differént policies 
advocated, each with its own mix of 
supply technologies and demand esti- 
mates, virtually all policy analysts are 
agreed on the ground rules that must 
be used to evaluate or judge a policy. 
The first rule is that the demand pro- 
jection and methods of energy supply 
should neither require nor impose any 
substantive change in consumers’ life- 
style. The second is that all the tech- 
nologies involved, either in supply or 
utilisation, should either be proven or 
have a demonstrably high chance of 
feasibility. The third rule is that the 
policy should provide energy at least 
cost. If this latter cannot be demon- 
strated then it is essential to demon- 
Strate that all investments show an 
adequate return on capital. The differ- 
ences between advocates of different 
policies can, under these agreed rules, 
be boiled down to different choices of 
important parameters, with each 
author accusing others of making 
choices of convenience. Since many of 








' the important parameters are in prin- 


ciple unknowable, this leaves plenty of 
room for endless, and fruitless, debate. 

In his new book, Soft Energy Paths, 
Amory Lovins attempts to use the 
agreed rule book to show that the 
“hard technologies” advocated by the 
establishment are significantly less 
desirable than the “soft technologies” 
proposed by environmentalists, con- 
servationists, lovers of peace, and... 
Amory Lovins. The basic thesis of the 
book was published .by Lovins in 
Foreign Affairs, an influential US 
quarterly. The article is reproduced as 
chapter 2 of the book, the remaining 
chapters serving to embellish and docu- 
ment the arguments. Although the 
approach and data in the book are 
clearly aimed at influencing US energy 
policy, Lovins makes it clear that the 
same principles and analyses could, and 
should, be applied in all industrial 
nations. 


The ‘hard’ path described in the 
book is based on the policies of a 
number of US agencies, including the 
Energy Research and Development 
Agency. This policy has energy demand 
(in primary energy terms) doubling by 
the end of the century and increasing 
by as much again by 2025. Over the 
50-yr period, oil and gas decline from a 
75% market share to about 10% with 
coal and nuclear power accounting for 
both the growth and the substitution. 
Lovins argues against this policy in 
terms of’ changes in lifestyle and un- 
acceptably high costs. He shows that 
the massive use of technical resources, 
the potentially enormous environ- 
mental damage and the security 
measures required for a massive nuclear 
programme, will alter the way of life 
of most Americans. He also argues, 
with considerable conviction, that the 
development of nuclear power will 
lead to the widespread proliferation 
of nuclear weapons with potentially 
enormous effects on ‘lifestyles’. a 

Lovins’ critique of the hard path on 
cost grounds is similar to many pre- 
vious analyses. There is no doubt that 
the costs of nuclear systems are becom- 
ing embarrassingly large, and there 
seems to be no decrease in their escala- 
tion at a rate substantially faster than 
the rate of inflation. To this embarras- 
singly high cost, Lovins adds the equally 
enormous costs of distributing elec- 
tricity to consumers. He then makes 
the numbers absurdly high by dividing 
by an unrealistically low ‘load-factor’. 
This ‘is silly, since it provides ammuni- 
tion for those who would knock down 
an otherwise ‘sound and important 
argument. - 

Underneath the critique of the hard 
path, there are a number of principles 
which show Lovins’ previous training 
in physics. The first is an obvious dis- 
taste for waste of a physical commodity 
which, by any route, is. going to be 
more expensive in the future. The 
second is the mismatch implied between 
the high quality of energy supplied to 
consumers (electricity) and their low 
quality energy requirements (low tem- 
perature heat). Lovins attacks the 
question of mismatch, directly as a 
matter of principle, without drawing 
on the obvious economic argument that 
rising prices will push consumers 
towards more appropriate fuels. This 
is perhaps because Lovins subscribes to 
Galbraith’s thesis which puts sove- 
reignty in the hands of producers not 
consumers. 

Improving the match between energy 
supply and end-use function is one 
of the major starting points for the 
‘soft? path synthesis. Another is that 
if one can use ambient energy sources, 
particularly wind and solar, then one 
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can avoid most of the costs of energy 
transmission. To these significant 
advantages, Lovins then adds a number 
of very dubious cost advantages associ- 
ated with small scale mass production 
(as opposed to large scale one-offs). It 
is here that Lovins falls into the 
ubiquitous trap of choosing data that 
happily proves his case. Two examples 
illustrate the type of problems involved. 

First, Lovins suggests that car 
engines provide a system of electricity 
generation at a cost of $40 per kW 
compared with power station costs of 
more than $400 per kW. Lovins omits, 
however, to cost the 100 kW generator 
that needs to be coupled to the car 
engine. More seriously, his argument 
for mass production is undermined 
when it is realised that a car engine is 
worn out after 4,000 h of running time, 
whereas a large generator is expected 
to run for 6,000h per yr for 20 yr or 
more. 

The second example concerns the 
cost of solar energy systems. Lovins is 
only concerned with the cost of active 
solar systems, employing flat plate 
collectors and large hot-water heat 
stores. He arrives at a figure of $100/ 
m? of collector plus a mê of storage. In 
the UK, an optimistic cost for solar col- 
lectors is £50/m’. The cost of storage 
in the UK has been put at £300/m’* by 
the Buildings Research Establishment. 
By using cheap agricultural tanks and 
the cheapest methods of installation and 
insulation this cost can be reduced to 
£40/m* for moderate tank sizes (over 
40 m°). Thus UK costs are at best £90 
per (m?’+m’), equivalent to $150. This 
estimate is, however, still too low, since 
it ignores the cost of loss of house 
space and control equipment. The 50% 
difference between the most optimistic 
UK figure and Lovins’ data is sufficient 
to cast serious doubts on the cost- 
effectiveness of active solar systems. 

There are other serious criticism of 
the proposed ‘soft path’. Throughout 
the book Lovins fails to produce com- 
prehensive data on how much energy 
is to be supplied by what source for use 
by which consumers. Many attractive 
back-of-the-envelope calculations fall 
down when examined in detail, espec- 
ially in complex energy systems. There 
is also no adequate discussion of the 
environmental effects of the soft path. 
In this respect, windmills are clearly 
cast in doubt, and outside the US there 
are few countries who could afford 
much acreage for growing ‘biomass’ 
fuels. 

Although Lovins’ book does fail on a 
number of technical issues, this is more 
than compensated by his breadth of 
approach. Energy policy questions are 
cast in a very general sociopolitical 
framework and a number of important 
questions raised. Of these, the relation- 
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ship between nuclear power, centralised 
control and weapons proliferation are 
the most important and urgent. Is any 
energy policy important enough to 
threaten every nation’s foreign policy? 

Although Lovins clearly identifies 
many of the central issues, one is left 
with a number of important questions 
unanswered. The last four years have 
seen some remarkable shifts in atti- 
tudes towards the alternative (or soft) 
energy technologies with most nations 
now actively supporting a very diverse 
energy research and development pro- 
gramme. There remains, however, an 
enormous commitment to nuclear 
power. The costs are embarrassing both 
the utilities in the US and the Central 
Electricity Generating Board (CEGB) 
in the UK. (Here, it is interesting to 
note that the CEGB is supporting 
British Nuclear Fuels Limited at Wind- 
scale, despite their admission that re- 
processing will cost them about £300 
million more than obtaining fuel from 
uranium ore). 
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Wherein lies the source of this com- 
mitment? Is it the massive investment 
in nuclear technology? Is it the enor- 
mous institutions built-up on nuclear 
technology employing so many highly 
qualified scientists and technologists? 
Or is it perhaps the military link? 
Lovins book is causing ripples in the 
US and may encourage President 
Carter to go further with his non- 
proliferation policies. It will certainly 
provoke interest and controversy in the 
UK. But before any action can be taken 
on a ‘Soft Energy Path; Toward a 
Durable Peace’, someone will need to 
analyse the soft path in far greater 
detail and be able to account for the 
commitment to the hard path policies 
presently being followed by all the 
industrial nations of the world. c 





P. F. Chapman is Senior Lecturer in 
Physics and Director of the Energy 
Research Group at the Open University, 
Milton Keynes, UK. 
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Cosmo.ocy does not, on the face of it, 
have much to do with the subtleties of 
terrestrial economics and politics. 
Nevertheless, Sir Fred Hoyle has taken 
a flying leap out of the galactic depths 
and into the middle of one of today’s 
most immediate and heated contro- 
versies. Sir Fred, of course, is no 
stranger to controversy. He is, how- 
ever, something of a stranger to energy 
policy, as he demonstrates repeatedly 
in his lively polemic Energy or Extinc- 
tion? He writes, as usual, with flair and 
enthusiasm. All too often, however, he 
finds himself out of his depth. 

The tone is set by Sir Alan Cottrell’s 
Foreword to the book: “It is about 
energy: about the alarming prospect 
that oil will soon run out and not be 
replaced by anything else. It shows that 
—contrary to an influential belief—we 
do not have time, that there is no 
practical alternative to nuclear energy 
_..” After this outburst, Sir Alan goes 
on to deplore the “‘hysteria of the anti- 
nuclear environmentalists’’. Both the 
Foreword and the book it introduces 
bear witness that environmentalists 
have no monopoly on hysteria. Sir 
Alan’s allusion to the book’s “refresh- 
ing commonsense” runs afoul of its 


very title; do we really have to choose 
now between “energy or extinction?” 
It is an emotional catchphrase that 
begs almost all the important questions. 

Sir Fred’s approach to energy policy 
is based on a series of non-negotiable 
assertions couched in stark all-or- 
nothing terms: “There can be no dis- 
agreement with the statement that 
world reserves of coal, oil and gas can 
provide an adequate energy source for 
only a limited future . . . nor can it 
be contested that most of the world’s 
population . . . will die in a disastrous 
catastrophe should an adequate energy 
source not have been developed by the 
time that reserves of coal, oil and gas 
become exhausted... nor can there be 
any serious debate over the statement 
that the only alternative energy source 
presently known to be technically 
viable (italics in original) is energy 
from the nuclear fission of uranium or 
thorium”. If Sir Fred genuinely be- 
lieves that none of these assertions can 
be disputed, he has somehow failed to 
notice the boiling ferment now engulf- 
ing energy policy worldwide. 

He has also overlooked a funda- 
mental consideration which is likewise 
absent at key places elsewhere in the 
book: the matter of cost. Even ‘“re- 
serves” of fuel depend critically on the 
extraction cost assumed, as well as the 
value assigned to the fuel in use. ““Most 
of the world’s population”, however, 
presently depends largely on forms of 
energy which are not bought and sold. 
Technical ‘‘viability’—surely a contra- 
diction in terms—is long since proven 
for many energy technologies, and is 
not the central problem. The primary 
problems are economic—how much 
money and time we are prepared to 
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spend on various aspects, especially 
investment; social—the costs and bene- 
fits, and how they are to be appor- 
tioned, especially employment; and 
political—who shall decide, and how. 
Despite Sir Fred’s suspicions, the factor 
now impeding nuclear development is 
not the third but the first of these: the 
cost and the lead-time. 

Sir Fred belongs to the traditional 
school of energy forecasters, whose 
motto is “Think of a number and 
double it”. He notes that Britain’s per 
capita annual use of energy is only 
about half that of the US: “this of 
course is the over-riding reason why 
the standard of living is lower in Britain 
than it is in America. By doubling the 
British energy flow, our standard of 
living would rise inevitably towards the 
American level”. That being so, why 
do we not simply turn up the central 
heating and open all the windows? The 
putative link between GNP and energy 
use looks more tenuous every year, to 
Say nothing of that between GNP and 
‘standard of living’ in meaningful 
terms. Sir Fred, however, desires ‘‘to 
raise the standard of living of every- 
body in the world to the American 
level”—presumably by American 
cultural standards, universally acknowl- 
edged as the acme of human accom- 
plishment. It seems not to trouble him 
that the immediate requirement of 
most of the planet’s people is for local 
energy systems, using local skills and 
most of the planet’s people is for local 
money. In most Third World countries, 
capital-intensive centralised electricity 
systems are a comprehensively inappro- 
priate misallocation of effort, as even 
the World Bank is coming to accept. 

Sir Fred is convinced, however, that 
this is how we must deploy our re- 
sources. He is concerned with energy 
supplies 30,000 years hence, but has a 
shakier grasp of more relevant time- 
scales, “It is a mistake to think that 
conservation could go very far towards 
mitigating our future need for energy. 
Conservation could moderate the need, 
but by no great margin, for if the 
margin were great, conservation would 
have happened already”. Our present 
pointlessly wasteful infrastructure— 
buildings, transport, industrial plant— 
was established during a period of 
absurdly cheap energy. This infrastruc- 
ture cannot be replaced overnight with 
one more appropriate to a time of high 
energy price. Such replacement, how- 
ever, is already underway; and it does 
not in any way imply—in Sir Fred’s 
phrase—a ‘“‘hairshirt economy” (see, 
for instance, the evidence given by 
Friends of the Earth to the Windscale 
inquiry). 

Sir Fred’s lack of first-hand acquain- 
tance with the work and views of 
Friends of the Earth led him and his 
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publisher into a slight contretemps. The 
opening chapter of the book suggests 
in lurid terms that critics of nuclear 
power like Friends of the Earth are 
agents or dupes of the Kremlin. Before 
the book’s publication, however, Sir 
Fred and Heinemann added and circu- 
lated a statement, withdrawing all im- 
putations of ‘reds under the reactors’: 
and two staff members of Friends of 
the Earth were guests at the book’s 
publication party. ` 

There are a few lapses which Sir 
Fred should have caught: “molecules” 
of salt? His discussion of the nuclear 
option itself suggests that he needs 
further homework here as well: ‘‘fuel 
elements” or “fuel assemblies”, but not 
“fuel cells”, and power reactor control 
rods are not made of cadmium. His 
discourse on radioactive waste com- 
mences with another brisk wave of the 
hand: “I have always been asked 
about the “problem” of the disposal of 
radioactive wastes. There is no prob- 
lem, and the thought that there is, if 
the concern is genuine, can only come 
from ignorance and from a fear of the 
unknown”. Perhaps he should have a 
word with Sir Brian Flowers, whose 
ignorance and fear of the unknown are 
conspicuous by their absence. Sir Fred’s 
otherwise generally lucid prose ties 
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itself in knots during his attempts to 
banish the non-problem. He also gets 
the half-lives of both strontium 90 and 
caesium 137 wrong. 

Much the most unsatisfactory para- 
graph in the book, however, is his 
extraordinary dismissal of the issue of 
nuclear weapons proliferation. Rarely 
have I seen such wilful sophistry as the 
assertion that linking nuclear energy 
and nuclear bombs is on a par with 
linking “‘eating a piece of chocolate and 
exploding a hand grenade” because 
“both (are) manifestations of chemical 
energy”. This will not do, and Sir Fred 
should know better. 

It is ironic that—assuming we move 
quickly to resolve the nuclear weapons 
problem—the so-called ‘anti-nuclear 
environmentalists’”’ are today the op- 
timists, who foresee an abundance of 
options and are working eagerly to 
respond to the challenge. Those who 
insist that the choice for humanity now 
lies between nuclear energy and freez- 
ing in the dark are—in Sir Fred’s 
verbal boomeranging—‘‘scaremongers 
whose prime concern is to frighten 
people”. Cheer up, Sir Fred—from 
where we sit the view is really rather 
encouraging. g 





Walt Patterson is Energy Consultant to 
Friends of the Earth (London) Ltd. 
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Climate: Present, Past and Future. 


Vol. 2: Climatic History and the 
Future. By H. H. Lamb. Pp. 835. 
(Methuen: London; Barnes and Noble: 
New York, 1977.) £38; $85. 
n 
THE arrival of the second volume of 
Professor Lamb’s epic on climate has 
been eagerly awaited by everyone 
working on studies of the climate. The 
first duty of any reviewer is to report 
that the book is no disappointment, 
fulfilling the high expectations of those 
who have already found the first 
volume indispensable. That said, it 
might seem that further comment is 
superfluous; but since 1972, when 
volume 1 of Climate: Present, Past 
and Future appeared, debate about 
climatic change has moved so much 
into the realms of the planners, poli- 
ticians and concerned laymen with no 
specialist training in the subject, that 
the book is now of far wider signi- 
ficance, and likely to have a much 
broader impact, than even the author 
could have imagined when he began 
his mammoth task twelve years ago. 


Recent vagaries of the Earth’s at- 
mospheric system have been front-page 
news around the world, and include 
record-breaking drought followed by 
record-breaking precipitation in Eng- 
land; simultaneous severe drought in 
the western US and heavy snowfall 
in the east; failures of the monsoon 
in some parts of the world; and frosts 
in Brazil, which have been used as 
an explanation of recent dramatic 
increases in the price of coffee. The 
latest annual report of the UK 
Meteorological Office was the subject 
of a first leader in The Times in which 
the writer commented ‘“‘there seems 
little doubt that the world’s climate 
has been changing’, and was taken 
to task by a member of the School 
of Geography in Oxford who argued 
that it has all happened before and 
refused to accept “that recent weather 


events in Britain provide reliable 
evidence for a significant climatic 
change”. - 


When the world’s weather seems to 
be turned topsy-turvy, but specialists 
can be found prepared to argue any 
of the cases that: (1) nothing unusual 
is happening; (2) we are hastening 
towards a new Ice Age; or (3) present 
troubles are caused by the greenhouse 
effect of human activities which pro- 
duce carbon dioxide and warm the 
globe, the wretched non-specialist— 
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Contents: . 

Materialism Transcends Itself. The Worlds 1,2 and 3. Materialism 
Criticized. Some Remarks‘on the Self. Historical Comments on the 
Mind-Body Problem. Summary.—The Cerebral Cortex. Conscious 
Perception. Voluntary Movement. The Language Centres of the 
Human Brain. Global Lesions of the Human Cerebrum. Circum- 
scribed Cerebral Lesions.— The Self-Conscious Mind and the Brain. 
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This book is timely, as it appears at a point of impasse between 
philosophy and science. It creates the first link between the philoso- 
phy of the self and neurobiology. In dealing with the self, philoso- 
phers have so far taken little account of scientific knowledge of the 
brain; scientists, for their part, have traditionally avoided philosophy 
in favour of purely material evidence. 


Eccles (a neurobiologist) and Popper (a philosopher), both believers 
in dualism and interactionism, consider the existence of conscious- 
ness one of the greatest riddles of cosmology. 


In Part I, Popper discusses the philosophical issue between dualist 
or even pluralist interactionism on the one side, and materialism and 
parallelism on the other. There is also a historical review of these 
issues. 


In Part II, Eccles examines the mind from the neurological standpoint: 
the structure of the brain and its functional performance under 
normal as well as abnormal! circumstances, for example when lesions 
(especially those surgically induced) are present. The result is a radical 
and intriguing hypothesis ‘on the interaction between mental events 
and detailed neurological occurrences in the cerebral cortex. 





Part III, based on twelve recorded conversations, reflects the 
exciting exchange between the authors as they attempt to come to 


Springer | terms with their conflicting opinions. This part preserves the intimate < 
= ; quality of these dialogues, and shows how some of the authors’ ¢ 
International | viewpoints changed in the course of these daily discussions. 2 
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who, in this case, may be involved in 
attempts to improve agricultural pro- 
ductivity to meet the needs of a grow- 
ing global population—needs some 
secure foundation on which to base 
his interpretation of climatic events. 
Professor Lamb’s books provide that 
secure foundation, and the second 
volume is of particular importance 
to anyone concerned in an empirical 
way with changes in climate, concen- 
trating as it does on climatic history 
and on implications for the future. 

The simplest and most reliable guide 
to the climate is that if something 
has happened before it can happen 
again. Professor Lamb’s look at what 
has happened before covers success- 
ively, and in increasing detail, the long 
history of the Earth, the Quaternary, 
postglacial times, the historical record, 
and the period of instrumental records. 
This natural division of attention re- 
flects, of course, the amount of 
detailed information available, but also 
concentrates on the periods of most 
interest now—the most recent fluctua- 
tions in climate. With an outline of 
more distant, long term events as back- 
ground, the changes since the most 
recent full glaciation provide the appro- 
priate insight into what may be happen- 
ing to climate today. Suggestions that 
man’s activities are solely responsible 
for increased Saharan desertification, 
for example, should be considered in 
the light of evidence about past de- 
velopment of the desert; this would 
seem to indicate that both the Sahara 
and Kalahari deserts spread towards 
the equator during periods of cooling 
climate. 

Cooling phases are likely to be of 
particular interest at the present time, 
since the consensus of various fore- 
casts assembled by Professor Lamb is 
that we are likely to see a continued 
global cooling over the next 30 years 
or so. This is not to say that we yet 
have reliable means to forecast such 
changes in detail, but “encourages 
belief in the possibility of developing 
a real forecasting skill in relation to 
such periods ahead, and suggests that 
some useful guidance has already been 
obtained from this scientific research”. 
The joker in the pack, however, is 
the prospect that mankind’s activities, 
most likely the carbon dioxide green- 
house effect, will introduce a signi- 
ficant new variable into the climatic 
system just at a time when we are 
on the brink of understanding the 
natural processes. 

Professor Lamb’s great achievement 
is that he has assembled in one place 
a vast store of information about the 
climate, encapsulating present knowl- 
edge at this critical watershed in the 
development of such an understanding. 
As a sourcebook for everyone working 
on the subject, the book would be 
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invaluable even if it were not well 
written; in fact, the author presents 
his material (from the implications of 
plate tectonic theory to the effects of 
mankind’s activities on climate) so 
clearly that the volume would be a 
pleasure even to the casual reader who 
might dip into the sections on his- 
torical changes in climate and effects 
on human activities. Alas, I use the 
word “might” advisedly; for the price 
of the present volume is so great as 
to preclude any casual reader, along 
with many who have a Serious interest 
in the subject. 

At £38 (in the UK) for a single vol- 
ume—even one of major importance, 
well written and more than 800 pages 
long—the publishers must surely be 
reaching the point of diminishing re- 
turns. Can any working scientist pos- 
sibly buy such a book? And, indeed, 
can all of the libraries that might 
wish to have it on their shelves justify 
the cost? It must also be mentioned, 
in view of the large capital investment 
such a book represents, that although 
the volume’s presentation and layout 
is, overall, of a high standard many 
of the figures have not been re-drawn 
into a standard format, but are simply 
reproduced from their original sources. 
Although all are acceptably clear and 
no harm is done to the intelligibility 
of the book (except where the labelling 
of the figures is retained in its original 
Norwegian), this is hardly the kind of 
penny-pinching usually associated with 
such an investment. The presentation 
and cost of the two volumes may have 
seemed appropriate when the project 
was initiated, but in view of the much 
more widespread interest in the topic 
now it would be good to see the whole 
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work available in more accessible for- 
mat—perhaps as a series of three or 
four paperbacks which might be pur- 
chased individually as finances per- 
mitted. 

But for anyone fortunate enough to 
possess the book and its companion 
volume the intrinsic value is un- 
questionable. It is impossible to do 
justice to Professor Lamb’s achieve- 
ment in the short space available here, 
and it will take months to begin to 
absorb the impact of this appraisal of 
the background to present-day climatic 
problems—followed, I am sure, by a 
lifetime in which it will remain a much 
used and valued reference. Perhaps 
the final words should be left to the 
author. First, a statement of intent 
from the Introduction which aptly 
describes the work: ‘‘This book is 
an attempt to marshal existing knowl- 
edge of climate and its behaviour, so 
as to provide a basis on which fore- 
casting techniques will have to be 


developed”. 
And, finally, from a footnote (the 
many comprehensive footnotes are 


themselves one of the major delights 
of the book) commenting on those 
historians who do not accept that 
climatic change was contributory to 
the cultural decline and other disturb- 
ances of the Middle Ages in Europe, 
a remark which is strikingly apposite 
in view of the current climatic debate: 
“There is great need for open minds 
and a careful integration of knowl- 
edge”. O 





John Gribbin is a Visiting Fellow at the 
Science Policy Research Unit, University 
of Sussex, UK. 





Encyclopaedic 
jungle 
Peter J. Smith 


Planet Earth: An Encyclopaedia of 
Geology. Edited by Anthony Hallam. 
Pp. 319. (Elsevier/Phaidon: Oxford, 
1977.) £7.95. 








THE publishing world seems to have 
gone mad as far as the production of 
geological dictionaries, encyclopaedias 
and the like is concerned. I reviewed 
three such volumes earlier this year 
(Nature, 266, 101; 1977); several were 
then already in existence; another 
appeared a month or so ago; I have a 
new one to review here; and the 
publication of at least two more is 
imminent. This field, once so barren, 
is rapidly developing into a jungle; so 
this seems a good time to hack a way 


through the undergrowth before it rises 
even higher. 

Of course, not all works of the genre 
under consideration here are aimed 
at the same audience and not all cover 
precisely the same ground in precisely 
the same way. The massive Glossary 
of Geology (American Geological In- 
stitute: Washington DC, 1972) covers 
the whole range of the Earth sciences 
with some 33,000 entries which are 
generally short and highly technical. 
This is the working Earth scientist’s 
bible and is likely to remain so, at 
least until the Institute summons up 
the courage to produce a new (third) 
edition. Not to be dismissed lightly, 
however, is the more humble Penguin 
Dictionary of Geology (D. G. A. 
Whitten and J. R. V. Brooks; Penguin: 
Harmondsworth, UK, 1972) which 
contains far fewer terms than the 
Glossary but devotes rather more 
words to each. Its language is perhaps 
best described as semi-technical, which 
makes the book useful to specialists 
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and comprehensible to students but 
hardly the sort of work the general 
reader would care to browse through. 

The most serious objection to the 
Penguin dictionary is its weakness on 
geophysics, a gap that is filled to some 
extent by A Dictionary of Earth 
Sciences (S. E. Stiegeler; Macmillan: 
London and Basingstoke, 1976). I say 
“to some extent” because although the 
gap is undoubtedly filled, the relative 
shortness of the entries in the Stiegeler 
volume is not very helpful to those 
with no previous knowledge of the 
subject. This is a trap generally avoided 
by Earth Resources: A Dictionary of 
Terms and Concepts (D. Dinley et al.; 
Arrow: London, 1976) with its longer, 
more informative entries, although, as 
its title suggests, this book is narrower 
in scope. 

If a distinction is to be made between 
dictionaries and encyclopaedias, all the 
books mentioned above, whatever their 
intended audience, would best be de- 
scribed as dictionaries; their entries, 
though generally not single-sentence 
definitions, are short and arranged 
alphabetically; and illustration, if any, 
is limited to a few line diagrams. By 
contrast, The Planet We Live On: 
Illustrated Encyclopedia of the Earth 
Sciences (C. S. Hurlbut; Abrams: New 
York; New English Library: London, 
1976) comes closer to the popular idea 
of an encyclopaedia in that it contains 
hundreds of diagrams and photographs 
as well as numerous colour plates. Un- 
` fortunately, as I have had cause to 
remark before, this book contains so 
many inaccuracies that the whole stock 
is best left to rot in the publisher’s 
warehouse. The point of mentioning it 
again here, however, is, first, to re- 
iterate that warning: and, second, to 
report that it is now possible to recom- 
mend to the general reader a book 
which, though similar in aim, is far 
superior in execution. 

At the risk of being accused of using 
unscientific terminology, I can only 
describe Planet Earth: An Encyclo- 
pedia of Geology, edited by A. Hallam, 
as beautiful. It is nice to look at; colour 
photographs and/or diagrams adorn 
almost every page without making for 
simply a picture book with incidental 
text. It is accurate and authoritative; 
almost all the writers have been chosen 
from the ranks of those still active in 
the subject “because an understanding 
of the Earth depends on an apprecia- 
tion of the fruits of recent research”. 
It is for the most part well written— 
no mean achievement given the literary 
standards of a great many research 
workers. And it has a remarkably wide 
coverage, including some topics, such 
as engineering geology and the history 
of geology, which are all to often 
ignored. 
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It is also unconventional, in that it 
is arranged not alphabetically but in 
nine major sections each of which is 
subdivided into a series of closely 
related subjects. Thus, to take but one 
example, the section, “Processes That 
Shape the Earth”, includes discussion 
of continental drift, weathering, earth- 
quakes, diagenesis, and so on. The 
effect of this arrangement is to give the 
book a remarkable coherence. The 
pleasure of reading a text broken up 
into a series of ‘terms’ related only by 
the chance occurrence of their initial 
letters is strictly limited in my view, 
however useful such a book may be for 
reference. The delight of Hallam’s 
approach is that it has produced not 
only a good work of reference (for the 
book has an excellent index) but also 
a more or less continuous text which 
cleverly directs the eye towards 
horizons beyond that originally sought. 
In short, it encourages the sort of 
pleasurable self-education that the dis- 
jointedness of an alphabetical arrange- 
ment can hardly begin to provide. 
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So Hallam thas nothing to fear from 
Hurlbut. He does, however, have more 
serious competition in the form of The 
Physical Earth (Mitchell Beazley: 
London, £12.50), one of the volumes in 
the much publicised Mitchell Beazley 
Joy of Knowledge Library. Despite the 
title, about one-half of this book is 
devoted to plants, animals and agri- 
culture, although to the general reader 
the Barth science section will appear as 
attractive as Planet Earth, and for 
similar reasons. If forced to choose 
between the two books, I would go for 
Hallam, partly because the space de- 
voted to the Earth sciences proper is 
greater and partly ‘because the rather 
higher proportion of text to illustration 
somehow imparts to Hallam’s work 
less of a coffee-table feeling. Besides, 
there is a considerable price differen- 
tial. In comparison with books of 
similar format and physical quality the 
cost of Planet Earth is remarkably low. 
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Peter J. Smith is Reader in Earth Sciences 
ee Open University, Milton Keynes, 





Provocative 
but not 
profound 


David Davies 


Ten Faces of the Universe. By Fred 
Hoyle. Pp. 224. (Heinemann Educa- 
tional: London, 1977.) £4.80. 





Tus is the fourth book, to my know- 
ledge, out of Cockley Moor this year 
and its publishers call it ‘‘perhaps 
Fred Hoyle’s most provocative and pro- 
found book yet’’. Provocative it cer- 
tainly is in parts—small parts—but 
profound it is not, and the lack of 
profundity only serves to devalue the 
provocation to something rather trivial. 

The ten views of the universe are 
respectively God’s, the physicist’s, the 
mathematician’s, the astrophysicist’s, 
the expanding, the origin of the, no- 
body’s (quantum mechanics), the geo- 
physicist’s, the biologist’s and Every- 
‘man’s. Hoyle has devoted an average 
of twelve pages of text to each; the rest 
of the book is made up of ten pages 
of chapter headings, ten more of pic- 
tures of people central to each chapter 
(with the relevance frequently left to 
the reader to work out); forty-seven 
pages of illustrations, many of them 
barely relevant; eight pages of star maps 
and coordinates; three pages listing 
details of all the elements; and four 
pages completely empty. The intended 
audience is American, to judge from 
the spelling and the baseball analogues, 


and presumably at the intelligent lay- 
man level. . 

The book starts on a poor note. 
Hoyle gives the impression he will dis- 
cuss the place of a God in or outside 
the Universe. But he soon gets dis- 
tracted into rambling anecdotes about 
his solution for Northern Ireland, how 
children learn mathematics, what his 
schooldays were like, and how Galois 
met his death. Thereafter the book is 
not free of its irritating diversions, but 
does follow a more orderly path. Hoyle 
certainly would not claim to be pre- 
senting other than thumbnail sketches 
of physics, mathematics and cosmo- 
logy but there are some nice things 
therein, and insights that even a hard- 
ened scientist might find useful. The 
two chapters on geophysics and bio- 
logy, not so close to Hoyle’s lifelong 
interests, are accordingly more pedes- 
trian. 

Then we come to Everyman’s Uni- 
verse which is about energy, population 
and the collapse of society. Hoyle sug- 
gests that he could have devoted a 
whole book to these subjects. It is cer- 
tain that a chapter tacked on the end 
is totally inadequate and fails to give 
much impression of deep and sustained 
thinking. Hoyle, like many others, is 
worried about population growth, but 
unlike most others he tries to discuss 
it in terms of simple-minded graphs 
and immensely accurate prediction. 
The world will collapse into a Dark 
Age in 2025, give or take a decade or 
two. How is this figure reached? We are 
not told. Why should productivity 
(whatever that means) and population 
collapse so dramatically? Because the 
Roman Empire did. Why should the 


Nature Vol. 270 10 November [977 


phenomenon “perhaps have a cycle 
time of about 500 years”? We are not 
told. 

Hoyle the scientist has become Hoyle 
the crystal-ball gazer but retaining a 
pseudo-scientific veneer of graphs, 
cycles and so on. And his draconian 
proposal that we should stop all this 
growth by heavily taxing three-children 
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families just comes as a flashy bit of 
provocativeness which really advances 


serious thinking on problems in the 


real world very little. 
In all, a strangely mixed book, at 
times charming, at times half-baked. O 


David Dayies is Editor of Nature. 





Cosmic 
gushers 


Roman Znajek 


White Holes: The Beginning and End 
of Space. By John Gribbin. Pp. 200. 
(Paladin: London, 1977.) £1.50; $4.50. 





A. WHITE HOLE is like a black hole, but 
with time running backwards, Nothing 
can get out of a black hole, and 
nothing can get into a white hole. 
Whenever a black hole is formed, 
matter that is unable to withstand its 
own gravitational field collapses to 
form a point cailed a singularity, A 
white hole is caused by its singularity. 
The latter is best thought of as a 
remnant of the initial singularity from 
which the Universe began in the Big 
Bang. According to John Gribbin, if 
we are prepared to accept the existence 
of black holes then “the rest of the 
new astronomy inexorably follows’, 
and that includes white holes. His book 
is intended to be a popular account of 
some of this new astronomy. 

Now nobody knows for certain what 
a white hole singularity is going to do, 
and indeed nobody knows why it 
should be there at all. Jt is, however, 
not unreasonable to suppose that at 
some stage in its career it will start 
spewing things out and turn into a 
cosmic gusher, as Gribbins like to put 
it. Because the amount and nature of 
the gush is completely unknown, 
Gribbin has no difficulty in ‘explaining’ 
various highly energetic phenomena of 
extragalactic astronomy in terms of 
these cosmic gushers. 

The conventional view is that 
quasars, radio-galaxies, and so on, 
derive their energy from matter in 
strong gravitational fields. For example, 
when gas spirals in towards a black 
hole very large quantities of heat are 
released through friction. There are 
reasons for expecting that kind of pro- 
cess to occur, even though there is 
much debate over the details. There 
are no reasons for expecting white 
holes to occur. Gribbin disagrees. Ac- 
cording to him, the Big Bang is a 
white hole, and so there is every like- 
lihood of there being others. But the 
universal Big Bang is a very different 


phenomenon from the local white holes 
he thinks are responsible for quasars. 
What Gribbin cannot explain is why 
the Universe’s initial singularity 
should have been deformed in such a 
way as to give rise to white holes. 

Even if white holes did exist in the 
early Universe, they would have been 
very rapidly destroyed. In 1974, 
Douglas Eardley showed that white 
holes are unstable. A white hole 
attracts radiation and matter. But this 
material cannot get into it. It piles up 
on the surface of the hole, getting 
continuously accelerated. An exponen- 
tially strengthening ‘blue sheet’ is 
formed, which twists round the gravi- 
tational field and turns the white hole 
into a black hole. The black hole re- 
mains, because black holes are stable. 
The process is very rapid, and only 
ridiculously large white holes would 
survive into the present epoch. 

It is interesting to see how Gribbin 
tackles this problem. First of all, he 
refers to Eardley’s work as a ‘“‘sug- 
gestion”. He then says that “better 
physics is needed to deal with the 
situation”. This is correct in so far as 
we don’t know why the white hole is 
there, but given its existence Eardley’s 
argument is immediately applicable. 
Gribbin finishes by claiming that this 
difficulty “is more than compensated 
for by the amazing discovery in the 
mid-1970s that black holes can ex- 
plode’’. This is the cue for five pages 
on the Hawking process, which is 
interesting in itself but completely 
irrelevant to Gribbin’s cosmic gushers. 

The possession of unconventional 
ideas does not disqualify a person from 
writing a popular book. But he should 
at least give a good account of the 
orthodox view. Gribbin doesn’t. The 
saddest thing about his book is that his 
astronomy is old. It is five years or so 
out of date. In the sixties astronomers 
were ofted baffled by the objects they 
saw through their telescopes, and 
were prepared to believe in all kinds of 
curious explanations. It now seems that 
there is no need to invoke unlikely 
objects such as white holes in order to 


understand quasars. White holes are - 


old-fashioned. O 





Roman Znajek is an SRC Postdoctoral 
Fellow at the Institute of Astronomy, 
Cambridge, UK. 
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Amplifying by 
stimulated 
emission 

Harold Weaver 


Celestial Masers. By A. H. Cook. Pp. 


135 (Cambridge University: New York, 
London and Cambridge, 1977.) £7.50. 


Any new technological development 
that makes posstble astronomical ob- 
servations in a previously unexplored 
spectral range never fails to have a 
strong impact on the science. Radio 
astronomy (which covers the spectral 
range from about one millimetre to 
longer wavelengths of many meters) 
provides many examples. The science 
itself was started accidentally by Kar! 
Jansky in 1931 when he discovered 
radio radiation from the Galaxy. It 
has developed rapidly since the late 
1940s, providing an extraordinarily 
rich harvest of new information and 
broadening enormously our view of the 
nature of the Universe. It first de- 
monstrated the existence of synchro- 
tron radiation, generated by relativistic 
electrons spiraling in magnetic fields in 
our own Galaxy and others. 

Quasars, pulsars, and the all-pervad- 
ing 3 K black-body radiation that is the 
relic of the original big bang that 
marked the start of the expanding 
Universe, are all discoveries of radio 
astronomy. The first spectral line in the 
radio range (the radiation arising from 
neutral hydrogen at a wavelength of 
21 cm) was discovered in 1951, and the 
first molecular line in the radio range 
(originating in the hydroxyl radical 
OH) was observed in 1963. 

Since then, radio astronomy has 
greatly changed astronomers’ views of 
the chemistry of the interstellar 
medium. Radio astronomy has shown 
that polyatomic molecules, earlier 
thought to be highly improbable if not 
impossible in the interstellar medium, 
do, in fact, abound in the dark cool 
clouds of interstellar space. Radio 
spectral lines from several dozen 
different polyatomic molecules, some 
containing up to nine atoms, have been 
observed. 

An extraordinary feature of the 
radio lines of the OH molecule was 
discovered in the course of a series of 
observations made at the Hat Creek 
Observatory of the University. of 
California at Berkeley during 1964-65. 
The Hat Creek programme called for 
observations of all likely radio sources 
in which the OH molecule might 
appear. Many clouds containing OH 
were found, but in a few cases in which 





dark clouds were associated with 
regions of ionised hydrogen excited by 
hot, ultraviolet emitting stars, the 
behaviour of the four spectral lines in 
the multiplet observed was totally 
anomalous. 

The shapes and strengths of the four 
lines of the multiplet seemed to have 
little or no relationship to one another, 
a situation completely out of keeping 
with theoretical predictions. The lines 
were mixtures of broad absorption and 
numerous sharp emisston components. 
Subsequently, it was found that in some 
instances the shanp emission features 
were polarised (some linearly, some 
circularly), and that some features 
varied in intensity on the timescale of 
a few weeks. The emission components 
originated in regions of the dark clouds 
having angular diameters far smaller 
than could be resolved by any single 
radio telescope. Later observations 
showed that the OH emission came 
from areas Jess than 10°? arcs in size. 

It is an interesting historical sidelight 
that, while these observations were in 
progress at Hat Creek, similar observa- 
tions were being made at the Harvard 
Radio Astronomy Observatory, where 
the same peculiarities were indepen- 
dently discovered. Neither group knew 
of the work of the other. By chance, 
the discovery was published first by the 
Berkeley investigators. 

The peculiarities of the OH emission 
combined with the intensity of the 
radiation and the small signs of the 
sources from which it originated, were 
clearly inconsistent with spontaneous 
emission from a gas in thermal 
equilibrium. Amplification ‘by stimu- 
lated emission must be taking place. 
Natural masers (microwave amplifica- 
tion by stimulated emission of radia- 
tion) in astronomical objects were thus 
accidentally discovered a few years 
after masers were Invented on Earth. 
An interesting speculation will always 
remain as to how the theory of masers 
might have developed if the astro- 
nomical observations had: come first. 

In his brief 135-page monograph 
Professor A. H. Cook deals with the 
observation and interpretations of 
these intriguing astronomical objects. 
The topic has, of course, grown 
ereatly in the 12 years since the first 
discovery. It is now known that not 
only does the OH group but also the 
H:O and ` other molecules, show 
maser action. Theories of “how it 
works” are numerous. 

In the preface to his book Professor 


‘Cook states: “I have not presumed to 


write a book that will sum up the 
subject and give an explanation. Rather 
I have tried to bring out what is not 
known; no doubt I shall provoke dis- 
agreement, and if that disagreement 
leads to new knowledge and insight, 


Nature Vol. 270 10 November 1977 


much of my purpose will have been 
achieved. This is meant to be an in- 
terim report and a stimulus for further 
study.” Professor Cook has very 
successfully achieved his goal. His 
summaries and concluding remarks 
should prove stimulating to both 
seasoned workers in the field and to 
those who may wish to enter the field. 

Of the six chapters in the book, 
Professor Cook devotes the first two to 
a short account of selected spectral 
lines in radio astronomy and a very 
brief review of those principles of 
molecular structure and spectroscopy 
required for discussion of celestial 
masers. He illustrates the topics 
covered with examples from OH and 
H,O sources, 

The third and longest chapter pro- 
vides a very adequate summary of 
observations of maser action for OH 
and H:O sources. Here, Professor Cook 
has steered a straight and true course, 
emphasising and summarising those 
features that are important for a basic 
understanding of the topic and’ fore- 
going the very lange amount of detail 
found in extensive research papers. 

In explaining the amplification of 
stimulated emission (chapter 4), the 
author adopts a phenomenological 
point of view and avoids a general 
quantum mechanical treatment. He 
provides clear brief derivations or 
explanations of the principal -aspects 
of astrophysical masers, such as the 
equations of transfer and rate, the 
meaning of saturated and unsaturated 
masers, gain, linewidth, and the like. 
But the author’s major thrust in this 
chapter is to point out the gaps in 
current knowledge. “We do not 
assuredly know’’, he writes, “how to 
account for the small angular sizes of 
sources, the isolated distribution of 
individual sources, the single sense of 
polarisation in hydroxyl, and, again in 
hydroxyl, radiation in only one transi- 
tion. Possibly the greatest lack is the 
absence, so far, of any but the sketch- 
iest account of lasers varying with 
time”, 

After reviewing quite thoroughly in 
chapter 5 the many schemes that have 
been suggested for pumping, that is, 
for inverting the populations in OH 
and H:O sources to produce a maser, 
Professor Cook goes on in chapter 6 
to provide an analysis and interpreta- 
tion of maser radiation. Here he 
attempts “to see how far the sources 
can be accounted for by amplification 
of stimulated emission and to use the 
analysis to set conditions that must be 
fulfilled by any pumping mechanism. 
Other clues to pumping mechanisms 
may be provided by the statistical pro- 
perties and associations of maser 
sources”. The chapter is a very in- 
teresting one in which the author 
enumerates various classes of problems 
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remaining to be solved; and, in some 
instances, he suggests bases for their 
solution. Observational classification 
schemes of OH sources are paired 
with theoretical pumping schemes in 
a most interesting way. Finally, Pro- 
fessor Cook tries briefly to fit celestial 
masers into a wider picture of the star 
formation process. 

Celestial Masers is a book that many 
will find interesting and stimulating. I 
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highly recommend it. Unfortunately, it 
does contain a few typographical errors 
in both references and equations, but 
the reader will readily recognise and 
easily correct these very minor 
blemishes. ; LJ 





Harold Weaver is Professor of Astronomy 
at the University of California at Berkeley, 
and was the Founder-Director of the 
Radio Astronomy Laboratory at Hat 
Creek. 
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In his classic paper on the scattering 
of alpha particles at large angles, 
Rutherford wrote: ‘Considering the 
evidence as a whole, it seems simplest 
to suppose that the atom contains a 
central charge distributed through a 
very small volume, and. . .”. And so 
we had the first insight into the struc- 
ture of the atom with its central 
charged nucleus, later shown to con- 
sist of (uncharged) neutrons and 
(charged) protons, surrounded by a 
cloud of electrons. Since then, our 
knowledge of the constituents and the 
structure of the nucleus has advanced 
rapidly, but this very sentence of 
Rutherford’s also poses more detailed 
questions. How big is the nucleus? 
What shape does it have? How are 
the constituents and the electric charge 
distributed? And so on. 

The study of nuclear sizes, in its 
widest sense, has remained since those 
early days at the core of nuclear physics 
and of studies on the structure of 
the nucleus. The success, or otherwise, 
with which nuclear models can make 
meaningful predictions as to the dis- 
tribution of charge and nuclear matter 
in the nucleus has always been a sensi- 
tive test of their validity.. The study 
of nuclear shapes and sizes too has 
always encompassed a very wide range 
of topics. The charge distribution, and 
hence the proton distribution, can be 
sensed with the electron or the muon 
through the electromagnetic inter- 
action, and we now have quite detailed 
information available from measure- 
ments of electron scattering and with 
muonic atoms. Study of the matter dis- 
tribution which is necessary to provide 
the neutron distribution, requires the 
use of strongly interacting probes such 


as the proton, alpha particle, pion, 
kaon, and so on; and a much wider 
range of nuclear scattering and inter- 
action processes are involved. As a 
result, our knowledge is much less 
certain and in certain cases ambiguous 
or downright conflicting. 

It is now 16 years since the mono- 
graph on Nuclear Sizes by L. R. B. 
Elton appeared, and the intervening 
years have seen dramatic advances in 
our knowledge of nuclear shapes and 
sizes and in the techniques used for 
their study. This book by Roger Bar- 
rett and Daphne Jackson of the Uni- 
versity of Surrey is therefore particu- 
larly welcome and provides a long 
needed successor to the earlier mono- 
graph. 

Over the past few years, it has 
become clear that the different types 
of experiments used to look at nuclear 
sizes probe different regions of the 
nuclear matter or charge density and 
hence are sensitive to different para- 
meters or combinations of parameters 
of the form chosen for the distribu- 
tion. It has also lead to the so-called 
‘model-independent’ analyses in which 
there is no rigid a priori choice of the 
form for the nuclear distribution and 
in which the uncertainties in the de- 
rived distribution are more clearly 
seen. i 

The first chapter of the book, then, 
deals with these introductory ideas. 
Various distribution functions and form 
factors are defined and the ideas of 
radial parameters and moments intro- 
duced. Some useful comparisons are 
also made between the numerical para- 
meters calculated from a range of 
neutron and proton distributions. 

It migħt be concluded, so far, that 
all the advances of recent years have 
been on the experimental front. This 
is by no means so, and the second 
chapter deals with the various current 
theories of the nuclear matter distribu- 
tion. After some introductory ideas, the 
single-particle model is discussed; in 
this model individual particles move 
in an averaged phenomenological 
nuclear potential. As this potential is, 
in fact, derived from the interactions 
of all the nucleons in the nucleus, the 
model lacks self-consistency. This prob- 
lem is avoided by using the Hartree- 
Fock method; and an extensive review 
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of recent calculations is given. Macro- 
scopic models in which the emphasis 
is on bulk nuclear properties are next 
discussed, particularly the Thomas- 
Fermi approximation and the hydro- 
dynamical model; and the chapter ther. 
concludes by considering the especial 
features of calculations for deformed 
nuclei. Results from the various types 
of calculations are compared in a num- 
ber of useful tables and graphs through- 
out the chapter. l 

As already mentioned, measurements 
of electron scattering and with muonic 
atoms are used to obtain information 
about the change distribution in nuclei; 
and these topics are discussed in the 
next two chapters. After considering 
the motion of electrons and muons in 
an electromagnetic field, the scattering 
of electrons by the nuclear charge 1s 
discussed. Analyses to obtain the 
charge distribution using either a 
simple parameterised model or with 
a ‘model-independent’ method are next 
described, together with a brief dis- 
cussion of the problems raised by 
analyses for deformed nuclei. Large 
angle magnetic scattering is also con- 
sidered, followed by a discussion of 


dispersion, radiative and straggling 
corrections. 
For muonic atoms, the chapter 


moves quickly into a discussion of 
‘model-independent’ analyses of the 
X-ray spectra, the energy levels for 
deformed nuclei, magnetic hyperfine 
structure, and isotope, isomer and iso- 
tone shifts. Radiative corrections are 
particularly important in muonic 
atoms and until recently were the 
subject of considerable controversy 
when measurements for high transitions 
seemed to indicate a disagreement be- 
tween experimental results and calcula- 
tions using quantum electrodynamics. 
Happily, this problem now seems to be 
resolved and a review of these topics 
completes the chapter. 

The use of optical and X-ray spec- 
tral methods to measure isotope and 
isomer shifts is only very briefly 
touched on in the next chapter Gust 
ten pages long). This is unfortunate 
as the topic is of considerable current 
interest, particularly in view of the 
increasing use of laser techniques. 
Also, the following chapter on experi- 
mentally derived charge distribution 
shows that quite a large body of in- 
formation has been obtained in this 
way. This latter chapter, as well as 
including tables on isotope and isomer 
shifts, also includes tables on charge 
distributions for a very wide range of 
nuclei, including deformed nuclei. In- 
evitably, such information rapidly be- 
comes out of date and the serious 
researcher will need to go back to 
the original literature or to other, more 
extensive, data compilations. Neverthe- 
less, the tables present a great deal of 
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useful information in a very compact 
form and include an extensive set of 
references to enable the reader to dig 
deeper. . 

As indicated, the study of the nuclear 
matter distribution involves the use 
of strongly interacting projectiles and 
the derivation of the required informa- 
tion from nuclear scattering or reaction 
experiments. These topics, which are 
dealt with in the next two chapters, 
are inevitably complicated and it is 
not too surprising that together these 
two chapters account for almost half 
the book. l 

Nuclear scattering is dealt. with first. 
After an introduction to partial wave 
methods of analysing scattering from a 
potential and to the various approxi- 
mations which are used, the formal 
theory and general properties of the 
optical model are dealt with. This is 
followed by a review of the information 
gained from analyses of nucleon- 
nucleus scattering. This review is split 
into three subsections, covering dif- 
ferent energy regions, and includes 
many: tables of optical model potentials 
and parameters. An equally complete 
review of the scattering of composite 
projectiles and of the nuclear size 
information which can be obtained 
from experiments then follows. 

The chapter on nuclear reactions 
starts with an extensive discussion of 
inelastic scattering both to resolved 
final states and then to summed final 
states: the former gives information 
principally about. particular spectro- 
scopic states and the latter about aver- 
age nuclear properties. There follows 
descriptions of the theory 
analysis of transfer, knock-out and 
photonuclear reactions, and finally of 
alpha decay. Inevitably, any discussion 
of nuclear reactions also involves prob- 
lems related to nuclear reaction mech- 
anisms and to the structure of nuclei. 
The chapter does, however, pay parti- 
cular attention to the information 
about nuclear sizes and other closely 
related nuclear properties which can 
be obtained in this way. 

It was originally. thought that 
measurements on hadronic atoms 
would be capable of giving clear in- 
formation on nuclear matter distribu- 
tions. It turns out, however, that here 
nature has not been particularly kind. 
In the case of pionic atoms, the inter- 
action of the pion with the nucleus 
is complicated by the presence of 
dominant p-wave processes, whereas 
for kaonic atoms the resonance in the 
kaon—proton system again complicates 
the analysis of experimental data. It 
is still hoped, however, that, with our 
growing understanding of these inter- 
actions, it may be possible to obtain 
nuclear size information; these topics 
therefore are discussed in chapter 9 
of the book. 
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The final chapter concentrates on 
processes capable of giving information 
about the neutron distribution directly 
rather than through separate measure- 
ments of the proton and matter dis- 


tributions. Available methods. for look- |. 
ing at the excess neutrons. include |. 
studies of Coulomb energy differences |: 


or of charge-exchange reactions. Al- 


ternatively, the scattering of pions can |. 


be measured at energies at which they 
interact preferentially with neutrons. 


Pion production, or the interactions | 


of stopping kaons, can also be used, 
since in both these cases certain pro- 


cesses can only occur through inter- |. 


actions with neutrons. 
This chapter-by-chapter review will 
have indicated the very wide range 


of topics covered by the book, all of |, 


which are related in some way to the 


question of nuclear sizes. In view of |: 
this broad coverage there is inevitably |. 
some unevenness in the treatment of 


the various topics. How much this 


matters is a matter for individual 


judgment, which each reader will have 


to decide for himself in the light of | 


his own special interests. 

The book contains a large .number 
of tables and figures of useful data. As 
already mentioned, a few of the tables 
will rapidly become out of date. Never- 
theless, they comprise a useful collec- 
tion of information related to nuclear 
sizes. The book also contains a list of 
approximately 1,500 references which 
fill the last 50 pages of the book and 
which are frequently referred to 
throughout its pages. This makes the 
volume particularly useful to the 
syecialist, who will wish to refer to the 
original literature. It does, however, 
create the air of an extended review 
article rather than that of a definitive 
text which might appeal more to the 
student approaching the subject for the 
first time. To some extent, this is due 
to the authors’ determination to in- 
clude the most recent developments. 

Finally, as the authors themselves 
point out, the past few years have seen 
an enormous growth in our knowledge 
of nuclear sizes and in the range. of 
experiments used for their study. The 
book provides an excelent review of 
the situation as it was at the time of 


‘writing in 1975. The next few years 


are likely to see an equally rapid pro- 
gress in both experimental work and in 
theoretical calculations. It is also likely 
to see an ever-increasing range. of 
methods in atomic, nuclear and par- 
ticle physics being used to study the 
sizes and shapes of nuclei. DO 


C. J. Batty is Leader of the Nuclear 
Physics Group in the High Energy Physics 
Division at the Rutherford Laboratory, 
and Visiting Reader in Nuclear Phystcs 
at. the University of Surrey, UK. 
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Nature of lethality of t mutations in embryos 
Linda R. Wudl* Michael I. Sherman* & Nina Hillman 
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Mutations in the genes of the T complex in mice can lead to death at various stages of embryogenesis. It has 
been suggested that the T genes specify cell surface antigens which are essential for normal organisation of 


certain cells within the embryo. But, there is now evi 


are simply generalised cell lethals. 


dence that at least some of these T complex mutations 


a On 


THE set of genes in the mouse known as the ‘T complex’ has been 
studied extensively for many years. However, there is still disagree- 
ment on both the genetics and the biochemistry of this system. The 
confusion arises in attempts to explain how apparently single 
genetic alterations can result in multiple phenotypic effects. Such 
alterations in the T region, conventionally referred to as recessive 
(t) mutations, may cause (1) death of homozygous embryos at 
characteristic stages, (2) taillessness when combined with the 
Brachyury (T) mutation in a compound heterozygote (77/1), (3) 
non-Mendelian inheritance from the male parent, (4) suppression 
of recombination over a rather large region of chromosome 17 
(extending, in the case of ’5, from the centromere to well beyond 
the H-2 region) and, (5) male sterility when combined with other, 
complementary, ¢ mutations (f*/?)':*. Present knowledge of the 
genetics of the T region indicates that although a single mutagenic 
event may have resulted in what is called the ‘r mutation’, a large 
portion of the genome and multiple loci are affected’:*. We shall 
discuss only the lethal effects of mutation in the T region and the 
relationship between the f genes (or gene) and the programme for 
early embryonic development. 

Two theories have been put forward to explain the lethality of t 
mutations. The first, and most widely quoted, of these proposes 
that the primary lesion is an alteration at the surface of certain 
embryonic cells which prevents the cell-cell recognition and 
interaction required for tissue formation (‘organisational failure’ 
hypothesis)'~°. The affected embryo becomes disorganised and is 
resorbed in the uterus. The second theory is simply that, at least for 
some t mutations, all cells of the embryo are adversely affected and 
that death of the embryo is due to generalised cell lethality’~**. 

In earlier studies!!, we tested the organisational failure hy- 
pothesis by monitoring the behaviour of mutant embryos in vitro. 
In our culture conditions'?’}3, the organisation and interactions 
of different cell types are less important for cell survival than they 
are in utero. This is documented by our success in establishing a 
number of cell lines from cultured blastocysts even though several 
cell types (for example, embryonic ectodermal derivatives) either 
degenerate soon after formation or are never produced. In fact, the 
cell types that develop most reliably in our cultures are extraem- 
bryonic endoderm and trophoblast’ *; these are the very cell types 
that seem to survive longest in utero in conceptuses homozygous 
for every lethal t allele? with the possible exception of t”73 (ref. 14). 
Consequently, our in vitro techniques should have enabled us to 
recover those cells from homozygous f-mutant embryos that are 
presumably not directly affected by the mutation. However, when 
we tested homozygous ¢”> mutant embryos*’, we found that none 


of the cells was capable of surviving in vitro, and indeed, most of the 


*Roche Institute of Molecular Biology, Nutley, New Jersey 071 10 


+Department of Biology, Temple University, Philadelphia, Pennsylvania 
19122 


cells had died at the time of the normal lethal period for ay aes 
embryos in utero (7-10th day of gestation'>), Furthermore, when 
pairs of embryos are combined-to form chimaeras, homozygous 
mutant cells in the mosaic embryos do not seem to be rescued by 
contact with their normal neighbouring cells; in other words, the 
5 mutation behaves as a generalised cell lethal and not as an 
organisational lethal! +. 

Investigators studying the extrauterine development ofembryos 
bearing two other recessive t mutations, 16 (ref. 16), which causes 
death earlier than ?”5, and 18 (ref. 17), which leads to embryonic 


failure at later stages, have come to conclusions different from 


those we have drawn on the basis of experiments with t*°, Erickson 
and Pedersen!® reported that the inner cell mass (ICM) of 
presumptive 1°/1° blastocysts showed a rapid degeneration in vitro 
while the trophoblast remained viable. They concluded, therefore, 
that the adverse effects of the t° mutation were selective for the 
ICM moiety of theembryo. Artzt and Bennett?® transplanted 9thd 
presumptive ”18/1"!® embryos under the testis capsule of adult 
mice and proposed, from analyses of the resultant growths, that 
ectodermal derivatives of these embryos were capable of surviving 
whereas mesodermal elements failed to develop. We report here 
the results of our studies on the development of té/tf blastocysts 
both in culture and in an ectopic site. These studies were 
undertaken to determine whether any cells from the mutant 
embryos stand a better chance of survival in these experimental 
conditions than they do in utero. We have also assessed the 
behaviour of 118/r"!® embryos in vitro. 


Behaviour of t°/t® embryos in vitro 

An analysis of the male transmission frequency of the zf mutation 
is shown in Table la. By the use of these data, we can deduce the 
percentage of blastocysts with the t/t genotype in our cultures 
(Table 1b). The ICM cells in 1°/:° embryos behave under our 
culture conditions as observed by Erickson and Pedersen 18 in their 
experiments: by the 7th EGD (equivalent gestation day, that is the 
age of the embryos had they been left in utero), all ICM cells in 35% 
of the embryos had disappeared, suggesting that more than 80% of 
the °/1® embryos contained only trophoblast. By the 8th EGD, all 
homozygous mutant embryos seem to have lost their ICM 
(Table Ic). 

When we examined the trophoblast moiety of presumptive r°/ t 
embryos, however, we could see that they too had been affected by 
the mutation. In all control blastocyst outgrowths containing an 
ICM, and in the occasional blastocyst outgrowth which had lost its 
ICM by the 8th EGD, the trophoblast cells had proceeded to 
polyploidise and become giant. By contrast, the trophoblast cells 
of presumptive ¢°/ tÉ blastocyst outgrowths did not become giant?. 

Ina subsequent series of experiments, we generated trophectod- 
ermal vesicles from disaggregated blastomeres of normal and Se 


138 ° Nature Vol. 270 10 November 1977 


Table 1 Transmission frequency distortion of the /® allele and behaviour of blastocysts bearing the 16 mutation in culture 


a Transmission frequency of the f° mutation 


Genotype at T region Number of Number of offspring Transmission 
of animals mated offspring with normal tails frequency of 16 
female male 

(+/+) x (T/r®) 1,656 1,318 79.6% 


b Expected proportions of genotypes in mixed embryo populations 


Genotype at T region % of embryos with genotype 
of animals mated 
Cross female male +/+ + /1° 19/76 
Control (+/+) x (+/t°) 20.4 79.6 — 
Experimental (+/1°) x (+/1°) 10.2 50.0 39.8 
¢ Survival in vitro of ICM cells in embryos carrying the ¢° mutation 
% Of ICMs surviving 
Genotype at T region Number of blastocysts 7th EGD* 8th EGD lith EGD 
of animals mated cultured observed expected} observed expected} observed expected} 

(+/+) x (+/t6) 432 96.3 — 95.4 — 91.2 — 
(+/t6) x (+/19) 503 65.2 58.0 54.5 57.4 47.4 54.9 


NCTC-109 medium supplemented with 10% heat-inactivated fetal calfserum and antibiotics as described by Wudland Sherman!!. They were scored for the 


presence or absence of inner cell mass derivatives with phase contrast optics. 


*EGD, equivalent gestation day, that is, the age of the embryos had they been left in utero. 
TExpected values if ICM cells are absent in all 1fr° embryos and if ICMs of heterozygous and wild-type embryos in the control and experimental 


populations survive with the same frequency. 


mutant embryos?™?!, Generally, at a time when control embryos 
have formed mature blastocysts, trophectodermal vesicles contain 
only a single layer of trophectoderm cells, that is they are devoid of 
ICM cells. When trophectodermal! vesicles are placed in the 
appropriate culture medium, they become attached to the sub- 


stratum and give rise to outgrowths of trophoblast cells which are - 


capable of differentiation as determined by morphological and 
biochemical criteria?!»??, We studied one of these criteria, poly- 
ploidisation, in outgrowths from normal and presumptive £°/r° 
trophectodermal vesicles by monitoring the nuclear diameters of 
trophoblast cells. (We have shown elsewhere22:24 that DNA 
content in polyploid trophoblast cells is proportional to nuclear 
size.) Approximately 40% of trophectodermal vesicles from the 
experimental cross (see Table 1) gave rise to trophoblast cells 
which possessed few or no giant nuclei (for example, Fig. 1, a, c, e, 
g) before death on or about the 12th EGD. On the other hand, in 
the control cross, which yields only heterozygous and wild-type 
embryos, all trophectodermal vesicles gave rise to polyploid 
trophoblast cells by the 8th EGD (for example, Fig. 1, bottom 
photos). Non-mutant trophoblast cells survived longer than the 
arrested cells in the r°/r° trophoblast outgrowths (Fig. Ig, A). A 
detailed quantitative analysis of these experiments, to be presented 
elsewhere (L.W. and M.I.S., in preparation), indicates that 
trophectodermal vesicles from normal (+/t® and +/+) embryos 
in the experimental cross polyploidise to the same degree as their 
counterparts in the control cross. 


Table 2 Incidence of haemorrhagic nodule formation in kidneys bearing 
implants of blastocysts from control and experimental crosses 


No. of blastocysts No. of kidneys VA ae 
Cross implanted containing nodules observed expected 
Control i 
(+/+)x(+/t6) 68 43 63 — 
Experimental 
(+ /t®) x (+/19) 63 28 44 38 


Fourth day blastocysts were removed from uteri and placed in culture. 
Within six hours, blastocysts were transplanted individually under the 
capsule of the left kidney of adult male siblings. Kidneys were scored 
macroscopically for the presence of haemorrhagic nodules. The percentage 
of growths observed in the control and experimental crosses was 
significantly different by y? analysis (x7 =7.25, P<0.01). The percentage of 
growths in the experimental cross observed and expected (assuming that all 
°/t© embryos will fail to produce growths and that the transmission 
Poe for the /° allele is 79.6%) was not significantly different (72? =0.74, 

5). 


The obvious interpretation of these results is that trophoblast 
cells are affected by the z6 mutation, contrary to the report of 
Erickson and Pedersen!® ; furthermore, the arrest of r°/t®, but not 
normal, cells in these experiments renders it unlikely that mutant 
trophoblast cells fail through a lack of interaction with other cells, 
since there are no cells other than trophoblast in trophectodermal 
vesicle outgrowths. Organisational failure is thus an inadequate 
explanation of the adverse effects of the 1°, as well as the m 
mutation. 

We have now begun to monitor f° mutant trophoblast cells for 
production of other markers of differentiation. We found (L.W. 
and M.I.S., in preparation) that presumptive 16/7 trophoblast 
cells possess plasminogen activator activity during the period in 
which normal trophoblast cells produce and secrete this en- 
zyme**?°. They also convert pregnenolone to progesterone, 
indicating that they possess the enzyme A5, 3 B-hydroxysteroid 
dehydrogenase, as do normal trophoblast cells2*:25. These results 
suggest that the individual elements of the developmental pro- 
gramme of trophoblast cells may be regulated separately, and that 
mutation in the T region may interfere selectively with some 
developmental processes, but not others. 


Behaviour of t°/t° embryos in an ectopic site 


Although all cells from °/t° embryos are adversely affected by the 
mutation in culture, some cells from presumptive at A a 
embryos implanted under the testis capsule survive for times 
longer than the gestation period?®. It is, therefore, possible that 7° 
and ¢”'® mutations differ, either in type or in severity. Alterna- 
tively, one might argue that ectopic sites provide a rich environ- 
ment for growth of embryonic cells, allowing proliferation of 
genotypically mutant cells that do not require wild-type T-gene 
products for survival and growth, whereas our culture conditions 
might be detrimental to all homozygous t-mutant cells. To 
distinguish between these possibilities, we implanted blastocysts 
from f° control and experimental crosses under kidney capsules of 
immunologically appropriate host mice, and inspected the kid- 
neys of these animals for ectopic growths 14 d later (Table 2). We 
found that the blastocysts from the experimental cross gave rise to 
a significantly lower proportion of growths visible under the 
dissecting microscope as haemorrhagic nodules when compared 
with blastocysts from the control cross. In fact, the observed 
number of growths was not significantly different from that 
expected if all r°/t° embryos had failed to survive the 14-d period 
under the kidney capsule. The size of the nodule varied from one 


\ 


Nature Vol. 270 10 November 1977 





sf 





Fig. 1 Behaviour of mutant (7°/1°) and normal (+/+. + /f°) trophoblast cells developing from trophectodermal vesicles Trophectodermal vesicles 
were generated by disaggregating 4- and 8-cell embryos?! from control (+/+ x +/1") and experimental (+/f° x +/f°) crosses and culturing 
individual blastomeres from 4-cell embryos and pairs of blastomeres from 8-cell embryos in Whitten’s modified ovum culture medium*?. After 
48 h (Sth EGD). structures scored as trophectodermal vesicles were placed individually in serum-supplemented NCTC-109 medium''. T rophoblast 
cells outgrowing from a presumptive mutant (a, €. C. £) and a normal (b. d.f. h) trophectodermal vesicle were photographed sequentially on the 7th (a 
and h). 8th (cand d). 9th (e and f and 11th (g and 4) EGD using phase contrast optics Magnification is the same in all photographs. Scale bar (in a), 


50 ym 


implant to the next, but the range of sizes was the same in the 
experimental and control crosses. 

Approximately half of the kidneys receiving implants of blasto- 
cysts were processed histologically and analysed by light micros- 
copy (Table 3) to determine whether we might have missed viable 
1° /° ectopic growths either because they were much smaller than 
those caused by normal embryos or because they were devoid of 
functional trophoblast cells and, therefore, non-haemorrhagic. In 
either case. the growth might not be discernible when the kidneys 
were examined macroscopically. The histological studies also 
enabled us to compare growths from experimental and control 
blastocysts to determine whether the growths from one cross might 
contain cell types not present in growths from the other. We found, 
however. that virtually all kidneys judged to be positive by the 
presence of a macroscopic haemorrhage contained extravasated 
blood. large numbers of giant trophoblast cells, both mononuc- 


leated and multinucleated, and extraembryonic endodermal cells. 
In several of the explants, the endodermal cells were associated 
with an amorphous eosinophilic material that has been described 
by other investigators?” =?’ as Reichert’s membrane. 

No other recognisable embryonic Ussues or organs were found 
in any of the haemorrhagic nodules at the ume of autopsy. 
However. the extensive growth of trophoblast cells and identifi- 
cation of extraembryonic endoderm attest to the presence in the 
growths, at least initially, of ICM cells*?*". In all of the growths, 
some scattered necrotic cells were present, and these might have 
been of ICM origin. Fibroblastic cells were commonly observed 
around the periphery of the growths, and, less frequently, in the 
central blood cavity. Itis assumed that these cells were of maternal 
origin. In about 40%, of the cases in both experimental and control 
crosses, the trophoblast cells were actively invasive and phagocy- 
tosed kidney cells could be seen in the giant cell cytoplasm, the 


fable 3 Histologic analyses of kidneys receiving implants of normal and mutant (/°//°) blastocysts 


Macroscopic positives 


No. containing 


Macroscopic negatives 


trophoblast and extra- No, containing No 
No embryonic endoderm Reichert’s membrane- No containing 
Cross analysed cells like material analysed* growths 
Control 
(+/+)x(+/) 16 |S* 7 1S 0) 
Experimental 
(+71) x(+/0") 17 17 6 15 l 


` 


After the kidneys referred to in Table 2 were inspected macroscopically for the presence of growths, they were placed in neutral buffered formalin, 
embedded in paraffin and serially sectioned (8 4M) After dehydration in a graded series of alcohol, the sections were stained with Delafield’s haematoxylin 


und eosin 


*Entire kidneys were prepared as described above and every section was scanned with low power optics 
+One nodule. which was very large. was only partially sectioned. Those sections inspected contained only blood cells and extraembryonic endoderm cells. 
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Table 4 Survival in vitro. of embryos carrying the /*!8 mutation 
Expected % of No. of % Of blastocysts surviving 
homozygous mutant blastocysts 22~-24th EGD 
Cross embryos cultured observed expected* 
Control 
(+/+) (4/138) 0 404 55.0 = 
Experimental 
(+ (188) x (4/118) 28.7t 402 51.5 39,2 


The +/1"'8 mice were generated by selecting normal-tailed offspring from the cross of SWR/J females (wild-type in the T region) with 7/1*'8 males 
(obtained from Dr Karen Artzt, Sloan Kettering Institute for Cancer Research). 

"Expected incidence if all 118/1718 embryos fail to survive the gestation period in vitro. 

tThe proportion of homozygotes is low for m? */t*'8 embryos because the 118 allele does not show substantial transmission frequency distortion! 7, 


remainder of the growths did not seem to be invasive at the time of 
autopsy, but rather caused a depression of the host tissue at the site 
of transplantation. Of 30 kidneys scored as negative macro- 
scopically, all but one proved to be negative upon microscopic 
examination. The exceptional kidney contained a large, sub- 
capsular growth, which was non-haemorrhagic and non-invasive. 
It lacked trophoblast giant cells and extraembryonic endoderm, 
containing instead epithelial cells which appeared to be embryonic 
in nature, some of which were arranged cylindrically, reminiscent 
of neural tubes. Although this kidney was in the ‘experimental’ 
group, we have no way of knowing whether it had received a Pe. 
a+/tf ora +/+ blastocyst. In fact, we cannot say for certain 
whether this growth originated from the implanted blastocyst or 
whether it developed spontaneously. 

The most likely explanation of these observations is that normal 
(+/+, +/t°) blastocysts, whether from the experimental or the 
control cross, give rise to the same kinds of growth under the 
kidney capsule, while all cells from 16⁄6 blastocysts die within the 
two week incubation period. 


Behaviour of t”!®/¢t*!® embryos in vitro 


As the results in Table 4 illustrate, over 50% of individually 
cultured control blastocysts from a population consisting of 
approximately equal numbers of +/+ and + /1"!8 embryos give 
rise to cells which survive longer than the normal gestation period. 
Similarly, blastocysts from the experimental cross show approxi- 
mately the same survival frequency. The implication from these 
results is that at least some cells from many of the cultured 1"! ee 
blastocysts are viable well beyond the normal period of lethality of 
homozygous mutant embryos in utero (that is about the 9th day of 
gestation), a finding consistent with the ectopic implant studies? °. 
Inspection of the cultures after three weeks (and at later times) did 
not reveal the presence of cells in the experimental cross pop- 
ulation which were morphologically distinguishable from cells in 
the control cross population. Several of the single blastocyst- 
derived cultures from both the experimental and control crosses 
have been maintained in vitro for several months, and experiments 
are in progress to determine their genotype. 


Conclusions 


According to the organisational hypothesis, ¢ mutations “affect 
discrete steps in development by impairing the differentiation of 
particular embryonic cell types’! +, presumably by interference 
with “processes necessary to cell-cell interaction and de- 
termination”'. The experiments described above, as well as others 
already published’~!', are inconsistent with this hypothesis, at 
least insofar as three classes of early-actin gt mutations (1'?, 7°, 1*5) 
are concerned. In each case, all cells of the embryo, rather than 
specific cell types, are adversely affected. The facts that cells from 
tĉ°-mutant embryos fail to survive in ectopic sites as well as in 
culture, and that some cells from ¢”!8-mutant embryos seem to 
survive under both conditions, reduces the possibility that the 
observed generalised effect of early-acting ¢ mutations is due to 
inadequate culture conditions. Our observations with tĉ-mutant 
embryos also argue against impairment of all differentiation in 
affected cells, since r°/t® trophoblast cells, clearly abnormal in that 
they fail to endoreduplicate like their normal counterparts, 


nevertheless, express characteristic differentiation markers (plas- 
minogen activator, AĴ, 3 f-hydroxysteroid dehydrogenase). Fur- 
thermore, the block to endoreduplication is unlikely to be related 
to improper cell-cell interaction, either self or non-self, since we 
have found that normal trophectoderm cells are capable of 
initiating and continuing endoreduplication, even when isolated as 
single cells (S.B. Atienza and M.LS., unpublished observations). 

It is difficult to place the observed alterations in surface antigens 
of t-mutant sperm? and embryos?! into perspective with our 
observations because unequivocal evidence has not been presented 
to indicate whether such antigens are primary f-gene products, 
secondary effects resulting from mutation in the T region, or 
products of genes closely linked to the T complex which seem to 
be part of it due to suppression of recombination. Of course, 
surface alterations can lead to cell lethality in ways other than those 
involving faulty cell-cell interactions: for example, they might 
interfere with intracellular processes such as those related to 
replication and the cell cycle*?. 

We do not yet know why some cells in em bryos homozygous for 
later-acting z mutations are able to survive and proliferate while all 
cells in early-acting t-mutant embryos die. It may be that some cells 
at advanced stages of differentiation do not express the altered 
product(s) or require the wild-type product(s) of the T-complex 
genes. We stress, however, that there is a danger in making 
comparisons between the various classes of lethal mutations until 
more is learned about the number and nature of genes in the T 
complex. 

This work was supported in part by an NIH grant (HD00827) to 
N.H. We thank Mr R. Vincenti for technical assistance, Ms. J. 
Lunn for statistical analyses for Table 3, and Dr A. Weissbach for 
comments on the manuscript. 
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Transformation of the state of nitrogen in diamond 


R. M. Chrenko, R. E. Tuft & H. M. Strong 


General Electric Corporate Research and Development Schenectady, New York 12301 


High temperature—high pressure annealing experiments on 
diamond transform type IB dispersed nitrogen into type IA 
aggregate nitrogen. The activation energy for the trans- 
formation is approximately 60 kcal mol™* (2.6 eV). An 
estimate is given for the diffusivity of nitrogen in diamond 
for this transformation 





NITROGEN impurity is found in substitutional lattice positions in 
most natural and synthesised diamonds, but its usual state differs 
in the two types of diamond. Most natural diamonds that contain 
nitrogen have it in a form that is inactive to electron paramagnetic 
` resonance (EPR) and these diamonds have been classified type IA. 
In the past this form of nitrogen has been pictured as localised in 
the platelets characteristic of type IA crystals, but evidence 
suggests the nitrogen may occur in clusters of 10-13 atoms’ or 
substitutional nitrogen pairs? rather than in platelets. Nitrogen in 
synthesised diamonds is EPR active and atomically dispersed. 
These diamonds have been placed in the type IB classification. 

IB classification. 

A few natural diamonds are type IB or a mixture of types IA and 
IB. No synthesised diamonds with wholly type IA properties have 
been made, but some type IA characteristics in certain synthesised 
diamonds have been reported? 4. 

The existence of the two diamond types poses questions about 
their relative stability and whether the stable type may be formed 
by a high temperature-high pressure treatment in the laboratory. 
If successful, this might provide an insight into the history of 
natural diamondsand give important information for understand- 
ing their growth mechanisms. For example, Klyuev ef al. and 
Evans? suggested that nitrogen deposits in the atomically disper- 
sed state (type IB) in natural diamond during growth, with the type 
IA state forming during the long residence in the high temperature 
environment deep within the earth. Is this hypothesis consistent 
with experimental data and could approximate residence times be 
ascertained? 

Our experiments have indicated high temperature—high pres- 
sure treatment transforms type IB nitrogen into type JA nitrogen. 
This has provided information about the reaction rates for the 
transformation IB to IA and the diffusivity of nitrogen in diamond. 
Some implications are drawn from the data about the growth of 
natural diamonds. More experiments should clarify some old 
questions about platelets, X-ray spikes, and gem manufacturing. 


Experimental methods 


The difficult experimental conditions necessary for transforming 
nitrogen states in diamond are dictated by the extraordinary 
refractory nature of diamond as shown by its high melting point 
and resistance to plastic flow. The melting point isabout 4,000 K at 
150 kbar (ref. 6) and no plastic yielding occurs below about 
2,073 K (ref. 7). Hence, any process requiring lattice diffusion of 
nitrogen could not be expected to proceed rapidly below tempera- 
tures of about 2,000 K. These experiments were conducted at this 
temperature level under pressures in the range 55-65 kbar to 
prevent graphitisation of the diamonds. 

The GE ‘Belt’ pressure apparatus® was used to provide the 


pressurised environment for the diamond heat treating experi- 
ments. The crystals to be heated, !~2 mm in size, were placed ina 
small cavity in the centre of a 3.17 mm diameter graphite rod (Fig. 
1). The temperatures reached in terms of power input were 
measured several times with a 0.127 mm Pt-Pt 10% Rh thermo- 
couple. Temperatures in terms of power input were consistent to 
within about +75° at the 2,273 K level. Part of the variation from 
one test to another was due to the differing cross sections of the 
crystals used. This variation influenced the heating current density 
in the graphite rod at the diamond where its cross section was 
reduced by different amounts due to the presence of diamond of 
different sizes. 

Crystals were treated at temperatures between 1,873 K and 
2,273 K, usually for 30 min at a time, at pressures near to or within 
the region for the thermodynamic stability of diamond at the 
treatment temperature, 55-65 kbar. 

' The analytical techniques used to monitor the conversion of the 
nitrogen from the IB to IA state were dictated by the characteristic 
properties ofeach state. Type IA and type IB nitrogen each induce 
their own characteristic ultraviolet, visible, and infrared absorp- 
tions; type JA nitrogen is apparently EPR inactive but type IB 
nitrogen is EPR active. Many type IA diamonds are colourless 
whereas most type IB crystals are canary yellow. 

Quantitative measurements of types IA and IB nitrogen con- 
centrations depend on the infrared absorption intensities of bands 
at 1,280 cm~! for the type JA nitrogen and at 1,130 cm~$ for type 
IB nitrogen. These two band systems have been closely correlated 
with nitrogen content by Kaiser and Bond?” for type IA nitrogen 
and Chrenko, Strong and Tuft?® for type IB nitrogen. Absorption 
spectra recorded for each crystal before and after heat treatment 
provided information on the amounts of each type of nitrogen 
present and the total in the crystal in these two states. Any change 
in this nitrogen total would indicate either a change in the amount 
of nitrogen in the crystal or a transformation to some other state 
not yet identified. 

EPR was used in a semi-quantitative manner. The decrease in 
integrated intensity (amplitude x width’) of the centre line of the 
dispersed nitrogen hyperfine triplet was a measure of the decrease 


Fig. 1 Sample holder for diamond used in the high pressure 
apparatus. The alumina liner protected the pyrophyllite sample 
holder from the high core temperature. The thermocouple was need in 
several experiments for calibration of temperature in terms of power 
input. For most annealing experiments the thermocouple was left out. 


Pyrophyliite 
sample holder 








Alumina sleeve 


Thermocouple 
lead 


1-2 mm 
Diamond 


Graphite rod heating element 
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Table tł EPR, infrared, and ultraviolet—visible data 


EPR 
Total Type IB 
time at nitrogent 

Crystal* T(K) T (min) Fy (p.p.m.) 
N-I — — 1.00 96 
2,173 30 0.38 42 
S—1 — — 1.00 365 
2,173 30 0.32 128 
2,173 60 0.15 74 
S—2 — — 1.00 237 
1,973 30 0.79 180 


Infrared Ultraviolet—Visible 
Type IA IA and IB 415 nm 
nitrogen§ nitrogen % Transmission Absorption 
Ft (p.p.m.) (p.p.m.) at 400 nm line 
1.00 37 133 ~3 None 
0.44 93 135 ~7 Present 
1.00 0 365 ~0 None 
0.35 234 362 ~5 Present 
0.20 288 362 ~5.3 Stronger 
1.00 0 237 ~() None 
0.76 24 204 ~0 None 


*N, natural diamond; S, synthesised diamond; N—1 was a mixed IA-IB crystal originally 
tF, amount of type IB nitrogen remaining/original amount of type IB nitrogen 


{From 1,343 cm~ absorption; see text. 
§From 1,280 cm~ absorption. 


in dispersed nitrogen content. The intensities were normalised to 
unit intensity for the untreated crystal. 

The ultraviolet and visible absorptions were not very useful for 
quantitative measurements because the absorption occurs in a 
poorly defined absorption tail. The increased transmission in the 


350-500 nm region and emergence of the 415.2 nm zero phonon 


line of the N-3 absorption system, however, were characteristic of 
the transformation from type IB to IA diamond. These latter 
measurements therefore, confirmed that the type IB to type IA 
transformation was occurring. 


Results 

After heat treatment, the deep yellow colour of type IB crystals had 
faded significantly. Quantitative measurements on their spectral 
absorption and EPR characteristics yielded data on the transfor- 
mation from IB to IA that are summarised in Table 1. 

Infrared absorption spectra for a synthesised type IB crystal, 
before and after heat treatment at 2,173 K far 30 min, are shownin 
Fig. 2. A natural type IA crystal absorption spectrum is included 
for comparison. The partial conversion of the type IB crystal to 
type IA is evident. 

The quantitative measurements from infrared absorption data 
showed that concentrations of type IB nitrogen decreased while 
the concentrations of type IA nitrogen correspondingly increased. 
The total nitrogen remained constant. Measurements of type IB 
nitrogen were actually made using the absorption at 1,343 cm7!, 
which is correlated with the 1,130cm~! absorption, since the 
1,130 cm~ + absorption becomes difficult to resolve as it weakens 
while the 1,343 cm7! absorption remains sharp and distinctive. 
Type IA nitrogen concentrations were obtained from its 
1,280 cm~: absorption. The EPR data showed close agreement 
with infrared absorption data on decreases in concentrations of 
type IB nitrogen. The ultraviolet—visible data indicated increased 
transmission in the 350-500 nm region with the transformation IB 
to IA nitrogen, in agreement with the quantitative measurements 
on the transformation. In the samples wherein sufficient con- 

_version had taken place, the 415 nm zero phonon line of the N-3 
system of type IA diamonds appeared, confirming the previous 
evidence on the nature of the transformation. 

Heat treatment of type IB synthesised crystals at 2,273 K 
produced only the type IA group A bands characterised by the 
absorption at 1,280 cm” !. No evidence was seen for the group B 
bands, whose strongest absorption is at 1,175cm™!. Also, heat 
treatment at 2,273 K of a natural diamond having both the 
1,280 cm~* and 1,175cm~! group A and group B absorptions 
produced no shift in relative intensities of either band. 

Quantitative measureménts on the extent of the reaction in 
terms of time and temperature indicated that the transformation 
was controlled by second order diffusion kinetics obeying the rate 
equation: 


kt = 1/e—1/eo 


in which k, the rate constant, was expressed as min ~! p.p.m.~!; ris 
the time in min; co the initial concentration of type IB nitrogen in 


p.p.m. and c the concentration of type IB nitrogen remaining after 
heat treatment. In Fig. 3, 1/c is plotted against ¢ for the data at 
2,173 K which gives k = 1.74 x 1074 min=! p.p.m.7}. 

An Arrhenius plot for all of the reaction rate data is shown in 
Fig. 4. The scatter in the data points may be attributed in part to 
uncertainties in temperature measurement and ‘to the fact that 
nitrogen can be unevenly distributed within diamond crystals. 
During growth, nitrogen hasa strong tendency tocollectin streaks 


Fig. 2 Infrared absorption spectra for a, a type IB synthesised 

diamond as grown; b, the same diamond after a heat treatment for 

30 min under pressure at 2,173 K; c, a typical type IA natural 
diamond, for comparison purposes. 
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Fig. 3 Aplotof l/c against time in min fora type IB diamond run at 
2,173 K.cis the concentration of type IB nitrogen in p.p.m. A value of 
k = 1.74x 10-4 min“ p.p.m.~! is obtained from this data. 


and patches along certain crystal planes instead of distributing 
itself uniformly. The infrared and EPR measurements do not 
differentiate between concentrated and evenly distributed nit- 
rogen. They measure only the total dispersed nitrogen present. 
Because the apparent reaction rate is proportional to the con- 
centration of dispersed nitrogen the reaction in a concentrated 
nitrogen streak would be seen as running much faster than it would 
if the nitrogen were more evenly dispersed. 

The reaction rate may also be influenced by the presence of 
dislocations. Conceivably, certain types of dislocations would 
facilitate the diffusion of nitrogen in diamond thereby speeding up 
the formation of type IA nitrogen. 

From the Arrhenius plot in Fig. 4, the activation energy for rate 
constant was found to lie within the range 48 to 73 kcal mol7?. 
Using the equation k = A exp (— E/RT), assuming an activation 
energy for the reaction rate of 60 kcal mol”! (2.6 eV) and a k value 
of 1.74 1074 min” t p.p.m.” ! at 2,173 K, a set of k values for the 
temperature range 1,573 to 2,273 K was obtained. A table of times 
for the reaction to reach 50, 99.0, and 99.9% completion at 
temperatures between 1,573 and 2,273 K was then prepared (Table 
2) for an assumed initial concentration of type’ IB nitrogen of 
Co = 500 p.p.m. 

These experiments provide an opportunity to obtain some 
rough estimates on the diffusivity of nitrogen in diamond for the 
type IB to type IA reaction. This was done by assuming type IA 
nitrogen to be in the form of clusters and making certain other 
assumptions about the size and number of clusters formed, as well 
as the concentration gradient of dispersed type IB nitrogen 
between clusters. 

The calculation for the diffusivity is based on Fick’s first law, 
AN = D(dc/dx)A t; in which AN is the number of atoms of 
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nitrogen in a 1 cm? diamond which are collected into clusters, D is 
‘the diffusivity in cm? s71, dc/dx is the concentration gradient 
‘expressed as number of atoms x cm~*, A the effective diffusion 
area in cm?, and t the time in s. 

| The effective diffusion area, A, was taken as the area of one 13 
atom cluster multiplied by the average number of clusters present 
during the initial 30-min anneal. One cluster was estimated to have 
the area of a4 x 1078 cmcube. The example used for calculating D 
was taken from Table 1 in which a crystal (S — 1) having 365 p.p.m. 
type IB nitrogen originally was heated for 30 min at 2,173 K and 
then found to have its type IB nitrogen reduced to 128 p.p.m. 
Hence, in a 1 cm? crystal the number of cluster nitrogen atoms, 
AN, would have been 42 x 10/8. The average number of clusters 
was 10!8 and the cluster spacing was 107 6 cm. dc/dx was assumed 
to be 42 x 1028 cm~? divided by 1/2 the spacing between clusters or 
5 x 1077 cm. With these assumptions, the value of D at 2,173 K is 
~3x107'* cm? s7}. 
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Fig. 4 A plot of In k values against 10*/7 for all the experiments. 
The slope of the drawn line corresponds to an activation energy of 
60 kcal mol™!. S, synthesised diamond; N, natural diamond. 


This value of the diffusivity of nitrogen in diamond may be 
compared to the diffusivity of carbon in diamond from data 
supplied by Swalin’*. Swalin gave values for Do of 11.6 cm? s~} 
and Q of 143 kcal mol~* in 


D = Do exp (— Q/RT) 


At 2,173 K this gives D = 6x 10~-!4 cm? s~!. Hence, in con- 
sideration of the nearly equal sizes of the nitrogen and carbon 
atoms, a reasonable value for the diffusivity of nitrogen for the type 
IB to type JA transformation in diamond should be in the order of 
10-!4¢m2 57! at 2,173 K. provided that the cluster model for 
aggregate type IA diamond is correct. 


Table 2 Reaction rates at different temperatures and times required to reach 50, 99 and 99.9 conversion of type |B to type 1A nitrogen 


T k Ci 
(K) (min`! p.p.m.~!) (p.p.m.) 
2,273 3.2 x107 500 
ZAG 1.74 x 10-4 500 
2,073 8.9 x 1075 500 
1,973 4.3 x 1075 500 
1,873 1.9 x 1075 500 
1,773 7.7 x 1076 500 
1,673 2.8 x 107° 500 
1,573 9.0 x 1077 500 


Conversion times 
soe, = licok 
(min) tgge, = 99/ Cok f99.9% = 999/ cok 
© 63 10h 4.3d 
l1 19h 8.0 d 
' 22 37 h 16d 
47 77h 32d 
» 105 175h 73d 
260 18d 0.5 yr 
715 49 d l.4yr 
2,200 150 d 4.2 yr 


Initial concentration, co, assumed to be 500 p.p.m. type IB nitrogen. Calculations based on: k = A exp (—E/RT) with E = 60 kcal mol”! and 


k = 1.74 10-4 min“ p.p.m.—! at 2,173 K. 
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Conclusions and discussion 


At temperatures between 1,873 K and 2,273K the type IA 
nitrogen state in diamond is the stable form, not the type IB state. 
In this temperature region the diamond states responsible for both 
group A and group B type IA absorption bands seem to be stable. 
The experiments also suggest that the transformation of dispersed 
type IB nitrogen into type IA nitrogen is more favourable 
kinetically than diffusion of dispersed nitrogen out of the diamond. 

The activation energy for the type IB to type IA nitrogen 
transformation is approximately 60 kcal mol~! (2.6 eV) over the 
temperature range 1,873 K to 2,273 K. Assuming a cluster model 
for aggregate type IA nitrogen, an approximate value for the 
diffusivity of nitrogen for the type IB to type IA transformation 
should be in the order of 10714 cm? s~! at 2,173 K. 

Continuing studies should give some insight into some old 
questions about diamonds. For example, it was believed that the 
platelets seen in type IA diamonds with the transmission electron 
microscope were composed of a nitrogen—carbon complex. New 
evidence suggests the platelets are composed of interstitial car- 
bon®:'?, with nitrogen apparently necessary for the formation of 
the platelets but not being incorporated into them in any 
appreciable amount. Transmission electron microscope studies on 
the present transformed type IB synthesised diamonds should help 
resolve the role of nitrogen in the formation of platelets. A parallel 
study on X-ray diffraction spikes should confirm any -findings 
about platelets. 

It has been considered that the various optical features of type 
JA diamond such as the 1,280 cm~! absorption band or the N-3 
absorption and emission system with its sharp zero phonon line 
were found only in natural diamonds. Hence, the finding of the N-3 
emission system in the Hannay diamonds was taken as proof for 
their natural origin’’. This assumption is probably correct since 
these features are related to aggregate nitrogen and the required 
annealing conditions for transforming the type IB dispersed 
nitrogen found in synthesised diamonds into type IA aggregate 
nitrogen have not been attainable until recently. These annealing 
conditions were almost certainly not attainable in the laboratory 
during Hannay’s time. Present experiments have shown what these 
conditions are: 1,673 K at 60 kbar for ~50 dor 1,873 Kat 60 kbar 
for ~7 d for 99% conversion of type IB to type IA nitrogen (see 
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Table 2). These times and temperatures are appreciably greater 
than those reported by Hannay!*. More detailed experiments 
will be needed to differentiate between natural and synthesised 
diamonds in the future. 

The colouration change that occurs on annealing type IB 
crystals suggests that large, yellow type IB synthesised diamonds?!5 
that are grown slowly to obtain gem quality crystals could be 
turned into colourless crystals by proper annealing. 

It now seems quite certain that during the growth of diamond in 
a nitrogen containing environment, whether naturally or in the 
laboratory, nitrogen deposits substitutionally in diamond in an 
atomically dispersed state. With prolonged dwell times in the 
growth environment, the nitrogen state changes, quite probably 
forming aggregates which impart characteristic type IA proper- 
ties. 

The time for completion of the reaction is rather short on a 
geological time scale. The fact that some natural diamonds do 
contain a substantial amount of atomically dispersed nitrogen 
suggests that these crystals were exposed to temperatures above 
1,300 to 1,500 K for only relatively short times during growth and 
later transport to the surface through the internal churnings of the 
mantle. 
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The radiogenic nature of Pb in average crust and mantle 
probably requires some interaction between mantle and core 
during core formation and is thus incompatible with hetero- 
geneous accretion models for the Earth. Pb isotope evolution 
models for hot and cool accretion indicate that core formation 
was not quasi-simultaneous with accretion although the core 
was probably 95% completed within the first 700 Myr of the 
Earth’s history. 

Sn a a 


THE high precision Pb isotope data which has became available in 
the past few years enables average Pb isotopic composition for the 
sampled mantle and crust (Fig. 1) to be estimated. The mid- 
oceanic-ridge (MOR) basalts occupy a restricted field, whereas 
oceanic islands extend linearly to more radiogenic Pb. The most 
reliable estimate of average crustal Pb is probably given by the 
present-day ratios of the conformable Pb ore growth curve! which 
represents the Pb isotopic evolution of average crustal Pb2:3, 
Another estimate is obtained from Pb in manganese nodules and 


oceanic sediments. This Pb has its origin in continental waters, as 
seawater has an order of magnitude lower Pb concentrations, and 
as the mean resident time of Pb in seawater is short (~ 3,500 yr)* it 
will give the average Pb of the eroded continental surface. Thereisa 
good agreement between both estimates (Fig. 1). It is evident from 
the difference in the 7°’Pb/?°*Pb ratio that continental crust, at 
least in the past I x 10° yr but possibly from early on in the Earth’s 
history, has followed a different Pb isotopic evolution than oceanic 
mantle. This precludes a steady growth of the continental crust 
until the present. 

If the crust-mantle U concentration is estimated to be 0.035 


‘p.p.m.°, then a u value (778U/?4Pb) of 9.5 will yield 0.0037 


p.p.m.7°*Pb. From continental crustal abundances for U of 1.9 
p.p.m. (ref. 6) and for Pb of 12.5 p.p.m. (ref. 7), a mass balance 
calculation ives 32% of U and 27% of Pbin the crust now. Despite 
uncertainties of up to 50% in some estimates a crustal Evalue of 1! 
derived from these figures is in exellent agreement with a present- 
day u value of 10.75 resulting from the Pb ore growth curve!. 
Although Pb and U are both strongly enriched in the crust, U is 
probably only slightly enriched relative to Pb. A similar geochemi- 
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Fig. 1 Lead isotopic composition of 
oceanic basalts and manganese 
nodules. Solid line, conformable lead 
ore growth curve; *, estimate of 
average sampled crust-mantle Pb 
isotopic composition. Source of data: 
MOR basalts (ref. 9); oceanic islands 15.5 
(refs 9, 21-25); manganese nodules 
(refs 26, 27 and R.V. unpublished); 
conformable Pb ore growth curve 
(ref. 1); reference isochrons (refs 10, 15.4 
l 


15.6 


207Ph/204Pþh 


18.0 


cal behaviour of U and Pb is demonstrated by only considering 
oceanic Pb: MOR basalts seem to, be derived from a previously 
depleted source region. They contain low concentrations of LIL 
(large ion lithophile) elements and contain also less radiogenic Pb 
(and Sr) than oceanic islands basalts? ? (Fig. 1). Enrichment in LIL 
elements is again correlated with a slight increase in the yz value. 
Because of this geochemical behaviour the best estimate for 
average oceanic Pb is probably not the average MOR basalt but a 
point shifted somewhat to the more radiogenic side within the 
MOR basalt field. From these figures the average Pb isotopic 
composition for the sampled crust—mantle system is estimated to 
be 206Pb/2°4Pb ~ 18.6 and 7°’Pb/?°*Pb = 15.54. 

Comparison with meteoritic Pb (Fig. 1) reveals that the sampled 
mantle and crust is radiogenic in excess of a single-stage evolution 
(anevolution with constant U/Pb ratios) dating from 4.57 x 10? yr, 
when the Pb in the Earth had the same isotopic composition as the 
Pb in meteorites; this time is commonly regarded as the time of 
accretion of the Earth. This radiogenic nature is particularly 
pronounced when the revised U decay constants of Jaffey et al.'® 
are used, and is demonstrated by large negative single-stage model 
ages from —600 Myr to — 1,000 Myr for MOR basalts and ~ 
— 800 Myr for the estimated average sampled crust—mantle system 
(Fig. 1). This cannot be attributed to uncertainties in the estimated 
crustal Pb. For the average crust—mantle system to fall on the 
meteoritic zero isochron, the average crust would have to be 
extremely unradiogenic (7°°Pb/?°*Pb ~ 14-15, corresponding to 
a model age of ~ 2,500 myr). This would be far beyond the limits of 
uncertainty in this estimate, and contrary to the observation that U 
and Pb.are on the whole very little fractionated. As it is unltkely 
that the Earth is substantially younger than meteorite parent 
bodies (a single-stage evolution, under the condition of a large 
U-Pb fractionation during accretion, would yield less than 4,420 
Myr), it follows, therefore, that the average Pb of the sampled 
crust—mantle system is almost certainly radiogenic in excess of a 
closed system evolution. U must have been added and/or Pb been 
removed from this system sometime during its history since the 
accretion of the Earth. 

It has been postulated that the unsampled (presumably lower) 
mantle is the source of the excess U. For example, Church and 
Tatsumoto’ suggest that mantle convection extends to depth 
exceeding the pyroxene—garnet transformation, resulting in a 
strong exclusion of large ion lithophile (LIL) elements from the 
mantle mineralogy and in their concentration in an interstitial 
phase. Separation of this interstitial phase would leave the lower 
mantle depleted and the upper mantle enriched in LIL elements, 
allowing u to increase with time in the upper mantle. This model, 
however, is incompatible with a chondritic rare earth abundance 
pattern for the bulk crust-mantle system. As the source of MOR 
basalts seems to be depleted in LIL elements and thus in light rare 
earth elements and has been so for much of the Earth’s his- 
tory!!~!3\ the model proposed by Church and Tatsumoto would 
demand that the lower mantle, and thus the bulk crust-mantle 
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system be even more strongly depleted in light REE than the source 
of MOR basalts. This is extremely unlikely. 

An obvious, and possibly the only conceivable way a radiogenic 
crust-mantle system may be generated would be by enrichment in 
U and depletion in Pb during core formation. This requires some 
interaction between-mantle and core during core formation (but 
does not necessarily entail equilibrium between core and mantle) 
and ‘is thus incompatible with, and a strong argument against, a 
heterogeneous accretion’ model for the Earth. 

In the following, two simple models of core formation based on 
Pb isotope data are presented. Model | is identical with the model 
of Oversby and Ringwood'* who start from the same basic 
premise; however, the revised U decay constants of Jaffey et al.'° 
will significantly alter the results. In both models it is assumed that 
all U present in the undifferentiated Earth is accumulated in the 
mantle and none is retained in the core. This seems to be a 
reasonable assumption from our knowledge of thechemistry of the 
core'°’. The Pb partition coefficient between a silicate melt and 
iron—nickel with minor amounts of sulphide or silicate has been 
measured by Oversby and Ringwood ’*, Their best estimate for the 
core-mantle Pb partition coefficient is Dp,°/™ ='2.5+0.5 al- 
though some uncertainty exists because of the required large 
extrapolation to high pressures. 


Model 1 


The specific boundary condition (in addition to those outlined 
above) for thts model is: the time of core formation is assumed to 
be short in comparison to that required to change significantly the 
Pb isotopic composition by decay, so that core formation may be 
regarded as a discrete and instantaneous process. This approxi- 
mation is valid. if core formation occurred within a few Myr. This 
will ‘reduce the Pb isotopic evolution to a simple two-stage 
evolution model with constant u in the first stage, for which is 
valid’°: 


jae B A™ (exp A't, — 1) — B™ (exp ar, — 1) 1) 
u™ — B™ (exp At, — exp At.) — A™ (expA't, — exp 1't,) 
where A™ (7°°Pb/?°*Pb)o™—ap, B™ / 137.88 


[(?7°’Pb/?°*Pb)o™ — bp], 4 and 2’ are the 795U and ?°5U decay 
constants, and pis the 7°*U/*°*Pb ratio normalised for U decay to 
its present-day value; m and c stand for the average crust—mantle 
and core, respectively, and ap, bp are the Pb isotope ratios at #, (the 
time of accretion of the Earth) derived from meteorite Pb'’. A 
relation between the u value for the bulk Earth in the first stage 
from ¢, till z, (u*#"") and the average u value for the crust—mantle 
system (u™) in the second stage from z, till £, (the present) is derived 
through the crust-mantle U and Pb concentrations C2389» 
C204p, and partition coefficients Du*™ and Dp». 


[Bo Da + (1 — Bol] (2) 


Earth 


C204pp, = Cr04p, 


146, 


4.4 ' 4.0 3.6 
Time of core formation (10° Myr) 


Fig. 2 Model 1: time of core formation as a function of the 
core—mantle Pb distribution coefficient. 


and because Dy°/™ = 0 


C238 Up = Cassy ™(1—Bo) (3) 


where f is the relative mass of the core at the present (Po = = 0.32). 


eee (2) and (3) combine to 


' Ti Z= pe (1. E Bo) +. = 
By Dpp/™ + 1 — Bo 


The results are plotted in Fig. 2. The sum of all uncertainties 
involved (except uncertainty in the distribution coefficient) may be 
approximated to be variations in the single-stage model age. The 
revised U decay constants of Jaffey et al.'° causes a change in the 
model age by a factor of 2 to 3 and, therefore, the results are 
significantly different from those obtained by Oversby and 
Ringwood’*, who concluded that the time interval between 
accretion and formation of the core was probably less than 
100 Myr and because of such a short,interval, accretion must have 
resulted in a hot initial Earth. Assuming that the U-decay 
constants (which are the most important source of any un- 
certainty) will not significantly change with any further revision, 
core formation according to this model cannot have occurred 
before 200 Myr and probably, not later than 500 Myr after 
accretion. Values fér u=" are strongly dependent on the assumed 
Pb partition coefficient: they are about 4.0, 4.8, and 6.5 for Dpp°/™ 


4) 


equal to 3, 2, and J, respectively. The average p-value for crust- . 


mantle is about 9.4. Contrary to the interpretation given by 
Oversby and Ringwood!*, this model is only compatible with an 


initially solid Earth being heated by radioactive decay until the’ 


metallic phase suddenly segregated into a core. 


Model 2 


If core formation is regarded as a first-order rate process, the rate 
of growth ore the core is piven by 





dt dt p (5) 
where f* is fractional mass of core material, which is present at any 
time in the mantle either as metallic particles, droplets, or in 


solution, and is equilibriated with the surrounding silicate phase; E 
is the growth constant for the core. The mass of core at time tis then 


B. = B.* (exp et — J) (6) 


if itis assumed that at the time of accretion of the Earth the mass of 
core had been zero. Equation (6) i is written in the commonly used 
geological timescale (1) where to is zero and time is counted positive 
into the past: 


B, = Bo* (exp ef, — exp et) (7) 


From equation (7) follows the mass of core at time tin relation toits 
present mass: 


B = Po (exp et, — exp e t) 
' expet, —] 


(8) 
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Theconcentration Cy ofa nuclide n in the residual mantle after the 
n-th batch of core material, Af, has segregated from it is related to 
the concentration.of the nuclide in the mantle (relative mass: 1 — $) 
mAN before this event by 


Cn™ (1 —B)n-1 = [A8 Dn + (1 — B)n] Cra (9) 


where Dy°/™ is the core-mantle distribution coefficient for the 
nuclide n. The change in concentration during this event is given by 
ACn = CNa— Cron- 1) and the change in the relative mass (1 — f) of 
the mantle by Af = (1—£)n-1—(1 —B)n. The concentration at 


. time ¢ is therefore related to the mass of core at time # by 


Cn” P, 
=d Ca” E dp 
——— = (D,*/™ — 1) | ——— (10) 
| Ge =( ) -$ 
Cnip™ : 
which integrates to 
Cn,™ = Cup™ (1 =B.) Donat (11) 


The „u value of the mantle at ¢ will be (approximation 


De Cpp°/Cpr™ = C204py° /C2o0apy™ 
n= (l Pee (12) 
Finally, the growth of radiogenic ?°°Pb since t is given by 
tp : 
206Ph 
(sp) -a = | Au,™ exp At dt (13) 
0 g . 
where y,™ is an exponential function of time as described by 


equations (8) and (12). A similar equation may be written for the 
*3°U—?97Pb decay system. 

The integrals for the 7°°Pb/?°*Pb and 2°’Pb/?°*Pb ratios were 
solved numerically. Values obtained for the core growth constant € 
for core-mantle Pb partition coefficients of 5, 3, and 2 are 8.5, 5.4, 
and 3.5 x 107? yr~', respectively. For a partition coefficient value 
as low as 1, e cannot be computed. Figure 3a shows the growth of 
the core with time for the three partition coefficient values and in 
Fig. 3b is plotted the growth of m™ for the same values. The 
calculated present-day yu value for average crust—-mantle is about 
9.5 and is almost independent of the distribution coefficient and 
growth constant. The u value for the bulk Earth is, however, 
above all determined by the Pb distribution coefficient 
(veh = 1,38+0.05, 3.040.1, 4.4+0.1 for Dpy/™ = 5, 3, 2, 
respectively). This model is compatible with hot accretion which 
left the Earth completely or partially molten and enabled metallic 
droplets to sink towards the centre and form a continuously 
growing core. 


Discussion and conclusions 


Pb isotope data are probably only compatible with homogeneous 
accretion of the Earth. Simple models corresponding to the two 
extreme homogeneous accretion hypotheses of (1) relatively cool 
accretion with subsequent heating by radioactive decay and (2) hot 
accretion, show that core formation was probably not quasi- 
simultaneous with accretion, as is widely held, but occurred after or 
during a period of several hundred Myr folloWing accretion. The 
exact definition of the time of core formation, f,, in model ] and 
mass of core, fẹ in model 2, is ultimately dependent on and 
determined by the rate of Pb exchange between metallic and 
silicate phases at the pressures and temperatures prevalent for 
each point in the protomanttle. If Pb exchange with the surround- 
ing silicate phase is negligibly small when segregated metallic 
bodies reach, for example, metre scale, then this is the time 
measured by f, (model 1); subsequent growth to larger units and 
shifts in their relative pasition to the centre of the Earth will not be 
measured. Therefore ¢, will be a maximum time for the actual core 
formation. Similarly, in model 2 all (in this example) metre-sized or 
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B, in % of present day mass of core 





4.4 4.0 3.6 
Time (107 Myr) 


Fig.3 Model 2: a, growth of relative mass of core, B, with time for 
three values of the core growth constant e obtained for core—mantle 
partition coefficients of 5, 3, and 2. b, Change of the mantle u value 
with time for Dp," = 5, 3, and 2. The bulk Earth p value if 
primarily dependent on the core-mantle Pb partition coefficient. 


larger metallic bodies would be included in the quantity $, 
regardless of whether they were uniformly distributed within the 
protomantle, or formed a layer, or were part of the actual core. 
The shortcomings of both these simple models are severe: for 
example, energy released during core formation and cooling only 
on the surface of the Earth will cause non-uniform and time- 
variant temperature distribution, only the latter is taken into 
account in model J, though not in model 2. Non-uniform 
temperature distribution will mean that partial segregation of the 
metallic phase may occur in some parts of the Earth earlier than in 
others. Then the calculated time of core formation in model | will 
become an average value. In model 2 this will cause the rate of core 
growth e to be variable in time. Therefore both models are over- 
simplifications which may only serve to demonstrate that there was 
probably a minimum time interval of some hundred Myr between 
accretion and completion of core-formation, but which cannot 
provide any detailed model of the process; such a model would 
have to take account of non-uniform temperature distribution. 
Model | would entail the core being in equilibrium with the 
mantle for all non-radiogenic elements; from model 2 it would 
follow that the total core is now in disequilibrium with respect to all 
elements. This disequilibrium may easily be calculated from 
equations (2) and (11) and acts in such a way that all elements 
which partition into the core are depleted in the mantle below their 
equilibrium abundance and vice versa. It seems, however, that 
siderophile elements are on the contrary less depleted in the mantle 
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than demanded by equilibrium considerations!®!?. This ap- 
parently leads to a paradox. Enrichment in the mantle of elements 
which are expected to partition into the core seems to demonstrate 
disequilibrium between core and mantle, on the other hand 
radiogenic Pb suggests that equilibrium between core and mantle 
had once been reached. Assuming that this disequilibrium is real 
and not just an indication of our lack of knowledge of distribution 
coefficients at high pressures and temperatures, a solution might be 
that temperatures within a considerable part of the Earth have 
never been sufficient for a metallic phase to separate. After core 
formation, however, this primordial material must have been 
thoroughly homogenised with depleted mantle to account for the 
radiogenic Pb excess. It is not possible to attribute this low 
temperature, primordial material to a chilled outer surface: a 
chilled protocrust would be expected to have a low yu value and 
would thus be depleted in 2°’Pb for any given ?°°Pb value relative 
to the mantle. On the contrary, the continental crust is enriched in 
207Pb, But Ringwood’s model!’ of accretion and core formation 
would (with the exception of the time of core formation) fit these 
constraints. The interior of the Earth accretes cool, a metal phase 
separates only from the hot outer regions and collects into bodies 
which sink to the centre without attaining equilibrium with the 
material which they pass through. Subsequently, depleted and 
undepleted mantle regions were homogenised by convection. The 
207Pb excess in the continental crust may indicate that the major 
part of the crust was formed from depleted mantle before 
homogenisation was achieved. 

A time interval of some hundred Myr does not invalidate the 
precipitation hypothesis*° for the origin of the moon. Although 
Ringwood states?’ that the moon forms after separation of the 
Earth’s core, there is no reason why this has to be so, as long as the 
surface temperature on the Earth during the last stages of accretion 
is sufficiently high to evaporate silicates but not high enough to 
volatilise iron’®. 
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Neurotransmitter synthesis and uptake by isolated 
sympathetic neurones in microcultures 
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Assays of isolated single sympathetic neurones show that their 
transmitter functions can be either adrenergic or cholinergic 
depending on growth conditions. The data suggest that the 
number of transmitters made by most mature individual 
neurones is restricted. 


DEVELOPMENT of transmitter functions by primary sympathetic 
neurones cultured in vitro is remarkably plastic’*. When grown 
alone in certain conditions, rat sympathetic neurones become 
primarily adrenergic. They develop the functions necessary for 
synthesis, uptake, storage, and release of catecholamines, but 
show relatively low levels of cholinergic function*~*. These 


wos 


a ak ha nae h 
Ne” BON h ak z 
z e ARRA ii 
ki & at F, AR ae 





neurones can form morphological synapses on each other which 
contain high concentrations of small granular vesicles’~° but show 
no physiological activity, probably because the neurones are not 
very sensitive to’catecholamines!°. Cultures of these same neur- 
ones, grown with large numbers of non-neuronal cells, however, 
develop many cholinergic properties. They synthesise acetycholine 
(ACh) and form functional cholinergic synapses with each other, 
heart, and skeletal muscle!~3:!1—!5, 

Medium ‘conditioned’ by incubation for 2 d with appropriate 
non-neuronal rat cells can also induce ACh synthesis and choliner- 
gic synapse formation®?:1®!7. The extent of ACh synthesis and 
cholinergic synapse formation increases as the neurones are 
exposed to higher concentrations of conditioned medium?!®!7, 
In contrast, development of the functions necessary for catecho- 
lamine synthesis and accumulation is repressed ‘In a dose- 
‘ dependent fashion by increasing concentrations of conditioned 
medium'®. Among the neurones that establish themselves’ in 
culture there is little cell death and different doses of conditioned 
medium do not significantly change the number of neurones that 
survive'®:'®. Therefore, it seems likely that a single population of 
immature sympathetic neurones is able to differentiate in more 
than one direction. By examining single cells, we hoped to 
determine how the development of transmitter function is re- 
gulated in individual neurones. In particular, is the population 
shifted from primarily single adrenergic neurones to primarily 
single cholinergic neurones by growth in high concentrations of 
conditioned medium? In the intermediate conditions: do most 
single neurones simultaneously express both cholinergic and 
adrenergic functions? Our biochemical studies on these questions 
have been reported in preliminary form’®. Motivated by similar 
objectives, Furshpan et al.'* and Landis? have recently made 
physiological and morphological observations .on individual 
neurones grown in conditions similar to ours. 


Synthesis of transmitter 

When primary sympathetic neurones were plated at low density 
into micro-wells grown in conditioned medium lacking the 
cholinergic ‘factor’, and examined after 4 weeks, many wells were 
found to lack neurones. Others contained one visible neurone (Fig. 
1), while still others contained 2-20 neurones. If only single 
neurones were plated initially, a Poisson distribution of neurones 
per well could: be anticipated. In fact, small clusters of neurones 
were also plated so a typical plate contained 35 empty wells, 2-5 
wells with single neurones, and 20 wells’ with more than one 
neurone. 
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Fig. 1 An isolated sympathetic neurone. This montage shows an 
isolated neurone, grown on a dried collagen drop, with its neuritic 
ramifications. To assay transmitter synthesis the neurones were 
grown in Falcon 3034 Terasaki culture plates. One of these plates 
contains 60 Wells with a capacity of 10 ul each. Approximately 50 ug 
of rat tail collagen in 10 yl 0.1% acetic acid?° was evaporated in each 
well. The plates were then sterilised under an ultraviolet lamp. 
Sympathetic neurones were dissociated from newborn rats (Charles 
River CD)*-7'. In some experiments, these were plated at appropriate 
dilutions directly into the micro-wells and allowed to settle for 2 h 
before conditioned medium (CM) or control L-15 CO, medium with 
methocel, rat serum, and nerve growth factor flooded the wells*:!©. In 
other experiments, cardiac cells were dissociated from the hearts of 
newborn rats with collagenase (EC 4.24.3) (Worthington type I, 
1 mg ml~* in Ca?*, Mg?*-free Hanks solution for 20 min at 37 °C) 
and approximately 500 cells were seeded in each well. After 2 h, the 
wells were flooded with complete L-15 CO, medium containing rat 
serum, but lacking methocel and nerve growth factor. After 1—4 d,the 
heart cells had formed monolayers in the wells. At this point, the wells 
were seeded with neurones at an appropriate dilution and incubated 
with complete L-15 CO2 medium*!® containing methocel, rat serum 
and nerve growth factor. Inall ourcultures, proliferation of heart and 
other rion-neuronal cells was prevented by y-irradiation (5,000 rad 
over 25 s) 2 d after the neurones were seeded. Neurones adhering to 
the sides of these wells were scraped off 2 d after platin g with a tapered 
Teflon rod. Cells were grown for 28-35 d in the same L-15 CO 2 
medium, which was changed on day 2 and every 4 d thereafter. The 
wells were then scanned with the phase contrast optics and only those 
in which the neurones could be counted easily were used for studies of 
transmitter synthesis and uptake. In preparation for labelling, the 
plates were washed twice with complete L-15 CO, medium lacking 
methocel and three times with complete L-15 CO, medium lacking 
methocel, tyrosine, and choline. The neurones were starved for 
30 min in this medium and the plates washed three times more with 
complete L-15 medium lacking methocel, tyrosine and choline. At 
this point 10 yl of this same medium, containing 0.25 ug freshly added 
ascorbate, 700 pmol °H-L-tyrosine (10-20 Ci mol™'), and 700 pmol 
*H-choline (10.1 Ci mmol~*), were added to each well. At 4 and 8 h 
later, an additional 1, 4l of the same medium, containing 0.25 yg fresh 
ascorbate, was added to each well. After 12 h incubation at 37 °C, the 
plates were washed three times more with the same medium, without 
isotope. The wells were drained, and each well was filled with 10 lof. 
PH 1.9 buffer containing unlabelled standards*:?2. The plates were 
stored for 1-48 h at — 20 °C and wells were thawed and frozen twice ` 
before the-contents were-applied to paper, and the transmitters were 
separated by high voltage:electrophoresis (6,000 V, 90 min)??. The 
sections, of paper containing dopamine, NA and .ACh were iden- 
tified’, cut out, and counted*. The counting efficiency (~ 25%) was . 
determined by drying on paper known quantities of the tritiated 
precursors. CM containing the cholinergic ‘factor’ was obtained by 
incubating 20 ml of complete L-15 CO, medium for2 d witha 75-cm 
monolayer of:the rat glioma cell line C6 (ATCC CCLI10723) in a 
Falcon 7004 tissue cultured flask. CM lacking the ‘factor’ was 
obtained by incubating the same amount of: medium with a mon- 
olayer of embryonic chicken heart cells in the same type of flask’°, 
The chicken heart cells were obtained from 10-d chicken embryos by 
collagenase dissociation, using the procedure used for rat hearts. 
Single neurones are apparently more fastidious than mass neuronal 
cultures, so that standard culture conditions used in these studies 
were not always successful. It was particularly difficult to obtain firm 
adhesion of single neurones to collagen sheets. All manipulations had 
to be performed very gently, and it was useful to verify that the 
neurone remained in the well at the end of the many medium 
changes that followed the incubation with labelled precursors. Since 
l fmol of labelled transmitter provided only 10-20 c.p.m., it was 
important to clean the electrophoresis tanks before each-run and to 
use standards, blotting paper, scissors, and scintillation fluid that had 
not been contaminated by other experiments. With these precautions, 
the background was reduced to approximately 30 c.p.m. in favour- 
able experiments. Unknown causes gave higher back grounds in some 
experiments and these results were discarded. All vials were counted 
twice for 10 min and the results were averaged. The pieces of paper 
containing transmitters'were compared to equal sized paper pieces, 
cut just in front and behind the transmitter spots. 
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Most of these wells were incubated with *H-tyrosine and °H- 
choline for 12 h and.synthesis of 7H-ACh and ?H-noradrenaline 
(NA) was measured after the incubation. The results of a typical 
experiment are presented in Fig. 2. Significant amounts of 3H-ACh 
were not detected in any well. Synthesis of °H-NA was not detected 
in any wells lacking visible neurones. In the 10 wells containing a 
single neurone, however, 10-50 fmol of NA synthesis was seen. 
Wells containing more neurones made, on the average, more?H- 
NA. (Only the results from the wells containing 0, 1 and 4 and 5 
neurones are presented in Fig. 2 because the other classes provided 
no additional insight.) These results show that single neurones 
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107, 8-53 fmol of *H-ACh without detectable >H-NA synthesis 
| In three wells there was synthesis of 9-17 fmol of 3H-NA 
but no detectable 7H-ACh. In only one single neurone well wa: 
5 there synthesis of both 7H-ACh and 7H-NA, 6 fmol and 3 fmo 
respectively. The results suggest that there are at least two anc 
possibly three classes of neurones, differing in their patterns o: 
transmitter synthesis. Support for this interpretation is providec 
b by the data obtained from wells containing more than one 
neurone. Synthesis of >H-ACh was seen in all five wells containing 
two neurones, but 7H-NA was seen in only one, Suggesting that 
four wells contained two cholinergic neurones while one well may 
re have contained one adrenergic and onecholinergic neurone. In the 
wells containing more neurones, highly disparate ratios of °H- 
5 ACh to *H-NA synthesis were seen. These fluctuations also 
suggest that more than one class of neurones developed in these 
wells. 

Several experiments have been done on single cells grown in 
conditions where the average ratio of 7H-NA synthesis is closer to 
one. In these experiments, the neurones developed in the presence 
of L-15 CO, medium conditioned by previous growth with the rat 
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Fig. 2 *H-ACh and ?H-NA synthesis by neurones grown in control 
medium. The neurones were grown for 29 d in complete L-15 CO3 
medium supplemented with 20% of the same medium first con- 
ditioned on a monolayer of chicken embryo heart cells. The neurones 
in each well were counted and incubated with 3H-choline and 3H- 
tyrosine. The results are plotted in separate graphs for those wells 
containing: a, 0; b, 1, orc, 4or 5 neurones. No synthesis of detectable 
°H-ACh was seen in any well. The amount of 3H-NA synthesised 
rounded to the nearest multiple of 10 fmol, is plotted on the abscissa. 
The number of wells making a particular amount of 3H-NA is 


glioma cell line C6. Neuronal mass culture grown in this medium 
make significant amounts of *H-ACh'®. The results with the single 
neurones are summarised in Table 1. In 50% conditioned medium 
approximately 45% of the neurones made detectable levels of °H- 
ACh, but not 7H-NA; roughly the same percentage made °H-NA, 
but not °H-ACh. In about 5% of the wells synthesis of both 
transmitters was seen. In 20% conditioned medium, 90% of the 
neurones were adrenergic; the remainder were cholinergic. The 
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make detectable quantities of *H-NA, but not 73H-ACh, when 
grown in these conditions. Every neurone synthesised and accu- 
mulated detectable transmitter, but the amount made by a single 
cell may differ by at least a factor of 5. 

Why do single neurones make such differing quantities of °H- 
NA? To see whether differences in transmitter synthesis simply 
reflected differences in metabolic activity of neurones, we 
measured theacid precipitable radioactivity in 7H-tyrosineand °H- 
choline derivatives. The results are shown in Fig. 3. There is a 
correlation, but not a strong one between the amounts of 
radioactivity in the acid precipitable and NA fractions. Some 
neurones were metabolically active, but produced relatively little 
transmitter. By this criterion, the neurones seem to have differen- 
tiated to different extents afterculture for4 weeks invitro. Immature 
neurones have been seen in superior cervical ganglia as late as 3 
weeksafter birth?*. Our results could reflect thisdocumented in vivo 
heterogeneity, but alternatively, may reflect limitations in our 
methods for nerve culture. 

The primary sympathetic neurones can also be grown in 
conditions which promote cholinergic development. Figure 4 
shows the results of one representative experiment in which the 
neurones were plated onto monolayers of rat embryo heart cells 
and labelled 32 d later with *H-tyrosine and *H-choline. Wells 
containing heart cells but not neurones made neither 7H-NA nor 
7H-ACh. In the wells containing neurones, the average synthesis of 
*H-ACh was seven times that of 7H-NA, but single neurones did 
not synthesise both transmitters in this ratio. In 26 of the 30 wells 
that seemed to contain a single neurone we detected synthesis of 
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Fig. 3 Incorporation of radioactivity into the acid-precipitable and 
NA fractions of single neurones. The cells from Fig. ] were used for 
this experiment. After high voltage electrophoresis, strips of paper 
including the regions within 1 cm of the origin were placed on a 
Millipore filter with the sides to which radioactivity had been applied 
uppermost. These strips were washed with cold 10% trichloroacetic 
acid, and counted in a scintillation counter to determine the amount 
of and precipitable radioactivity. The background from five wells 
containing no neurones averaged 42c.p.m. and was subtracted. 
c.p.m. acid precipitable radioactivity is plotted on the ordinate: fmol 
4H-NA in the precipitate on the abscissa. 


Table 1 Transmitter synthesis by single neurones grown in various conditions 


Growth ACh NA ACh and NA Negative ACh:NA 
conditions neurones (a) neurones (b) neurones (c) neurones (d) ratio 
Control 0 18 0 0 <0.02 
20% CM 2 21 0 0 0.15 
50% CM 15 15 p. 2 2.4 
Heart cells 26 : 3 ] 0 7.0 
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Pooled results are given of all experiments on neurones grown in control medium, in 20% and 50% 
monolayers. Procedures for growing neurones in control medium and on rat heart monolayers were as descr 
or 50% conditioned medium (conditioned with C6 cells) were labelled 25-28 d after plating. The values are the numbers of single neurones making only ACh 
(a},the number making only NA (8), the number making ACh and NA (c), the number making neither transmitter / d), and the average ratio of ACh to 
NA synthesis in the pooled results, including wells with more than one neurone. 
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Fig. 4 °H-ACh and °H-NA synthesis by neurones grown on heart 
cells. Culture age was 32 d. The neurones in each well were first 
counted, then the wells were washed and incubated with *H-choline 
and °H-NA (see Fig. 1 legend). The results are summarised in 
separate graphs for wells containing 0 (c), 1 (b), or 2 (a) neurones. 
The fmol *H-ACh synthesised by a particular well is plotted on the - 
abscissa. The number of wells in which there was a particular 
amount of 7H-ACh synthesis is plotted on the ordinate. Values for 
*H-ACh synthesis are rounded to the nearest multiple of 10 fmol. 
(There were no examples, though, in which 2—5 fmol 7>H-ACh was 
synthesised, and only one example in which a cholinergic neurone 
made less than 8 fmol *>H-ACh. That neurone seemed to make 
6 fmol 7H-ACh and 3 fmol 3H-NA). When there was detectable °H- 
NA synthesis in a well, the amount has been written directly above or 
to the right of the appropriate bar. Averaged, >H-ACh synthesis by 
all these neurones was seven times as high as *H-NA synthesis. 


pooled results of all our experiments are summarised in Table 1. It 
seems that most cells become primarily cholinergic or adrenergic, 
but that the percentage committed to either path depends on the 
growth conditions. 


Uptake of noradrenaline 

Transmitter synthesis is only one parameter of neuronal function. 
Many neurones also have high affinity uptake systems for the 
transmitters that they synthesise, store, and release (compare ref. 
25). We have found that sympathetic neurones cultured in 
conditions which promote adrenergic development possess such 
an uptake system for NA, with a Km of ~ I uM, which is 
blocked by cocaine. Storage of this NA is abolished by reserpine’. 
Mass cultures of sympathetic neurones grown on monolayers of 
rat heart retained the ability to concentrate and store 7H-NA, but 
ata reduced rate (data not shown). One possibility was that no °H- 
NA uptake occurred in neurones making ACh. 

To see whether cholinergic neurones could also concentrate and 
store NA, single neurones were grown on rat heart monolayers for 
30 d and were then labelled with 7H-choline, and °H-NA (50 nM). 
The results are presented in Fig. 5. Wells containing no neurones 
neither made >H-ACh nor concentrated 7H-NA. Significant *H- 
NA uptake was seen in all 57 wells containing a single neurone; °H- 
ACh synthesis was seen in 53 of these same wells. Clearly, most 
neurones have an uptake system for NA. The few that did not do 
both may have been cells, like those in Fig. 4, that synthesised only 
3H-NA and not 3H-ACh. 


Conclusion 

Examination of transmitter synthesis and uptake functions in 
developing sympathetic neurones has revealed the existence of two 
or three different classes of cells. The first class, virtually the only 
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class present when the neurones are grown alone, is adrenergic. 
The individual neurones synthesise considerable NA, but no 
detectable ACh. In mass culture, they have a high affinity uptake 
system for NA*®. They almost certainly correspond to the 
neurones described by Furshpan et al. and Landis‘**"* that, when 
stimulated, evoked only adrenergic responses in heart cells and 
have varicosities filled with small granular vesicles after KMnO, 
fixation to localise endogenous NA. 

The second class synthesises considerable amounts of ACh, but 
no detectable NA; however, these neurones retain the ability to 
concentrate.and store exogenous NA (Fig. 5). These probably 
correspond to the neurones described by Furshpan et al.’ and 
Landis? which contained no endogenous small granular vesicles, 
formed cholinergicsynapses on themselves and evoked cholinergic 
but not adrenergic responses in heart muscle cells. 

Furshpan et al.1? and Landis? have also presented convincing 
evidence for the presence in young cultures of a third class of 
neurones that releases both cholinergic and adrenergic transmit- 
ters on heart muscle cells. Their experiments did not show that 
single cells synthesised both transmitters; conceivably they could 
have concentrated NA made by other neurones on the dish. They 
also did not show whether the neurones were transiently or 
permanently bifunctional. It is possible that all young neurones 
responding to the cholinergic inducer substance(s) might pass 
through a bifunctional phase. Our experiments with more mature 
neurones do not contribute to the study of these very interesting 
cells. Although we have found occasional neurones that seemed to 
synthesise both NA and ACh (Fig. 4, Table 1), they were rare 
enough to be possible artefacts. Either a hidden neurone or 
terminals from one whose cell body had been lost might explain 
our results. Neuronal numbers can be counted with high, but not 
absolute, reliability with phase contrast optics. This limitation in 
our methods makes it difficult to study rare classes of neurones. In 
the future, of course, neurones shown electrophysiologically to be 
releasing both ACh and NA can also be assayed for ACh and NA 
synthesis from labelled precursors. 

The two major classes, those neurones exhibiting cholinergic 
and adrenergic biosynthetic activities, are present in different 
proportions in different growth conditions. In our experiments, the 
fraction of neurones committed to ACh synthesis increased as the 
ratio of ACh to NA synthesis in the whole population increased 
(Table !). In addition to the shift in the population of neurones 
caused by conditioned medium or heart cells, it is also possible that 
these ‘cholinergic’ factor(s) when present in higher concentrations, 


Fig. 5 °H-NAuptake and 7H-ACh synthesis by the same neurones. 
Neurones were grown for 30 dincomplete L-15CO2 onmonolayersof 
embryonic rat heart cells. The neurones in each well were counted. 
Then they were incubated with ?H-cholineand unlabelled tyrosine for 
10h. Each well then received 2 wl of the same medium containing 
50 fmol 7H-NA (22 Ci mmol7!; NEN). The final 7H-NA con- 
centration was 50 nM. Wells were washed and cells collected 2 h later. 
The results are for wells containing 0(4) or | (a) neurone. The fmol 7H- 
ACh synthesised is on the abscissa; the fmol *H-NA uptake is on the 
ordinate. Each circle represents a single well. 
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might cause neurones committed to the cholinergic decision to 
produce higher levels of ACh. The heterogeneity in the individual 
neuronal responses in our experiments precluded a firm answer on 
this point. 

Virtually every single neurone that survived made at least one 
transmitter in our experiments. This result suggests that there are 
no large populations of ‘silent’ neurones making neither ACh nor 
NA inmass cultures grown in adrenergic or cholinergic conditions. 
Since the same number of neurones survive in cultures grown in 
several different concentrations of cholinergic ‘factor’’®, selective 
death of adrenergic cells in cholinergic conditions and the reverse 
are unlikely to explain the alterations in transmitter synthesis. 
Instead, individual neurones probably retain developmental plas- 
ticity at the time they are plated on the dish. 

Most primary sympathetic neurones did not make detectable 
amounts of ACh and/or NA (Figs 2,4; Table 1), suggesting that 
regulatory mechanisms limit transmitter synthesis by single sym- 
pathetic neurones. Such mechanisms may force individual cells to 
respond in a ‘flip-flop’ fashion to the cholinergic ‘factor’. The 
young dual functional neurones described by Furshpan et al.'? 
may have been in a transitional state when they were examined. 
This may also have been true for the few neurones that we observed 
which made two transmitters. The heterogeneity in response of the 
individual neurones to a given level of the cholinergic ‘factor’ may 
reflect the heterogeneity in developmental time course that has 
been documented in vivo‘, or it could reflect microheterogeneity 
in the tissue culture environment. Either could explain the broad 
distribution in rate of transmitter synthesis by single neurones. 

In some cells, however, regulation of transmitter synthesis is 
more complex than predicted by the ‘flip-flop’ model. In several 
systems there is evidence for the simultaneous presence of more 
than one transmitter in a single neurone”°. Neuroblastoma clones 
have been isolated which contain high levels of tyrosine hy- 
droxylase and choline acetyltransferase*’. Similarly, the rat 
pheochromocytoma PC12 synthesises both NA and ACH SaN, 
Some, but not all sub-clones of PC12, retain high levels of both 
tyrosine hydroxylase and choline acetyltransferase. While single 
cell analysis has not been done on this clonal line, the available 
results make it unlikely that cell lines are forced to respond in a 
‘flip-flop’ fashion. Possibly, the clonal lines are frozen in an 
embryonic state of development. Alternatively, choices between 
transmitters are not obligatory, but are highly probable in the 
conditions in which the cultured sympathetic neurones develop. 

The uptake of NA by neurones that synthesise ACh is consistent 
with the observation that NA can be concentrated into small 
granular vesicles of identified single neurones that secrete ACh. 
Experiments oni mass cultures had indicated that NA uptake was 
reduced 10—20-fold in cholinergic growth conditions (data not 
shown), so we had expected NA uptake to be restricted to 
adrenergic cells. Possibly the proteins required for the uptake and 
storage of NA are regulated independently of the NA biosynthetic 
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enzymes. Indeed, neuroblastoma clones that have one, but not 
another of the biosynthetic enzymes for NA have been de- 
scribed?!, suggesting that every adrenergic function can be 
independently regulated. Alternatively, all the sympathetic neur- 
ones may develop some adrenergic functions before they respond 
to the cholinergic ‘factor’. In support of this interpretation, 
sympathetic cells in newborn rats are known to be weakly 
fluorescent2* and to initially form in vitro endings with high 
concentrations of small granular vesicles which are lost with 
cholinergic development?. At least one sympathetic neurone-like 
rat pheochromocytoma clone also synthesises significant amounts 
of NA in the ‘undifferentiated’ state?®. Possibly, then, the proteins 
required for synthesis, uptake, storage, and release of NA are made 
in most young sympathetic neurones. Their synthesis is reduced or 
eliminated by contact with the cholinergic ‘factor’, but the 
activities which are more stable persist in lower amounts in the 
developing cholinergic cell. 
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THE immune response or Ir genes control the levels of immune 
responses to specific antigens. In many species, an important 
group of such genes has been shown to lie in the major histocom- 
patibility complex (MHC) (ref. 1). Considerable interest attaches 
to the Ir genes of man, in particular because of the associations 
between antigens of the HLA system (the human MHC) and 
certain diseases, many of an autoimmune character, such as 
ankylosing spondylitis, Addison’s disease, juvenile diabetes, coel- 
iac disease and multiple sclerosis?’?. Ir gene polymorphism is 


is2 


thought to play an important part in these disease associations. 
Some progress has been made in demonstrating human Ir genes, 
particularly in certain allergies*-®, but a major obstacle in 
experimental work is the ethical and practical problem of im- 
munising volunteers and their families with antigens of scientific 
interest. In order to avoid these difficulties, we have attempted to 
detect products of Ir genes on human lymphocytes in vitro, using 
methods which have been successful in the mouse. In particular we 
have looked for Ir gene products involved in immunological cell 
interactions. Two types of such products have been described : 
recently, namely the antigen-specific T cell factors, which are 
‘soluble mediators of T cell-B cell’ and T cell-T cell? interaction, 
and the cell-bound acceptors, the sites on the lymphocyte surface 
where reaction with the T cell factors takes place’. The factors 
include antigen-specific helper and suppressor products which are 
assayed by their abilities to replace the helper or suppressor effects 
of T cells in vivo or in vitro°—'*, while the acceptors are defined by 
the capacity of lymphocytes to absorb the specific factors’. In the 
mouse, both the factors and the acceptors are coded at least 
partially by genes in the I region of the H-2 complex™!3!4 and it 
has been proposed that they are the structural products of the Ir 
genes which are found in the same region. Thus, the inherited 
absence of either the helper factor for a particular antigen or its 
acceptor, is associated with low response to that antigen in mice’. 
In this report we describe a remarkable feature of the mouse 
specific helper factors, namely their ability to be absorbed by 
human peripheral blood lymphocytes (PBL). On interaction with 
the mouse factor, human PBL are activated and proceed to 
antibody production in vitro’. This suggests that critical mech- 
anisms for the interaction between helper and acceptor structures 
have been preserved in speciation. Furthermore, the acceptor sites 
of human PBL seem to be polymorphic: for antigens such as 
synthetic polypeptides under murine Ir gene control, lymphocytes 
of different human individuals can be shown to be either high or 
low absorbers of the relevant T cell factors. Family analyses 
indicate that the acceptor genes are linked to the HLA complex, 
and preliminary mapping of two loci has been achieved in HLA- 
recombinant families. These findings provide an approach to the 
detection and mapping of the Ir genes of man. 


T-cell factor interaction with human lymphocytes 


Antigen-specific T cell helper factors were prepared against sheep 
erythrocytes (SRBC) and the synthetic polypeptides (T,G)-A-L 
(batch 1383) and (Phe,G)-A-L (batch 223). The method, detailed 
elsewhere”, involved in vitro incubation of specifically educated 
(primed) mouse (C57B1/6) thymocytes together with antigen for 
6-8 h. The cell-free supernatants of the educated T-cell cultures 
were the source of T-cell factors. Factor activity was assayed, 
before and after absorption by human lymphocytes by transfer 
into irradiated (700 rad) syngeneic mouse recipients together with 
bone marrow cells and antigen™?. Plaque forming cells (PFC) 
against the relevant antigen were measured 8-10 d later for SRBC 
or 12-14 d later for polypeptides, in the spleens of the animals, 
using appropriately coated erythrocytes? and compared with 
suitable controls. Donors of human lymphocytes were employees 
of Hoffman-La Roche, Basel, and members of their families. 
Samples of 20 ml of blood were taken in heparin and lymphocytes 
separated by Ficoll sedimentation!®. The cells were washed three 
times in medium free of calcium and magnesium and maintained 
before use in phosphate buffered saline (PBS) containing 10% 
foetal calf serum. For absorption of T-cell factor, 107 PBL from 
each donor were sedimented and resuspended in 2-3 spleen 
equivalents of T-cell factor (approximately 0.5 ml of the super- 
natant of educated T-cell culture), without further addition of 
antigen. After incubation for 30 min in ice, the lymphocytes were 
removed by centrifugation and the absorbed supernatants were 
mixed with mouse bone marrow cells and antigen and transferred 
into irradiated recipients (five per group) as described above. All 
the absorption tests on human lymphocytes were carried out 
strictly blind, with the identity or HLA type of individuals 
concerned being revealed only after final results had been ob- 
tained. HLA-typing was by standard techniques, using the 
facilities of the Basel Institute for Immunology. 
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Table 1 PFC responses before and after absorption of specific mouse T cell 


factors with lymphocytes of different human donors 


PBL donor Mouse factor specific for 
(initials) (T,G)-A-L (Phe,G)-A—L SRBC 
— (Controls) 2,100 + 280 3,600 + 312 4,400 + 360 
GE 10* +8. 25" 215 71*+35 
GM 1,700f +210 15*+11 40* +26 
HB . 15*+II 2,700T +188 55* +26 
RF 2,400f +235 2,850f +296 112*+65 
Results as geometric means of PFC per spleen + s.d. (five mice per group). 
*High absorber. i 
{Low absorber. 


Incubation of the antigen-specific mouse helper factors with 
human PBL results, in many cases, in the complete removal of 
factor activity from the supernatant. This phenomenon is con- 
sistently observed in randomly-selected human donors for the 
helper factor specific for SRBC. Table 1 showsa typical absorption 
result, in which 10’ PBL of four donors all removed the SRBC- 
specific factor. No failure to absorb this factor has yet been 
observed. But, when the mouse factors specific for the synthetic 
polypeptides (T,G)-A-L and (Phe,G)-A-L were used, the PBL of 
some but not all donors were found to absorb. In the majority of 
cases, clear-cut distinction between high and low absorbers was 
possible. Table 1 illustrates this—PBL of donors GE and HB 
absorbed the (T,G)-A-L specific factor, whereas those of GM 
and RF failed to remove the factor. A similar result is seen for the 
(Phe,G)-A-L factor, where this time GE and GM are high 
absorbers, and HB and RF are low absorbers. It thus seems that 
acceptor sites for the (T,G)-A-—L and (Phe, G)-A—L specific factors 
are expressed on the PBL of some but not all individuals, while the 
ability to absorb SRBC-specific factor has been found on PBL of 
all individuals so far tested. Moreover, as Table 1 shows, all 
combinations of high and low absorption seem to be possible in 
different individuals (with the exception of low to SRBC factor). 

These findings have so far been extended to 41 random 
individuals, and the results are summarised in Table 2. Approxi- 
mately 34% of the individuals tested are low absorbers of the 
(T,G)-A-L factor, 27% are low absorbers of the (Phe,G)-A-L 
factor, and 15% are low absorbers for both, although it should be 
noted that a smaller number of donors have so far been tested for 
(Phe,G)-A-L (26 tested) than for (T,G)-A-L (41 tested). These 
findings closely resemble those made in the mouse, where the B 
cells of some low responder strains fail to absorb the (T,G)-A-L or 
(Phe,G)-A-L specific factors and various combinations of the low 
absorption phenotypes for the different factors have been found. 
Note that in the mouse, lack of the acceptor site for an antigen-. 
specific T cell factor can be correlated with low response of the 
animal to the antigen’. The absérption characteristic of each 
individual was a stable trait which could be. detected very 
reproducibly, as indicated by perfect concordance in a re-test of 25 
donors carried out blind, 6 months after first testing. 

Family analysis strongly suggests that the abilities to absorb the 
T-cell factors for the two synthetic polypeptides are indeed 
inherited as simple Mendelian traits. A typical pedigree in three 
generations is shown in Fig. 1. This family illustrates the domi- 
nance of the high absorption characteristic. For example, the 


I Se ĖĖÁ 
Table 2 Absorption of specific mouse T cell factors by human lym- 
phocytes: summary of phenotypes observed 


No. of Factor absorption 
phenotypes (T,G)-A-L (Phe,G)-A—L SRBC 
13 l High High High 
3. High Low High 
11 High NT High 
6 Low High High 
4 Low Low High 
4 Low NT High 


eee 
Approximate gene frequencies: (T,G)-A-L, high 0.4, low 0.6; (Phe,G)- 
A-L, high 0.5, low 0.5 (see discussion). NT, not tested. 
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Family | 

I 
I] 
III 

HLA haplotypes Absorption loci 

A B C p t 
(a) w30 12 w2 + = 
(b) w24 w35 w4 €) + 
(c) w23 wl7 - = + 
(d) w32 w40 w3 = j 
(x) 1 8 = + = 
(y) 29 12 j 5 i 


Fig. 1 Pedigree of abilities to absorb mouse T cell factors. PG + 
and PG —, respectively the high and low absorption phenotypes for 
the (Phe,G)-A-L-specific mouse T cell factor. TG+ and TG—, 
respectively the high and low absorption phenotypes for the (T,G)- 
A-L-specific mouse T-cell factor. a, b, c, d, xand y, represent the HLA 
HLA haplotypes of the family members. p and /, the genetic loci 
controlling respectively the absorption of the (Phe,G)-A-L and 
(T,G)-A-L factors. With respect to the p and # loci, the signs + and 
— denote high and low absorption alleles respectively. The key 
shows the deduced linkage phase of p and t with each haplotype. 


mating II.2 x H.3 between two PG* individuals gives both PG* 
and PG ~ offspring; thiscan be interpreted as an intercross between 
two heterozygotes of genotype p* /p~, in which the ‘high absorber’ 
gene p* behaves as dominant over its p™ allele. A similar 
interpretation applies to the inheritance of the TG character in the 
offspring of the mating I.1 x I.2. Thus, family data support a model 
in which the absorption abilities are controlled by two loci (t, p) 
each with two alleles (¢*, t7; p*, p~), high being dominant over 
low. Accepting this model and assuming that the population 
presented in Table 2 is at Hardy-Weinberg equilibrium, the gene 
frequencies are: ¢* ~ 0.4,t° ~ 0.6;p" œ~ 0.5,p7 = 0.5. 


Acceptor relationship to HLA system 


On the basis of the situation in the mouse it was obvious to look for 
a linkage with the HLA region, and indeed inspection of the family 
in Fig. 1 shows that the genes controlling the TG and PG 
phenotypes, assigned independently of any knowledge of the HLA 
typing, segregate with the HLA haplotypes. So far, no cross-over 
between HLA and the acceptor loci has been observed in over 20 
potentially informative offspring of backcross type matings, (other 
than in families with known recombinations within the HLA 
complex as described below). Thus, close linkage between the 
acceptor loci t and p, and HLA is indicated, though a significant 
recombination fraction cannot be excluded. In this and other 
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families several other genetic markers were studied, either with no 
information (Kk, Kp, Js, Wr’, ADA, AK, Inv) or with evidence of 
independent segregation (ABO, MNSs, P, Rh, Fy, Lu, KI, Le, Xg’, 
Hp, ACP,, PGM,, GPT, Ge, Pt and Gm). 

Confirmation that there are indeed two acceptor lociin the HLA 
complex comes from HLA-recombinant families, one of which is 
shown in Fig. 2. The recombinational event occurred between the 
HLA-A and HLA-C loci in the mother and the recombinant 
haplotype (denoted cxd) is carried by a daughter (11.1). This 
pedigree shows that crossing over must also have occurred 
between the acceptor loci t and p, and that the acceptor locus t must 
be on the HLA-A side of the cross-over event, while the acceptor 
locus p is on the HLA-C side. Figure 3 illustrates this in skeleton 
form. Further recombinant families are being studied to localise 
the acceptor genes further. | 

In some instances, for HLA antigens of the A, B, C series a trait 
under study is associated with a given marker at another locus of 
the HLA region, that is, the two traits are in linkage disequilib- 
rium!7. Analysis of over 40 individuals rules out such a possibility 
for the TG and PG phenotypes in regard to HLA (ABC), even with 
the two frequent supertypic specificities w4 and w6, which split the 
HLA-B antigens into two main groups’®. It could be more 
informative to study the associations with the D polymorphism 
(mixed leukocyte reaction) and Da (D-locus associated) antigens, 
which are the equivalent of Ia antigens in the mouse. 


Discussion 


Our results show that human peripheral blood lymphocytes carry 
acceptor sites for the mouse T cells factors for the synthetic 
polypeptides (T,G)-A—L and (Phe,G)-A-L. The abilities of being a 
‘high absorber’ or a ‘low absorber’ are individual stable characters, 
which are inherited as simple Mendelian traits linked to the HLA 


Fig. 2 Absorption of mouse T-cell factors in a pedigree containing 
a recombination in the HLA complex. Abbreviations as in Fig. 1. a, 
b, c, and d represent the HLA haplotypes of the family members, 
' c x d being the recombinant haplotype. 





Family 3 
I 
II 
PG+ PG- PG+ 
TG+ TG+ TG- 
HLA haplotypes Absorption loci 
B C A p t 
(a) 8 = l = = 
(c) w15 w3 3 a + 
fd) 7 — 2 a a 
(c x d) J — 3 
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Fig. 3 HLA complex indicating preliminary mapping of the two 
acceptor loci p and t. p, acceptor locus for (Phe,G)-A—L factor, t, 
i acceptor locus for (T,G)-A-L factor. 


complex. This situation closely. resembles that found in the mouse, 
where acceptor genes have been demonstrated in the I-region of 
H-2 and are good candidates for the Ir genes of that species. We 
therefore propose as a working hypothesis that the acceptor sites 
detected on human lymphocytes by these methods are products of 
the Ir genes of man and that high and low absorptions are 
equivalent to high or low immune responsiveness. To support this 
proposition, we must test the responsiveness of each individual to 
the antigen in question. Culture conditions have recently been 
established for the development of antibody responses by human 
lymphocytes, in which human PBL are stimulated with antigen 
and mouse T cell factor in vitro'* 1°. Thus, the correlation of factor 
absorption with responsiveness can now be tested. 

The results described with HLA-recombinant families indicate 
the existence of at least two acceptor loci separable by crossing 
over. In the mouse, the acceptors are I-region products and carry 
the Ia antigenic determinants found predominantly on B lym- 
phocytes’ In man, at least two loci in HLA have been shown to 
code for Ia-like B cell alloantigens, one associated with or identical 
to the HLA-D locus while the other is associated with the HLA-A 

_locus’?. A similar.situation seems to exist in the Rhesus monkey2°, 
There are also two loci determining the antigens stimulating the 
mixed lymphocyte reaction, another property of Ia antigens, with 
similar mapping”’’?*. In addition, disease associations suggest 
that some Ir genes may be closely linked to the HLA-D locus?. 
Therefore, on the basis of the detection of lymphocyte acceptor 
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sites described here, we propose the existence of two Ir gene loci (or 
regions) in the HLA complex and suggest that one of these is likely 
to be associated with HLA-D and the other with HLA-A. Further 
mapping studies are in progress to test this model. The existence of 
two Ir gene regions in the HLA complex could provide the basis for 
a selective advantage of certain haplotypes and hence lead to the 
linkage disequilibrium which is a feature of the distribution of 
HLA alleles in the population. . l l 

These in vitro tests of absorption and response may make it 
possible to study in detail the human Ir genes, avoiding the 
problems of in vivo immunisations of human volunteers with 
specific antigens of scientific interest. Moreover, the use of antigens 
and corresponding T factors of direct medical interest, could lead 
to assessment. of predisposition to the HLA-associated diseases 
(for example, multiple sclerosis, gluten enteropathy), with a higher 
efficiency than by the present indirect Ir typing through the HLA 
(A BC D) markers. 

We thank Dr Edna Mozes (Weizmann Institute) for gifts of 
synthetic polypeptides. 
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Temporal and spectral variation of Cyg X-1 
AMONG galactic X-ray sources, Cyg X-1 is distinctive because 
of its marked variability. Its X-ray intensity curve exhibits 
apparently aperiodic variation of large amplitudes. It is 
tempting to suppose that this peculiarity of Cyg X-1 is related 
to the physical properties of the accretion disk formed around 
the black hole presumed to accompany the supergiant 
HDE226868 optically identified with Cyg X-1. We report here 
certain features of the subsecond variability concluded from a 
recent rocket observation. 

The rocket observation of Cyg X-1 was carried out, using 
a rocket launched from Kagoshima Space Center, for ~ 250s 
starting at 0502 UT 24 September, 1975 when the source was 
in the low-state. The total effective area of four Xe-CO, filled 
proportional counters was 680cm*. The counts in every 
0.625 ms time bin in three energy bands, nominally 1.5-5, 
5-10 and 10-25 keV, hereafter referred to as L, M and H band 
respectively were telemetered. The ‘counting-rate is corrected 


for the small jittering of the rocket attitude. 

The observed X-ray intensity profile is shown in Fig. 1 as 
a histogram of counts per time bin with a bin width of 0.32 s 
as an example. The intensity decreased by about 20% during 
the period of observation and in the first half period flare-like 
variations are more pronounced compared to the second half 
period. l 

The hardness ratio or spectral hardness averaged over ` 
1.28 s, defined as the ratio of counting-rates of the < 10 keV 
(L-++-M) and > 10 keV(H) bands, is also shown. It is clear that 
the spectral hardness also fluctuates in a complex manner 
with weak correlation to intensity variations, if there is any. 
The spectral variation ‘becomes even more pronounced for 
shorter integration times of the order of 0.1 s. Correlation 
among counting-rate profiles of three energy bands correspond- 
ing to the spectral variation was investigated. It should be 
noted that the H-component occasionally ` fluctuates with 
characteristic time scales of the order of 0.1-1 s in a different 
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Fig. 1 Intensity and spectra! time profiles corrected for aspect are shown from the acquisition of the source until the re-entry of the rocket 

into the atmosphere. Time resolutions for the intensity and spectral hardness ratio are 0.32 s and 1.28 s respectively. In the first half of the 

observation, the intensity is approximately 20% higher and the flare-like activity is stronger compared to the latter half. The time scale 
is shown in units of 0.32 s. a, 10-25 keV/1.5—-10 keV; b, §.5-25 keV. 


fashion from the L- and M-components resulting in the 
spectral variation. 

We define the variability coefficient, nN(f,), as the square 
root of the variance, V(t.) yg due to intrinsic variation of the 
source, normalised to the average intensity, X(f») cyg, where fs 
is a bin width; 


_ (Vs) eye)? 
ney X(ty) cys ” 
Statistical estimate of n(?,) is 
ia 1/2 
n(t,) CO (2) 


X(f) —Y(tp) 


where V(ft,) is the total variance, x(f,) is the average counts 
per bin and y(t) is the average background counts per bin; 
n), which decreases monotonically with the increase of ty, 
should exhibit a significant slope over a time range correspond- 
ing to the characteristic time scale involved in the variability. 
Figure 2 shows the variability coefficients as a function of the 
bin width for respective energy bands. The curves indicate the 
presence of a characteristic time scale from 0.1 to 1s for all 
bands and, in addition, a time scale < 10 ms for the H band. 
The O.I-[ s time scale is also prominent in the autocorrelation 
function produced for this observation. The autocorrelation 
function is similar to that for observations already reported?**. 
The presence of the ~ 10 ms characteristic time scale was also 
notified by Canizares and Oda. 

In addition to the general variability, Cyg X-1 occasionally 
exhibits sporadic flares or bursts more than twice the average 
intensity and of the time scale of 1 s or a fraction thereof. The 


sporadic flares from 0.1 to 1 s duration in general seem to have 
internal spectral strustures, average spectral hardness being 
similar to the overall hardness: spectral softening in the flare ts 
Suggested. 

It was demonstrated by Terrell® that the intensity time 
profile and the autocorrelation function of Cyg X-1 may be 
reproduced by the superposition of a number of random 
pulses of basically constant size and decay time in analogy 
to the shot-noise. The idea is that the variability is caused by 
the statistical fluctuation of the rate of underlying unit shot. 
If we take the shot-noise model with impulsive shots of the 
decay time 1/2 with the average shot rate à s"', the 1 against 
fa curve approaches a constant f/(At)!/? for t < tẹ and tends 


Fig. 2 The variability coefficients against integration time for three 

energy bands are shown. A characteristic time scale of the order 

of a second or less is indicated. A < 10 ms time scale is noted 

for the H-band. @, h (1.5-5 keV); A, M (5-10 keV); XH(10-25 
_ keV). 
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to decrease asymptotically as f/(Ar,)' for t < tẹ where f is 
the fraction of the shot-noise component. Thus, from Fig. 2 
we estimate t/2 as 0.3 s and A as 20s71, if f = 1,for the average 
intensity of the source at the low-state. In Fig. 2 the variance 
over the time range of 0.1-1 s is shown to be smaller for higher 
energies (H band) suggesting that à is larger or f is smaller 
compared to the low energy band. 

There are several features of the variability which have to 
be carefully investigated to see whether they resemble a simple 
shot-noise model with shot pulses of a constant decay time 
and size. First, the spectral variation shown by the time profile 
of the hardness ratio in Fig. 1 cannot be created by a single 
kind of the shot unless we assume an involved spectral and 
temporal internal structure of the shot. Second, to explain 
the difference of n for different energy bands instead of a 
single kind of shots we have to introduce an artificial ensemble 
of shots with the variety of spectral hardness: hard shots 
should be more abundant and smaller in amplitude to reconcile 
the above: results, if f= 1 as generally assumed, and T'is 
constant. If we assume f < | as suggested by Sutherland et al", 
the shot-noise model based on the constant shot can be used. 
If this were the case smaller f has to be assigned for higher 
energies, and a harder spectrum for the steady component 
compared to the shot-noise component and a negative correla- 
tion between the intensity and the hardness ratio are expected: 
the negative correlation, however, is not clear from this data. 
Third, the prominent flares can not be accounted for using 
the shot-noise model. In this experiment the estimated shot 
rate is about 20s", if f = 1, and the model predicts a rapidly 
decreasing number of the flares with increasing amplitudes. 
In contrast, the number of the large flares observed is much 
more than predicted at least for the case of f = 1. For the case of 
f<i, more complex arguments are necessary concerning the 
shapes of the large flares and the shots. On one occasion in 
October 1976 large flares were observed which could not be 
accounted for by the superposition of the shots regardless of 
assumed value of f (ref. 5). 

While the shot-noise model is convenient to express the 
variability features in terms of the parameters and is also an 
attractive model providing physical implications as for the 
turbulent nature of the accretion disk, further studies seem 
necessary before the basic concept of the shot-noise model 
is firmly established. 

Figure 2 indicates the presence of an additional characteristic 
time scale of < 10 ms for the.H component. This is interpreted 
in terms of the existence of significant pulses of this time scale 
which will be discussed elsewhere. 
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Temperature measurement of 
interplanetary-interstellar hydrogen 


PHOTOMETRIC observations can be used to measure the velocity 
of the Solar System through an ‘interstellar medium and also 
provide an accurate method of measuring the temperature of 
that medium, provided that a very narrow filter is used in order 
to determine the emission linewidth. We present here the results 
obtained using a hydrogen absorption cell in conjunction with a 
Lyman-a photometer contained in the Soviet scientific space- 
craft Prognoz-5 which was launched in November 1976. We use 
only the La results to measure the temperature of the inter- 
planetary—interstellar hydrogen. The high result we obtained in- 
dicates that the Solar System may be moving through an inter- 
cloud medium heated by cosmic- or soft X-rays. 

The motion of the Solar System relative to the nearby stars is 
characterised by a velocity vector V of 20 kms~! in the Apex 
direction, a = 271° and 8 = 30°. In this motion, the Solar 
System is swept by neutral matter of the local interstellar 
medium. In particular, the flow of interstellar hydrogen atoms 
was first observed!:? through resonance scattering of solar La 
photons (121.6 nm). Helium atoms were also later observed? 
(at 58.4 nm). These observations confirmed the prediction that 
hydrogen and helium atoms can penetrate deeply into the solar 
system, because the heliosphere boundary is presumably quite 
transparent to neutral matter. From the photometric observa- 
tions at 121.6 and 58.4 nm, it was found that the Solar System 
motion through the interstellar medium is characterised by a 
vector V,,, pointing to a direction a = 252°, § = — 15°, differ- 
ing from the Apex direction by = 50°. The density’ of hydrogen 
was measured in the range 0.08-0.12 atom per cm® while for 
helium? it was found to be in the range 0.009-0.024 atom per 
cm®. An estimate of the temperature can also be derived from 
photometric observation but with considerable uncertainty: 
10-15 x 10° K from La photometric observations*=5, 2.5 x 10%- 
{07 K from helium observations®. 

A much more accurate method to determine the temperature 
is to measure the line width of solar La scattered by hydrogen 
atoms. One attempt was made with the heip of Copernicus high 
resolution spectrometer®, with a result lying in the range of 
5-20 x 103 K, rather wide because of the poor photometric 
sensitivity. Another measurement was obtained’ from a 
hydrogen absorption cell placed on board the Soviet probe 
Mars 7. Though the temperature range was narrowed to 6-13 x 
10° K, it was still rather large, because of poor knowledge of the 
direction of sight. The favoured value was 12 x 10°? K. 

Results obtained recently with the same technique (a hydrogen 
absorption cell associated with a La photometer) yielded 
a much more accurate measurement of 8.841 x 10° K for the 
temperature of the nearby interstellar medium. The scientific 
Soviet spacecraft Prognoz 5 was launched on 25 November, 
1976 on a very eccentric orbit, with an apogee distance to the 
centre of the Earth of 203 x 103km, and a’‘period of nearly 4d. 
The spin axis of the spacecraft was pointed toward the sun, and 
the spin rate was 3° per s. One of the instruments placed on 
board was a four channel ultraviolet photometer for the study 
of hydrogen and helium in the interplanetary medium and in 
the exosphere, through the observation of resonance scattering 
of solar light at 121.6 nm (H, La), 58.4 nm (He), and 30.4 nm 
(He). The La channel looked at 90° from the spin axis, with 
a field of view of 1.1 x 2.7° and a l-s integration time of photon 
pulses. An absorption cell was placed in front of the photo- 
multiplier. 

The apogee of the spacecraft as observed from Earth was 
nearly in the direction of the North Ecliptic Pole (Fig. 1). The 
La intensity, recorded around the apogee and measured in the 
plane of rotation of the spacecraft as a function of roll angle ọ, 
is shown on Fig. 2. The Earth and its hydrogen geocorona is 
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Fig. 1 Configuration of orbit of 
Prognoz-5 and its spin axis in an 
ecliptic coordinates system. On 1 
December 1976, the Earth was nearly 
opposite to the direction of Vw, the 
velocity of the sun relative to the 
nearby interstellar medium. 


clearly seen from ọ =0° to ọ = 170°, whereas the inter- 
planetary La emission is observed from @ = 170° to ọ = 360°, 
free of any geocoronal contamination. 

The absorption cell can be electrically activated, with an 
optical thickness t = 8 and a temperature 7, = 300 K. Thus all 
of the emission within +1.4x 10~? nm of the La wavelength 
Ao = 121.566 nm is blocked, and the measured intensity is 
decreased by a factor R, the reduction factor. The absorption of 
the hydrogen cell is large on the geocorona (R is small) because 
the geocoronal linewidth is small, whereas the absorption is 
small (R is large) on the interplanetary background. 

For a pure gaussian emission profile, the reduction factor is 
only a function of the temperature of emission, T and of the 
Doppler shift velocity Vp between the instrument and the 
emitting medium. This function can be accurately computed’ 
when the hydrogen cell parameters, t and T, are known. At 
apogee, the spacecraft velocity with respect to the Earth is 
negligible, whereas the Earth’s velocity Vr on its orbit around 
the Sun is 30 km s~ (Fig. 1); therefore there is a strong modu- 
lation of Doppler shift Vp as a function of direction of sight, 
defined by the roll angle ọ, the origin of which lies in the 
ecliptic plane (Fig. 2). We interpret the strong dip of R around 
Pp = 260° as a consequence of this modulation. 

The observations were made on 1 December 1976, when the 
spacecraft was practically ‘downwind’ ; therefore the modulation 
of Doppler shift is essentially caused by Vr and not by Vy 
whose projection on observation plane should be small. We 
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Fig 2 The La intensities are plotted as a function of roll angle, 

with and without the hydrogen-cell activated. x , Cell off; O, cellon. 

The ecliptic plane lies at p = 0 and ọ = 180°. The most intense 

part of the geocorona is not shown. The interplanetary back- 

ground is clearly seen from @ = 180 to = 360°, opposite to the 

geocorona. The absorption cell is most efficient at Q@p ~ 260°, 
where the Doppler shift is zero. 
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assume that the velocity distribution of hydrogen atoms is not 
perturbed by the sun; therefore at each point of the solar 
system the emission profile is a pure Doppler profile character- 
ised by T. The motion of the spacecraft through the inter- 
planetary matter is Ve = Vr + Vw. When the direction of 
sight is perpendicular to V,1, the Doppler shift is zero and the 
temperature, T, is directly derived from the measured value of 
R. This should occur twice along the great circle of observation, 
and at these points, R should be minimum. One point is 
identified at the angle @p = 260° where the minimum value 
Rain is Measured, the other is somewhat occulted by the 
geocorona. In Fig. 3 all the measurements of R recorded for 2 d 
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Fig. 3 All the measurements of the reduction factor, R, collected 

during two days are plotted as a function of g-®p. A minimum 

value of R = 0.68 + 0.01 is deduced from this graph, yielding 

the temperature of the nearby ae medium, T = 8,800 
+1, ; 


in the region around @p = 260° were plotted, yielding a 
measured value of Rmin = 0.68-+0.01 from which is derived 
directly the temperature T = 8.8+1x10° K (taking into 
account an uncertainty of 10% on t). This determination, 
though in the range 6-13 x 10° K found with the same technique 
with Mars 7 is somewhat lower than the favoured value 12 x 10° 
K. But the photometric quality of the present experiment is so 
much better that we favour this value of T= 8.8+1x10? K. 

Such a high temperature of the nearby interstellar medium, 
associated with the low density of ~0.1 atom per cm?, strongly 
suggest that the Solar System is moving through the so-called 


158 ° 


‘intercloud medium’ (ICM) and confirm the validity of a hot 
ICM (ref. 8), .heated by low-energy cosmic rays or by soft 
X rays™!, 
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Absence of detectable X rays from 
supercluster candidate 4U0134—11 


A CORRELATION between a small subset of high galactic 
latitude X-ray sources and superclusters of galaxies has been 
Suggested’. The existence of superclusters (that is, clusters 
of clusters of galaxies) was first discussed in the context of 
optical observations™’. A hot intrasupercluster gas could 
lead to detectable X-ray emission as well as provide a large 
fraction of the mass necessary to close the universe’. The 
Goddard „Space Flight Center Cosmic X-ray Spectroscopy 
experiment onboard Orbiting Solar Observatory 8 (OSO 8) 
scanned directly over the position of 4U0134—11, one of the 
three 4U sources associated with a supercluster. We did not 
observe X rays from this source with an upper limit to the 
source strength a factor of 6 below the catalogued Fourth 
Uhuru (4U) strength. 

Figure 1 represents the path of the OSO8 spin axis 
through the region of 4U0134—11. The observation was per- 
formed between 7 and 13 July 1976. Catalogued X-ray 
sources in this region and their error boxes are shown. The 
detector is a xenon-filled proportional counter, efficient from 


Fig. 1 The OSO 8 spin axis scan path during the observation of 

4U0134—11. The known X-ray sources and their error boxes 

are shown. Portions of the scan path used to determine the 
background rate extend out of the picture. 
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Fig. 2 Models of the X-ray intensity during the scan path 
superimposed on the data. Reduced y? are a, point source 5.1; b; 
diffuse source, . 4.2; c, no source, 1.3. 


2 to 60 keV, with an effective area of 237 cm? (ref. 5). It is 
pointed along the spin axis and has a 5° FWHM field of 
view. The background rate was deduced from the rates at 
source-free adjacent regions. l 

The counting rates along the scan path were best fit by a 
model with a constant X-ray background and no sources. 
The data (and typical error) are shown'in Fig. 2. The three 
histograms superimposed’ on the data are: (1) a model with 
4U0134—11 as a point source at 2.1 Uhuru counts, the 
lower statistical limit of its 4U strength: (2) a model with 
4U0134—11 as a 2° in radius diffuse source with the same 
strength; and (3) a model without sources. For each model 
the deduced X-ray background’ is added to the count rate 
and to obtain an upper limit for the strength of 4U0134—11, 
the strength of 4U0134—09 is set equal to zero. The reduced 
x’ for the models are 5.1, 4.2, and 1.3 respectively. These 
results are not sensitive to the absolute level of the. back- 
ground. That is, the no-source model is always by far the 
best fit. We obtain an upper limit at 99% confidence of 0.4 
Uhuru counts for an extended (2° in radius) source at the 
position of 4U0134—11 (4U value=2.7+0.6 counts). 
Because of our large field of view and the motion of our 
spin axis directly over the source positions, we are not sen- 
sitive to positional changes of the sources within their 4U 
error boxes. Our upper limit at 99% confidence for the 
sum of the intensities of 4U0129—09 and 4U0134—1]1 is 
also 0.4 Uhuru counts. 

The X-ray spectrum associated with the supercluster can- 
didates is consistent with a thermal bremsstrahlung spectrum 
with temperature of more than 10° K (ref. 6). Therefore, 
the fact that the Uhuru detectors’ are efficient to slightly 
lower X-ray energies than this OSO 8 detector (1.7 keV 
rather than 2 keV) does not affect our relative sensitivity to 
this hard spectrum. 

Three high galactic latitude X-ray sources have been 
identified with superclusters*’®. Our observations indicate 
that one of these, 4U0134—11, is either variable or spurious. 
Other observations® with this detector indicate that it can 
detect X-ray sources with strengths less than the nominal 
4U strength for this object and determine their spectra with 
comparable observing time. Variability of the X rays from 
4U00134—11 on a time scale of ~ years, implying a source 
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diameter of ~ 1 pc, would rule out a supercluster identifi- 
cation. We have not yet performed observations of the 
other 4U supercluster candidates. ; 
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Is the Sun a pulsar? 


WHILE investigating intensity variations of spectrum-lines of 
solar origin, periods which seem to describe the Sun’s oscillation 
have been found. The observed period of 2.65 h is very close 
to 2.78 h, the predicted radial mode fundamental oscillation of 
the homogeneous model of the Sun. Thus some observations 
of the solar disk seem to confirm the existence of a radial mode 
pulsation, while others give no significant indication of such a 
period. External effects may not, however, have been filtered 
satisfactorily in all cases. Thus we tried to find an effect of 
magnetospheric origin that can be related in some way to the 
described observations. We report here observations of 
pulsations with period of 2 h 40 min. 

Fluctuations of solar origin having a stable period have been 
noted independently by various observatories'?. From their 
measurements a characteristic period of 2 h 40 min can be 
assigned to fluctuations of the central parts of the solar disk. 
It was established that this event is independent of local time 
and shows no correlation to the starting time of observation. 
It is thought that the phenomenon is not due to the apparatus, 
but originates from the Sun. The observed oscillations can be 
interpreted as the Sun’s pulsations, or perhaps alien effects 
originating perhaps from the magnetosphere and atmosphere. 

The magnetosphere of the Earth can be regarded as a very 


‘sensitive measuring probe in the solar wind, which senses every 


perturbation of solar origin. Thus we investigated variations 
of the Earth’s magnetic field from the viewpoint of effects 
caused by pulsations of solar origin. There are several magnetic 
recording systems in the Tihany Observatory?+. We used their 
data to select several periods to investigate pulsations within 
the range of periods indicated above. 

Magnetically quiet cycles were not considered due to the 
relative height of local noise level. Records of great magnetic 
storms were useless as the variations are of large amplitudes and 
suppress other effects. Hence, we investigated magnetically 
active days with magnetic variations between 50 and 100 nT. 

Diurnal sections from.the data arrays of such days were 
individually analysed. This allowed us to eliminate phase 
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Fig. 1 Amplitude spectrum of the variations of the geomagnetic 
field for 10 November 1975 in the range of periods from 
20 to 200 min. 


springs which affected the analysis. Thus an amplitude spectrum 
characteristic of the diurnal part of the selected magnetically 
active days was obtained as shown in Fig. 1. An amplitude 
peak is seen to rise by a maximum of several nT out of the 
average noise level in the environment of the period 2 h 40 min. 
Most of the investigated days gave a similar result. In Fig. 2 is 
shown the mean spectrum for 9-11 November 1975. On several 
occasions no significant rising amplitude peak was found on the 
noise level background. 

These results can be interpreted as follows. We assume that 
the period of 2 h 40 min is of solar origin, during magnetically 
active cycles the magnetosphere of the Earth and the magnetic 
lines of force of the interplanetary field intertwine. 

Such a connection means that magnetic field varia- 
tions originating from the Sun’s pulsation, which in the 
interplanetary space reaches as far as the magnetosphere, 
perturbe the geomagnetic field. This can be observed on 
magnetic records in the observatories. Since the oscillation 
observed on the Sun’s surface corresponds to magnetic varia- 
tions of Gaussian magnitude, variations of several nT (10-5 G) 
amplitudes are possible on the Earth’s surface. 

During magnetically quiet cycles the magnetosphere is closed, 
there is no merging, and so no pulsation of solar origin can be 
observed. During magnetic storms, however, the noise level 
rises to such an extent that, although the merging exists, no 
significant amplitude could be detected around the above 
period. , 

We do not know whether spectrum lines investigated by the 
astrophysical observatories are insensitive to magnetic effects 
in a way that they are not affected by disturbances of the 
magnetosphere. If this were possible, then the possibility of a 
pulsation of a so far unknown terrestrial magnetospheric origin 
cannot be excluded. Hence the observed spectrum lines may be 
influenced by such a pulsation, which may have seemed to be 
of solar origin. 

Thus, if the possibility that spectrum lines with 5,123.7 Å 
wavelength can be affected by geomagnetic field variations is 
excluded, then the magnetic variation witha period of 2h 40 min 


Fig. 2 Mean amplitude spectrum of the variations of the 
geomagnetic field for the cycle 9-11 November 1975. 
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originating from the magnetosphere presents an indirect proof 
of the Sun’s oscillations. Thus the Sun with nearly homogeneous 
distribution of density has a radial mode fundamenta] oscillation 
within the range of the above period. At the same time this 
phenomenon may prove that the interplanetary and terrestrial 
magnetic field merge. 

For a final conclusion to be reached, however, the observed 
spectrum line of solar origin must be examined for its sensitivity 
to variations of the geomagnetic field. If it is insensitive, the 
possibility of a magnetospheric effect can be excluded. 
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Short-term influence of anthropogenic 
sources on tropospheric baseline lead 


I 
2 
3 
4 





ESTIMATING tropospheric baseline lead requires relatively long 
collection periods using conventional high volume methods 
because the airborne concentrations are very low in comparison 
with levels found in urban areas. During such collections, 
anthropogenic sources of lead may be present for short periods 
leading to apparently high results, even at remote locations such 
as the mid-Pacific Ocean! and Antarctica?. Significant geo- 
graphical variations in soil-sized Pb particles were also related 
to anthropogenic sources affecting the distribution of lead in 
marine atmospheric particulates?*+. We describe here investiga- 
tions using furnace atomic absorption spectrometry (AAS) of 
the lead content in the atmosphere around Cape Grim, 
Tasmania. ' : 

High volume particulate collections give average results which 
do not account for atmospheric changes occurring over a few 
hours because of the collection times required. Limitations are 
also imposed by the sensitivity of the analytical technique for 
lead determination and the blank levels of filter media used. 
Furnace atomic absorption spectrometry (AAS) has been 
proposed as a suitable technique for the determination of back- 
ground atmospheric lead particulates*, using the graphite 
furnace atomiser as the particulate collection device and taking 
advantage of the extremely high sensitivity for lead and small air 
sample volumes required. We have used graphite cups in the 
dual role of collection device and furnace atomiser, using micro 
air-sampling techniques based on earlier work®-8 to follow 
atmospheric lead concentration over short periods of time, 7h 
(but 3-10 min in urban areas) using a consecutive series of 
individual samples. The graphite cups (RWI grade Ringsdorff 
Werke) gave the unique advantage of a filter with a zero blank 
for lead which can be transported to and from the sampling 
location without contamination?. 

The site for sampling was the Australian Baseline Atmospheric 
Pollution Station (Department of Science) at Cape Grim, North 
West Tasmania, located in the Southern Hemisphere as shown 
in Fig. la. The station is situated on the edge of a cliff, 90 m 
above the sea and receives western maritime winds which travel 
over the Southern Ocean at this latitude. But winds travelling 
around high pressure centres (counter-clockwise air flow in the 
Southern Hemisphere) and within 90° of north east may be 
_ subjected to anthropogenic lead sources from urban—industria] 
sources in Tasmania and the mainland of Australia (Fig. 1b). 

A series of 15 consecutive samples were taken over five days 
(Table 1 and Fig. 2). Other measurements taken on site, over the 
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same period, were a high volume sample (Table 1), meteorological 

data (Fig. 2) and a comparison of hygroscopic (sea-salt) particles 

and non-hygroscopic particles per unit volume (Table 2). 
Meteorological data for the period 14-16 May (Fig. 1) showed 


a steady easterly wind (low wind speed) proceeding towards Cape 


Grim from the urban-industrial centres along the northern 
coastal area of Tasmania. This apparently has a strong influence 
on the total particle concentration (Table 2). Between 16 and 17 
May the wind reversed direction (easterly to westerly). Sampling 
of lead particulates was started then. 

Samples 1-4 showed very high atmospheric lead concentra- 
tions which seemed to be anomolous at first examination. The 
reversal of the steady air mass, however, from the previous few 
days was associated with precipitation (rainfall) on 16 and 17 
May and caused the atmospheric lead concentrations to be as 
high as typical urban levels. The influence of ‘precipitation is also 
apparent from the particle data (Table 2). 

Following the cessation of precipitation (sample 4) and the 
displacement of all impure air, the westerly winds brought very 
clean maritime air to Cape Grim and the atmospheric lead 
concentration fell to very low levels (samples 5-12). The total 
particle concentrations (Table 2) from late on 17 May until the 
middle of 21 May were the lowest for the whole period. 

On 20 May a wind change to north—north westerly direction 
led to an increase in atmospheric lead concentration (samples 
13-15) but in this instance directly following the wind change, 
implicating the influence of anthropogenic sources. This was also 


Table 1 Atmospheric lead particulate concentrations at Cape Grim 


Sample Date Sampling period Sampling time Pb 
no, May 1976 (h) (min) (ug m~?) 
I - 17 _ 0758-1500 422 0.086 
2 17 1558-2258 420 0.109 
3 18 0000-0700 420 0.213 
4 18 0835-1535 . 420 0.043 
5: 18 1603-2300 417 0.0044 
6 19 0006-0710 424 0.0084 
7 19 0906-1605 419 0.0014 
8 19 _ 1653-2355 422 0.0033 
9 20 0017-0717 420 0.0032 
10 20 0922-1928 606 0.0037 
ll. 20-21 1945-0043 - 298 0.0011 
‘12 21 0107-0818 421 0.0009 
13 21 0907-1609 422 0.015 
14 21-22 1708-0013 423 0.019 
15 22 0016-0718 422 0.040 
Mean Samples 1-15 0.037 +0.059 ug m~? Pb 


Mean Samples 5-12 0.0033 £0.0024 Hg m~? Pb (base line) 


ees 

Analysis for Pb furnace AAS was performed using the Varian 
Techtron Model 63 CRA following addition of 2 ul 1,000 ug mI- 
H PO, to each cup and Pb standards in 20 % HNO, (double distilled). 
The Model 63 CRA workhead was mounted in a Model 1200 AAS 
which was set to the 217.0nm Pb resonance line and 1.0 nm slit. 
Non-atomic absorption was negligible. Detection limit for 10-1 air 
sample was 0.0036 pg m~? Pb and > 201 air was sampled for baseline 
conditions, identified from on-site meteorological equipment. Total 
volume of air passed through each cup with a Millipore Type XX60 
220 50 pump, was measured using an American Dry Type Test Meter 
(Model DTM 115) because flow-rates through individual cups were 
variable (range 0.028-0.31 | min-}), During preparation each sample 
and ‘blank cup was fired through the atomise cycle for Pb to check that 
contamination was at blank level before placing in Teflon adapters 
and glass containers® and transportation to sampling site. Dimensions 


of RWI grade graphite cups are as described for other cups8. 


High volume air sample (Kimoto HVA and Whatman GF/A glass- 
fibre filter) 0804 h 17 May-0717 h 22 May 0.0056+0.001 1 ug m~? Pb. 
Measurement of air flow-rate was made twice daily during the collec- 
tion period and used to calculate the volume of air sampled (9,692 m?). 
Whatman GF/A filter was divided into two and extracted with 10 ml 
20% HCI and 40 ml 40% HNO, (both high purity)’in a Soxhlet 
extractor for 3 h; Solution was taken to near-dryness and made up 
with 10% HNO, to 50 ml after filtering. Average of 4 filters, treated 
similarly, was taken for blank. Pb was determined with Pye-Unicam 
Model SP1950 AAS incorporating automatic background correction 
and gave a detection limit of 0.0008 ugm~* Pb (217.0nm Pb 
resonance line), in this case. 
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Fig. 1 Location of Cape Grim in relation to a, Southern Hemisphere and b, Urban and industrial centres of Tasmania and the mainland 
of Australia. 


associated with a dramatic increase in total particle concentra- 
tion (Table 2) compared with sea-salt particle concentration 
demonstrating the interaction of air from an urban origin with 
the background air and the importance of meteorological data 
in interpreting the atmospheric lead results. 

The efficiency of graphite as a filtration medium may be 
judged by comparing the mean for samples I-15 (0.037 ug m~? 
Pb) with the high volume sample result (0.0056 pg m~? Pb). 
Both figures include lead from anthropogenic and background 
origins and hence the high volume figure is not indicative of 
baseline atmospheric concentration. Glass-fibre filters as used 
in high volume samplers, are reported to be greater than 99% 
efficient for di-(2-ethylhexyl)phthalate particles (0.3 um in 
diameter) at a flow rate of 0.1 m! min ™ (ref. 10). Comparison of 
graphite with common filter media, including glass-fibre for 
urban atmospheric lead particulates, showed graphite to be a 
much more efficient filter material, presumably because it retains 
a larger proportion of sub-um lead-containing particles!. Studies 
of size distributions of airborne particles at various urban and 
non-urban locations are almost always multi-modal‘? and 
considerable proportions of particles can be in the size range 
0.05-1.0 um. The size distribution of the smaller particles 
(Table 2) (including lead) has a mode between 0.01-0.05 um 
diameter in polluted conditions and may be as great as 0.1 um 
or larger in clean conditions (E. K. Bigg, personal communica- 
tion). Sea-salt particles (Table 2), by comparison, have a modal 
diameter of about | um and rarely have diameters below 0.3 um. 
This information supports the theory that the glass-fibre filter 
collection (Table 1) was not retaining a large proportion of 
sub-um lead-containing particles. Particles of the order of 
0.1 um will have longer atmospheric residence times compared 


with those less than 0.01 um or greater than 10 um, which tend 
to agglomerate, be washed out, or become ‘fall-out’. 

The mean figure for samples 5-15 (0.0033 ug m~? and equiva- 
lent to 3.3 ng per SCM) describes the background atmospheric 
lead concentration at Cape Grim for the period sampled and 
compares in magnitude with data from the remote HASL 
Southern Hemisphere stations!® (Easter Island, Antarctica 
(Chilean stations), South Pole station) for the period 1966-1976. 





Table 2 Nature of air particles at Cape Grim (comparison of 
hygroscopic with non-hygroscopic particles) 





Date 8-h collection beginning at denoted hour 
0000 0600 1200 1800 
May 1976 (M/N)* (M/N) (M/N) (MIN) 
14 0.6/448 0.67/- 0.67/480 0.69/560 
15 0.66/— 0.60/576 -/- —/- 
16 2.9/432 3.1/- 3.2/- 3.6/272 
17 3.4/344 -/- —/- 4.7/144 
18 4.4/- 4.2/- 4.8/160 3.8/- 
19 3.6/154 ~/- -/- 3.6/164 
20 2.4/150 -/- —/256 1.8/- 
21 2.6/- 3.6/128 3.7/- 4.1/936 
22 -/- —/- -]- 3.4/126 


NN eee 

Lead particulates are associated with non-hygroscopic particles 
(difference of sea-salt and total particles) but particles from urban 
sources are very often mixed. Sea-salt particles form about 0.1% 
(numerically) of particles in polluted conditions and strictly non- 
hygroscopic particles; 0.1-10%%. Most non-sea-salt particles usually 
have a hygroscopic coating (E. K. Bigg, personal communication). 

*M is salt particles cm~? (hygroscopic) and N is total particles cm~? 
(electrostatic precipitator) as weighted running mean over at least 24 h. 
(E. K. Bigg, personal communication.) 
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Fig. 2 Diurnal variations of atmospheric particulate lead, wind 
speed and direction, temperature and precipitation at Cape Grim. 
a, Precipitation for whole hour; b, temperature for minutes 6-9 
of the hour; c, mean wind direction for minutes 3-6 of the hour; 
d, mean wind speed for minutes 0-3 of the hour; e, atmospheric 
particulate lead. (Data other than lead from E. K. Bigg.) 


The latter (mean monthly composite high volume samples) are 
higher in many cases because they represent ambient air lead 
concentrations with probable anthropogenic contributions 
rather than background alone. Comparison with other data 
from carefully selected sampling periods at the South Pole 
station’ (mean 0.63 ng per SCM, range <0,19-1.2 ng per 
SCM) shows the Cape Grim figure to be higher, A possible 
explanation for the higher Cape Grim atmospheric lead 
concentrations may be the higher collection efficiencies achieved 
thereby. | 

We thank the Tasmanian State Department of Environment 
for financial assistance, the Australian Department of Science 
for use of the Australian B.A.P.S. Cape Grim, assistance from 
Dr G. I. Pearman and other personnel at CSIRO Division of 
Atmospheric Physics, Dr E. K. Bigg, CSIRO Division of Cloud 
Physics for use of meteorological and particle data and helpful 
comments and Michael Power for help with the analyses. 
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Palaeoanisotropy in the upper mantle 


CARTER! has reviewed advances in understanding the steady- 
state flow of rocks with particular reference to the behaviour 
and anisotropic alignment of rocks in the upper mantle. Some 
form of high-temperature creep is clearly responsible for the 
distribution of continents and their first-order Structures?. The 
difficulty is specifying the exact mechanism and the possible 
anisotropic alignments. Appropriate upper mantle temperatures 
and pressures can be achieved in the laboratory, but any results 
must be extrapolated to rates of deformation lower by some 
five or six orders of magnitude. Carter ef a/.2 conclude, although 
there are conflicting views?, that the syntectonic recrystallisation 
suggested by Avé Lallemant and Carter® is the dominant 
deformational process. This will be most effective at the higher 
temperatures at the base of the lithosphere where crystals, 
orientated by the deformations, have their alignments fixed as 
the lithosphere cools. All the deformational processes suggested 
for the upper mantle are capable of Orientating crystalline 
structures, and aligned azimuthal-anisotrophy may be expected 
at any depth in the lithosphere. 

It is difficult to make accurate observationsof the upper mantle, 
but whenever the lithosphere has been examined in sufficient 
resolution it is found to be anisotropic. Occasionally upper 
mantle material can be examined in the laboratory. Peselnick 
et al.’ measure up to 7% velocity anisotropy in lherzolite 
xenoliths from the Sierra Nevada, which are estimated on 
compositional grounds to have originated at 50 km depth in 
the upper mantle. The only way in situ information can be 
obtained, however, is from seismic observations. Existing ob- 
servations of azimuthal anisotrophy in the upper mantle are of 
three types’ (1) P, velocity anisotropy, widely observed be- 
neath the oceanic crust, and now beneath the Rhinegraben$, 
could be the result of as little as 5 km of anisotropic material 
beneath the moho. (2) Velocity anisotropy of fundamental-mode 
surface-waves in the NAZCA Plate is attributed to anisotropy 
extending down possibly to the top of the low-velocity-zone at 
about 125 km depth. (3) Polarisation anomalies of second-mode 
surface-waves across Eurasia” indicate at least 10 km of aniso- 
tropic material. These seismic observations establish anisotropy 
in the top few kilometres of the lithosphere, but, except for 
type (2) observed in one area only, give no indication of the 
vertical range. 

There seem to be twò main possibilities for the configuration 
of anisotropic alignments throughout the lithosphere in any 
given region. In uniform alignment, there will be little variation 
with depth of the alignment in the lithosphere, regardless of the 
tectonic history, if ‘there is a deformation process which can 
modify the alignment, perhaps very slowly, to conform with the 
existing stress pattern over the past few million years. 

In layered alignment, the alignment of the lithosphere will 
vary with depth if the alignment at the lower higher-temperature 
lithospheric boundary is permanently fixed as the lithosphere 
cools. This will result in the lithosphere having layers with 
different alignments corresponding to stress or flow patterns at 
some epoch in the past when the physical conditions were 


Suitable for realignment to occur. 


If syntectonic recrystallisation):2:5 is the dominant alignment 
process and there is no subsequent deformation, the layered 
configuration will persist, and palaeoanisotropy in the upper 
mantle will be preserved over long periods of time. In regions 
of comparatively young lithosphere such as that beneath the 
oceans, where the forces acting on the lithosphere have been 
substantially the same throughout its history, the alignment 
will be uniform. Carter! finds that the plastic deformation 
processes of Hess!! and Francis?? give rise to similar fabrics as 
syntectonic recrystallisation, and remarks that the question of 
which process is dominant is now less important. But, the 
process which produces the existing alignments and its period of 
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activity, is still fundamental to the interpretation of the aniso- 
tropic configuration of the lithosphere. 

We see that to achieve a substantial realignment by any of the 
various processes in the given physical conditions, the relative 
time-constant determines which configuration exists. It is 
difficult to believe that any a priori arguments derived from 
surface experiments will clearly distinguish between configura- 
tions resulting from slow deformations in the upper mantle 
acting over hundreds of millions of years. Observations of the 
presence, absence, and variation of anisotropic alignments at 
different depths beneath oceans and continents may, therefore, 
be crucial in deciding the deformation processes and the tec- 
tonic history of the lithospheric upper mantle. 

Numerical calculations!*:!314 demonstrate that most seis- 
mological measurements are very little affected by even sub- 
stantial amounts of anisotropy. The only diagnostic difference, 
between propagation through anisotropic and propagation 
through isotropic structures, is the coupling in the presence of 
anisotropy between polarisations in the radial-vertical plane 
and the transverse-horizontal direction. This coupling provides 
a technique for investigating deep anisotropy: body waves 
passing through anisotropic structures generate polarisation 
anomalies at each interface, which may be interpreted in terms 
of depth, thickness, orientation, and degree of anisotropy’*™. 
These anomalies are likely to be subtle and difficult to observe 
but they provide probably the only means of examining the 
in situ palaeoanisotropy in the lower lithosphere. 

This work was supported by the Natural Environment 
Research Council. I thank Dave Bamford for helpful discussions, 
and Lou Peselnick for a preprint. 
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Giant haloes in mica 


Mucu attention has been given to the origin of ‘giant’ pleo- 
chroic haloes found in a number of minerals, especially micas! ~®. 
Normal pleochroic haloes are due to the effects of radiation 
damage from a-particles emitted from small inclusions at the 
centre of each halo, and the Jargest radius of the halo is 
determined by the range of the a-particle of highest energy, 
which is that from 2!2Po in the case of a thorium-rich inclusion 
These have'an initial energy of 8.78 MeV. The giant haloes 
seem to be of two kinds. In Gentry’s sample? ~40% have a 
discrete radius ~ 54 um and he reports them to be invariably as- 
sociated with dense thorium haloes. This group appears prop- 
erly to be associated with production by the well-known but rare 
(~1.3 x 1074) pair of long range a-particle groups from *'*Po 
at ~10.5 MeV. The remaining giant haloes have a monotonic 
distribution in radius extending up to 110 um; they have been 


interpreted in terms of diverse processes such as extinct 


radiations of higher energy, proton knock-ons by a-particles, 
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knock-ons from neutrons, channelling, migration of the parent 
radioactive material, but we report one natural and simple 
explanation which seems not to have been considered. 

The giant haloes (illustrated, for example, in ref. 4) are also 
outstanding in that there is a large inclusion. Such large 
inclusions in mica, which is well known for the readiness with 
which it may be cleaved, seem very likely to be surrounded by a 
cleavage crack lying in the natural cyrstallographic cleavage 
plane, and presumably filled principally with HO. The plane 
of the crack would pass close to the inclusion centre. Such a 
crack could well be initiated by changes in temperature or 
pressure at some stage during the life of the specimen, or 
possibly by swelling of the inclusion due to the high degree of 
radiation damage that it receives. If cracks radiating from the 
inclusion have propagated in planes approximately normal to 
the natural cleavage plane, as apparently happens in the 
haloes illustrated in ref. 3 and in Fig. 2 of ref. 4, then cracking 
parallel to the natural cleavage is extremely likely. 

It seems reasonable that the surrounding crack in ‘the 
cleavage plane could have an opening height, 4=0.1 um 
at the boundary of a large inclusion, and extend up to perhaps 
50 um outwards in the case of the largest inclusions. (Cracks 
with smaller openings, could possibly heal gradually, if a 
little plastic deformation of the mica can occur, and they are 
not kept open by intrusion of solid particles. With larger 
openings, stabilisation of the opening by inflow of debris 
becomes more likely. The clearly visible cracks normal to the 
cleavage plane (shown in refs 3, 4) must have / well exceeding 
our suggested lower limit.) 

Cracks such as we consider here would help extend the 
volume exposed to radiation damage in two ways: (1) by 
allowing a-particles entering or crossing the crack nearly 
parallel to the cleavage plane to travel a significant fraction 
of their range in H.O; and (2) by enhancing the capabilities of 
diffusion of the radon isotopes in radioactive equilibrium 
with the inclusion, some of which will be liberated following 
the recoil at their formation from their parent radium nucleus. 

To be effective in extending the range of the a-particles the 
crack has to possess sufficient height so that a-particle scattering 
in the water can be ignored. For this simplifying approximation 
to be adequate it is necessary that h> 5x 10~x%? where x is 
the path length in H,O and both # and x are measured in um. 
The range extension thus endowed to the a-particles is close to 
50% of the distance travelled in H,O since a-particle ranges 
in H,O are close to twice those in both biotite and muscovite 
micas. The proportion of a-particle tracks stopping in the 
crack plane that have a range extension appropriate to 
maximum passage through H,O will be of the order of A/2a, 
where a is the radius of the inclusion; this figure can, of course, 
be much larger than 1.3 x 10-4 which is the abundance of the 
naturally occurring 10.5 MeV long-range a-particles. 

With a half-life of ~ 52s, 2*°Rn liberated from a thorium-rich 
inclusion has sufficient time to diffuse over the full extension 
of the volume of the crack, taking a diffusion coefficient equal 
to ~ 10 cm?s ~, so that the polonium a-particles, in particular, 
should have an origin that is more extended than the volume of 
the inclusion. This is also true for the uranium-rich inclusions, 
where #22Rn has a half-life of 3.8 d. Such diffusion is very 
obvious in ‘thorium stars’ produced by radioactive impurities 
in nuclear emulsion. These are tracks of successive a-particles 
produced in the decay chain from single nuclei of ?*Ra and 
228Rqa which have an abundance of ~3 x 104 cm™? in normal 
nuclear emulsion, Brown and Fowler, in ref. 8. 

With each of these mechanisms the halo produced should not 
be spherical. It should have a radius of normal magnitude 
perpendicular to the cleavage plane. In the case of enhancement 
by a-particle propagation along the plane of the crack, the 
fully enhanced radius of the halo should be restricted to a band 
of thickness AZ ~A the crack opening, whereas if enlarged by 
radon diffusion the enhancement would spread over a thickness 
AZ of the order of the range of the subsequent polonium 
a-particles. Quantitative information about the form of the 
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halo in this third dimension would be most valuable in 
attempting to determine which mechanism is in fact important 
in the generation of these giant haoles. 
P. H. FOWLER 
A. R. LANG 
H. H. Wills Physics Laboratory, 
Tyndall Avenue, 
Bristol, UK 
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Mobility of pyroclastic flows 


THE mobility of pyroclastic flows has been described as spec- 
tacular', in particular because of their ability to surmount 
obstacles in their path. It is relatively easy to estimate the 
minimum velocities required to climb a given height, if frictional 
losses are ignored. We have used data on well documented 
largecold rock avalanches to estimate the magnitude of frictional 
losses, and used these estimates to calculate velocities for some 
large pyroclastic flows. We argue that frictional losses ‘in large 
pyroclastic flows must be-comparable with, or less than, those 
in the most mobile rock avalanches, and calculate from data 
on heights climbed that velocities of large pyroclastic flows may 
be very high, up to 140 ms~!. We also conclude that the height 
of the eruption column giving rise to a large pyroclastic flow 
need only be a few hundred metres in some cases. 

It is difficult to investigate the mobilities of large pyroclastic 
flows, such as those forming ignimbrites, since none has ever 
been observed in eruption. Only a few relatively small nuée 
ardente eruptions have been observed directly. Some of the 
largest ignimbrites have volumes of the order of 100 km?, 
extend for horizontal distances over 100 km (ref. 2), have 
climbed obstacles up to 600 m in height and have been estimated 
to travel at speeds up to 100 m s~? (ref. 3). oa 

The scanty previous literature on mobility of pyroclastic 
flows has been summarised by Sparks? and Miller and Smitht. 


Fig. 1 Horizontal distance travelled for well documented large 

rock avalanches and ignimbrites plotted against volume. 

C], rock avalanches; A, Central Andes ignimbrites; @, other 
ignimbrites. 
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We have obtained some further data from the Central Andes, 
where three ignimbrites are known which have climbed 
obstacles up to 350 m high?. The way in which pyroclastic 
flows surmount obstacles has been disputed. 


ignimbrites imply high flow densities?; that is, pyroclastic flows 
may behave in a similar way to large rock avalanches. 

For rock avalanches greater than about 1073 km, Hsti 
showed that mobility is related to the volume—the largest being 
the most mobile’. Hsii explained the unusual mobility of large 
rock avalanches in terms of fluidisation of fine debris by 
entrapped air; Shreve in contrast suggested that rock avalanches 


Recent , 
observations on the upward concentrations of pumice clasts in - 


travel on a cushion of trapped, compressed air®. Whatever the . 


mechanism, the efficiency of the process seems to increase with 
the size of the moving body. i 

Many ignimbrites have volumes comparable with or greater 
than the largest known rock avalanches, some having volumes 
in excess of 100 km? (ref. 6). The very high mobility of the 


pyroclastic flows giving rise to such deposits can be inferred 


from Fig. 1, where horizontal distance travelled is plotted 
against volume for pyroclastic flows and large rock avalanches. 
The large volume ignimbrites plot in a distinctly more mobile 
field than all but the largest of the rock avalanches. 

Although there are a few direct measurements on the 


velocities of small nuée ardentes—up to 60 m s~ (refs 7 and 8)— 


the velocities of the much larger volume pyroclastic flows can 
only be inferred from their climbing ability. Simple calculations, 
based on the conversion from potential to kinetic energy, can be 
done which relate the horizontal velocity to the height climbed. 
By this means, Sparks showed that a minimum velocity of the 
order of 100 m s~ is required for a pyroclastic flow to climb a 
600 m high obstacle®. Such calculations take no account of 
frictional losses. We have obtained crude estimates of these 
losses in pyroclastic flows by looking at data for much: better 
known rock avalanches. In the case of a body of rock travelling 
down one slope and up an Opposing one, an estimate of the 
overall percentage frictional loss (F) can be derived, from the 
interconversion of potential energy and kinetic energy, by 
including frictional loss in the appropriate formulae 


descent 
kinetic energy gained = potential energy lost 
100—F 
my? ate ae h 
mv ( 100 ) me 1 
ascent 


potential energy gained = kinetic energy lost 


mghy, 
where m = mass; v = velocity, F = percentage frictional loss, 
1 = height lost; A, = height gained 


from which 


Clearly, the calculated value of F will be increased if the flow 


travels a large horizontal distance between the two slopes, or: 


if the main direction of travel is oblique to the slope climbed. 
Relevant data for the best known rock avalanches are listed in 
Table 1. In the more mobile of these F is between 40 and 60 ye 
In Fig. 2 we have plotted the theoretical relationship between 
horizontal velocity and height climbed for values of F between 
0 and 60% (solid lines). . l 
Taking the data summarised in Fig. 1 into account, large 
pyroclastic flows are likely to have values of Ê comparable to, 
or even lower than, the most mobile rock avalanches, that is, in 
the range 30-40%. On this basis, the velocities required for the 
obstacle climbing ignimbrites plotted on Fig. 2 would be in the 
range 85 to 140 m s~. These values are realistic: the errors not 


hy 2 
hs o k 
F = 100 (:- (i) x : 


Ran, 


100— F f 
(5) bm? n 
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Table 1 Height data and values of F for documented large rock avalanches 


Name Volume Height descended Height climbed Remarks 
(m°) h,(m) ha(m) F(%) 

Elm4 1.1 x 10° 450-560 100 50-55 
Little Tahoma Peak® 1.1 x10? 1,250-1,890 40-90 75-85 Climbed oblique slope 
Sherman? 2.8 x 107 600 140 50 
Madison?! 2.9 x 10’ 400 120 45 
Frank" 3.7 X 10? 760-920 120 60-65 
Silver Reef’ 2.2 x 108 1,000 45 80 Travelled a long horizontal distance 
Blackhawk& 2.8 x 108 1,220 60 80 Travelled a long horizontal distance 


Saidmarreh™ 4.3 x 10° 1,520 


taken into account in our simple model would only increase the 
values of F, and therefore the velocities required. Such high 
velocities have two important implications. 

First, the emplacement of even a very large ignimbrite sheet 
could take place in a very short time, that is minutes rather than 
hours. This is particularly relevant in considering the 
mechanisms of transport of pyroclastic flows, and the origin of 
textures within them, such as the sorting of pumice fragments. 
Second, if values for F for pyroclastic flows giving rise to 
ignimbrites were around 30-40 %, indicating efficient lubrication 
of the flow by fluidised fine grained material, it is not necessary 
to invoke collapse from eruption columns of exceptional height 


Fig. 2 Theoretical relationship between horizontal velocity at 
base of climb and height climbed for values of F: a, F= 60%; 
b, F = 50%; c, F = 40%; d, F = 30%; e, F = 0%; using the 


2ghħ:\ $ 


expression V = 10 (Z) . Also plotted are estimated velocity . 
100F 


ranges for individual ignimbrites assuming values of F between 
30 and 40%: A, Aniakchak?; U, Ujina?; C, Carcote?: F, Fisher}; 
CI, Campanian? and Ito®. 


150 
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to account for the high speeds. For example, collapse from a 
comparatively modest column 400-500 m high would be 
sufficient to account for the mobility of the Ujina ignimbrite. 
In other cases, where the pyroclastic flow travelled a substantial 
distance horizontally before surmounting an obstacle, the 
frictional losses would have been greater, and therefore the 
mobility of the flow must have been achieved by collapse from 
an eruption column of comparatively great height. 
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TT SPOT ES ITT M RITE, 
Ratio of prey to 
predators in community food webs 
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WHETHER the diversity of resources limits the diversity of 
consumers, and specifically, whether the number of kinds 
of prey limits the number of kinds of predators, has been 
of continuing interest in theoretical ecology and wildlife 
management’ *. Food webs from the ecological literature 
were collected in machine readable form to study this ques- 
tion empirically. We report here that in community food 
webs, the ratio of the number of kinds of prey to the 
number of kinds of predators seems to be constant, near 3/4. 
This invariance has not been noticed in earlier studies of 
individual cases. 

Before analysis, food webs were characterised as one of 
three types—community, sink and source. Community food 
webs describe all kinds of organisms (possibly restricted to 
some location, size or taxa) in a habitat, without reference 
to the eating relations among them. Sink food webs describe 
all the prey taken by a set of one or more selected predators, 
plus all the prey taken by the prey of those predators, and 
so on. Source food webs describe all the predators on a set 
of one or more selected prey organisms, plus all the pre- 
dators on those predators, and so on. Sink and source food 
webs, hypothetical or schematic constructions, and avowedly 
incomplete, partial or tentative food webs were excluded 
from further study. Fourteen community food webs were 
thus selected. The complete data and individual cases will 
be discussed elsewhere‘. When the report of a food web 
contained ambiguous or uncertain information about a 
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feeding relation, the web was included in two versions, one 
based only on the unambiguous information and the other 
incorporating the additional uncertain or probable eating 
relations. The analysis presented here based on all versions, 
makes no claim that the data points are statistically inde- 
pendent and attaches no probability values to the statistics 
calculated. 

The food webs describe the diets or predators not of 
individual organisms. but of kinds of organisms. A ‘kind of 
organism’ may be a stage in the life cycle or a size class 
within a single species, or a collection of functionally or 
taxonomically related species, according to the practice of 
the original report. The numbers in the following analyses 
refer to these ecologically defined kinds of organisms, not 
necessarily to any conventional taxonomic unit. A predator 
is defined as a kind of organism that consumes at least 
one kind of organism. included in the food web. A prey is 
defined as a kind of organism that is consumed by at least 
one kind of organism in the food web. Some kinds of 
organisms may be both predators and prey. 

In community food webs, the number m of prey is very 
nearly proportional to the number n of predators (Fig. 1). 
A least squares regression of m against n gives 


m=1.79+0.71n (1) 


The sample standard deviation of the regression coefficient 
is 0.07 and the linear correlation coefficient between m and 
n is 0.90. The standard error of estimate, or sample standard 
deviation from regression, is 4.62. As is obvious from Fig. 1, 
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Fig. 1 The number of kinds of prey and the number of kinds of 
predators in community food web versions. 


the regression may be well approximated by a straight line 
through the origin. The least squares regression 1s 


m=0.77n (2) 


The proportionality between the number of prey and the 
number of predators in Fig. 1 is based on 24 versions of 
14 food webs reported over a period of decades. When the 
food webs were collected and encoded it was not known 
that such a simplicity would emerge. It therefore seems 
likely that this invariance in the proportions of predators 
and prey represents a fact about nature, rather than an 
artefact of collusion or convention. 

Given that the proportion of prey to predators is a scale- 
invariant feature of community food webs, the proportion 
can be predicted quantitatively from other facts. For a given 
food web with m prey and n predators, let A be the number 
of predator-prey couples. (If X eats Y and Y eats X, the 
couples (X,Y) and (Y,X) are counted as distinct. If X eats 
X, (X,X) also counts as a couple. In the conventional 
graphical representation of a food web, A is the number 
of directed arrows from prey to predator.) Then within any 
food web | 
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A=(average prey per predator) Xn 
=(average predators per prey) X m (3) 


The grand mean over all 24 community food web ver- 
sions, weighting each food web equally, of the average prey 
per predator is 2.418; the grand mean of the average pre- 
dators per prey is 3.199. If these means apply to each food 
web, then substitution into equation (3) predicts 


m/n=2.418/3.199=0.756 (4) 


which differs trivially from the least squares regression in 
equation (2). 

The simplicity of the argument from the proportionality 
between m and n to equation (4) may raise a Suspicion that 
its success depends on an arithmetical fact rather than on 
the observed invariance of proportions of predators and 
prey in nature. A numerical example disproves this sus- 
picion. Suppose a sample of community food webs consisted 
of two food webs. Suppose the first food web matrix had 
m=8 prey, m=6 predators, and A:=19.2 predator-prey 
couples (neglecting the requirement that A: be integer for 
the sake of argument). Then its (average predators per prey): 
is 2.4 and its (average prey per predator), is 3.2. Suppose 
the second food web matrix had m=4, n=10, and A2=16. 
Then its (average predators per prey)=4.0 and (average 
prey per predator),=1.6. Then the grand mean over both 
food webs of the average predators per prey is 3.2 and the 
grand mean of the average prey per predator is 2.4, which 
are close enough to the observed. But the straight line 
through the pairs (n, m) satisfies m=14—n. Only because 
nature assures a constant proportion of prey to predators 
do the grand mean of the average predators per prey and 
the grand mean of the average prey per predator apply to 
all food webs. 

If the ratio of prey to predators in community food webs 
is a constant of the order of 3/4, then dividing equation (3) 
by n leads to the prediction that a regression (Fig. 2) of 
average prey per predator against average predators per 
prey should be a straight line through the origin with slope 
3/4. The regression coefficient of a straight line through the 
origin is 0.69, not far from 3/4. 


+. 


Average no. of prey per predator 






0 2 4 ‘6 
. Average no. of predators per prey 


Fig. 2 The average number of kinds of prey per kind of predator 
and the average number of kinds of predators per kind of prey 


in community food web versions. 


In conclusion, in community food webs, the number of 
kinds of prey, as operationally defined by field ecologists, 
approximates 3/4 the number of kinds of predators. This 
results from the study only of an ensemble of food webs, 
rather than of individual cases. 
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Inhibition of drinking by 
intrahypothalamic 
administration of morphine 


MoRPHINE inhibits the release of acetylcholine (ACh) within 
both the peripheral!—* and central5— nervous systems. This 
would suggest that a major effect of acute morphine treatment 
should be inhibition of behaviour mediated by central cholin- 
ergic transmission, but few behavioural demonstrations of this 
antagonism exist. We report here that intrahypothalamic injec- 
tions of equimolar concentrations of morphine effectively 
antagonise the muscarinic-cholinergic drinking response!®—3 
elicited by injection of 4.0 nmol of carbachol into the hypo- 
thalamus. In addition, intracranial (i.c.) injections of morphine 
also blocked drinking elicited by several other dipsogenic 
stimuli, while not affecting eating. The results suggest that 
morphine not only inhibits the release of ACh but also may 
block the postsynaptic muscarinic receptor. This inhibitory 
effect of i.c. morphine may, furthermore, provide a simple 
behavioural screening test for central opiate activity. 

The effects of intrahypothalamic applications of morphine 
on water consumption were investigated in two experiments 
involving 44 adult male Sprague-Dawley rats. In each experi- 
ment, stainless steel cannulae (24 gauge) were stereotaxically 
implanted into the perifornical hypothalamus! (PFH) of 
anaesthetised (Nembutal, 40 mg per kg body weight intra- 
peritoneally) rats. Each subject was allowed at least one week to 
recover from surgery before testing was initiated. Drugs were 
administered i.c. as free bases in 1-111 volumes through a 31-gauge 
hypodermic needle directly connected to a 50-ul syringe. A 
repeating dispenser (Hamilton, PB600-1) was used to ensure 
reliability of injection volumes. Before any tests of morphine, 
stable baseline drinking to the dipsogenic stimuli was ensured 
across several days of testing. Ground rat chow and water 
intake were measured after l-h periods of both control and 
experimental treatment conditions. Tests of drug antagonism 
were conducted by administering an equimolar dose of the 
antagonist to the same brain area 5 min before the injection 
of the agonist. 

In the first experiment, 28 rats were randomly divided into 
three groups. Eating and drinking were assessed in each group 
after the control injection of saline and the subsequent applica- 
tion of carbachol (Fig. 1). As previously reported!2, carbachol 
elicited significantly more eating (F(1,25) = 15.35, P< 0.01) and 
drinking (F(1,25) = 67.72, P<0.01) than the control mani- 
pulation. 

On the following day, the antagonistic effect of morphine on 
carbachol-elicited drinking was investigated. The reversibility 
of morphine antagonism of drinking was also tested in another 
group by the i.c. injection of the narcotic antagonist, naloxone, 
5 min before the morphine treatment. Although there were no 
significant differences in food intake between the three groups 
(Table 1), there was a significant overall effect on water con- 
sumption (F(2,25) = 13.17, P<0.01). Post hoc ¢ tests indicated 
no difference in drinking between the saline pretreated carbachol 
(SSC) and naloxone-morphine pretreated carbachol (NMC) 
groups, while each of these groups differed from the saline— 
morphine pretreated carbachol (SMC) group (P<0.01). Thus, 
i.c. morphine blocked carbachol-elicited drinking, while not 
significantly affecting eating. Furthermore, this antagonism of 
drinking was reversed by pretreatment with naloxone. 

Since cholinergic influences have also been implicated in the 
mediation of deprivation-induced drinking!*, 18 of the above 
rats were deprived of food and water for 24h and tested for 
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Fig. 1 Mean food (a) and water (b) intake (+ s.e.m.) by rats 
during the I-h following the injection of carbachol (4.0 nmol) 
and the preceding control injection of I ul of normal saline 
(stippled area). This test was conducted after the rats had 
received three previous daily injections of carbachol and saline 
and represents the animals’ response during the fourth trial. 
Group designations refer to the morphine. test, which was 
conducted on the following day: S, saline; C, carbachol; N, 
naloxone; M, morphine. Numbers in parentheses are number of 
animals tested. 


morphine antagonism of drinking and eating. That i.c. morphine 
effectively antagonised drinking while not significantly affecting 
eating (Table 2) indicates that this adipsic effect is not due to 
nonspecific depression of behaviour. 

In the second experiment, 16 experimentally-naive rats were 
randomly assigned to two groups to assess the effect of i.c. 
morphine across several other paradigms of drinking. Since 
morphine has been reported to inhibit the uptake of carbachol 
into brain slices, carbachol was administered before morphine 
in the first test. Although carbachol was injected well before 
morphine and undoubtedly had been taken up by central 
neurones (as shown by a normal drinking latency of 5 min), 
drinking was still significantly reduced by the opiate (Table 3). 
The second test examined the effects of i.c. morphine treatment 
on drinking elicited by hypertonic saline!, Again i.c. morphine 
effectively obviated the drinking response to this dipsogenic 
challenge (Table 3). Pretreatment with equimolar doses of 
morphine also antagonised drinking elicited by the potent 
dipsogenic peptide, angiotensin I8 (Table 3). 

To provide additional control for nonspecific effects of 
morphine on consummatory behaviour, two additional tests 
were conducted. Since morphine seemed to depress eating some- 
what in previous experiments (Tables 1 and 2), the effects of 





Table 1 Effects of intrahypothalamic morphine and naloxone pre- 
treatments on carbachol-elicited eating and drinking 


Food intake Water intake 


Group N (g per h) P (g per h) P 
SSC 10 1.1+0.3 12.0+1.1 

0.01 
SMC 9 0.5+0,3 2141.5 

0.01 
NMC 9 0.6+0.2 9.1+1.7 


Mean food and water intake in grams (+s.e.m.) by rats during 
1h following the injection of carbachol (4.0 nmol). Group SSC 
received injections (l pl) of normal saline 10 and 5 min before 
carbachol, while groups SMC and NMC were injected with saline 
(1 ul) followed by morphine (4.0 nmol) or naloxone (4.0 nmol) 
followed by morphine (4.0 nmol), respectively, 10 and 5 min before 
carbachol. Although there were no overall differences in food intake, 
group SMC drank significantly less water than group SSC or group 
NMC. There was no significant difference in water intake between 
groups SSC and NMC. Statistical inferences were made using 
analysis variance techniques with post hoc comparisons made by 
t tests. NS, not significant. 
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Table 2 Effects of intrahypothalamic morphine treatment on eating 
and drinking elicited by 24h food and water deprivation 


Food intake Water intake 


Treatment N (g per h) . P (g per h) P 
Saline 9 5.0-+0.7 6.2+0.8 

0.01 
Morphine 9 3.4+0.8 1.2+0.4 


Following the test of morphine inhibition of carbachol-elicited 
eating and drinking (Table 1), 18 rats were deprived of food and 
water for 24h. The saline group received 1 ul of normal saline, 
while the morphine group was injected with 4.0 nmol of morphine 
5 min before being presented with food and water. Intake in 
grams (+s.e.m.), was assessed during the l-h period following the 
initial presentation of food and water. Although there was no 
difference between groups in food intake, morphine-treated animals 
drank significantly (7 test) less water than did those given saline. 

NS, not significant. 


i.c. morphine on eating and drinking elicited by 48-h food 
deprivation were investigated. It is well known that eating is 
reduced when drinking is severely inhibited. Therefore, the 
-purpose of this test was to maintain hydration at near normal 
values with drinking being elicited by increased thirst subse- 
quent to food consumption. As indicated in Table 3, there was 
no difference in food intake between the saline and morphine 
groups. Water intake, however, was still severely inhibited by 
the morphine treatment. To assess the effects of pretreatment 
with a non-addicting, non-analgesic stereoisomer, dextrophan 
was substituted for morphine in this final test. To control for 
the possibility of tolerance to the opiates, the groups were 
reversed with the dextrophan group never having been injected 
with opiates. In contrast to the previously-observed effects of 
morphine, i.c. dextrophan did not reduce either eating or 
drinking in these satiated rats (Table 3). 

These experiments demonstrate a potent inhibitory effect of 


Table 3 Effects of intrahypothalamic opiates on eating and’ drinking 
elicited by various dipsogenic stimuli 


Food intake Water intake 


Group N (g per h) P (g per h) P 
cs 8. 1.40.5 10.1 +0.2 
NS 0.01 
C-M 8 1.1+0.7 2.2+0.8 
S-HS 8 0.1 +0.1 11.4+1.5 
l NS 0.01 
M-HS 8 0.4+0.3 2.4+1.2 
S-A 8 0.5+0.3 19.8 +2.2 
NS 0.01 
M-A 8 0.6+0.3 7.2+1.8 
FD-S 8 6.1 +0.8 5.81.3 
NS 0.01 
FD-M 8 7.4+0.8 0.9+0.2 
S-—C 8 1.1+0.4 9.5+2.3 
NS NS 
D-C 8 1.6+-0.3 11.0+1.9 


Mean. food and water intake was measured in grams (+s.e.m.) 
during l-h periods following various dipsogenic stimuli. During the 
first test, intracranial (i.c.) injections of carbachol (C; 4.0 nmol) 
were administered 10 min before the i.c. injection (1 ul) of saline (S) 
or 4.0 nmol morphine (M) with the rats being presented with food 
and water 5 min after the last injection. Six days later, i.c.: M 
(4.0 nmol) or S (1 ul) was administered 5 min before the injection 
(2 mi; subcutaneously) by hypertonic (10%) saline (HS). After a 
3-d. latency, the antagonistic effects of i.c. M (4. 0 nmol) or S (1 ul) 
were assessed when administered 5 min before i.c. angiotensin II 
(A; 4.0 nmol). Six days later, the rats were food-deprived (FD) for 
48 h and presented with food and water 5 min after the injection 
(i.c.) of M (4.0 nmol) or S (1 ul). The last test, conducted 6 d later, 
assessed the effects of i.c. dextrophan (D; 4.0 nmol) and S (I ul) 
as pretreatments (5 min) on eating and drinking elicited by 4.0 nmol 
(i.c.) C. Statistical significance is based on ż tests. NS, not significant. 
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centrally-applied morphine across several paradigms of drink- 
ing. This effect was not due to nonspecific behavioural dis- 
ruption, since the rats were alert and ate amounts of food com- 
parable to the control groups. Furthermore, the antagonism of 
drinking seemed to be due to the narcotic properties of 
morphine, since it was reversed by pretreatment with naloxone. 
This hypothesis is strengthened by the lack of effect observed 
when the stereoisomer, dextrophan, was substituted for 
morphine. 

These inhibitory effects of morphine on drinking are similar 
to results previously reported following administration of 
atropine or scopolamine and may reflect antimuscarinic 
cholinergic activity. Although pretreatments with atropine have 
been reported to block drinking elicited by carbachol!!, hyper- 
tonic saline**, water deprivation?*, and schedule-induced poly- 
dipsia?’, atropine is apparently not nearly as potent as 
morphine in paradigms that do not involve exogenous cholin- 
ergic dipsogens. Furthermore, atropine has been reported to 
be ineffective against drinking elicited by angiotensin II‘, 
while pretreatment with morphine effectively blocked this 
behaviour. A possible difference between the central nervous 
system activity of morphine and atropine may be the effect of 
these drugs on the release of ACh. Thus morphine, which has 
been extensively reported to inhibit the release of ACh, may 
exert its antagonism of drinking through both the inhibition of 
release and postsynaptic muscarinic blockade. Thus, drinking 
in paradigms not involving exogenous cholinergic dipsogens, 
such as water deprivation, are not as readily antagonised by 
atropine. Conversely, morphine will readily inhibit the release 
of ACh and thus block the cholinergic components of depriva- 
tion-induced drinking. The reduction of drinking following i.c. 
angiotensin by morphine pretreatment may furthermore reflect 
a cholinergic component in the mediation of this behaviour?8. 

Antimuscarinic cholinergic effects of morphine have been 
suggested by several observations. The muscarinic cholinergic 
agonist, pilocarpine, stimulates transmission in the superior 
cervical ganglion of the cat!®, and this effect, furthermore, is 
blocked ‘by atropine as well as by morphine!®. The observation 
that muscarinic receptor blockers reduce symptoms of pre- 
cipitated morphine withdrawal? also suggests antimuscarinic 
actions of the drug. An additional indication of antimuscarinic 
activity of morphine is provided by the observation that 
tolerance to epileptiform electroencephalogram patterns follow- 
ing microinjections of morphine into the amygdala is accom- 
panied by cross tolerance to scopolamine”!. 

We are extending these investigations to other opiate and 
opioid drugs and investigating the effect of systemically- 
administered morphine on these various dipsogenic challenges. 
It is possible that these tests may lead to a simple behavioural 
test of central narcotic activity. 

WILLIAM T. CHANCE 
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EPR signals in chloroplasts 

responding to 


illumination sequence of four flashes 


THE use of water as the electron donor and the consequent 
evolution of oxygen is one of the most important properties of 
photosynthesis by higher plants and algae. The properties of 
the enzyme systems involved in water oxidation are essentially 
unknown, however. Two new electron paramagnetic resonance 
(EPR) signals observed at low temperature in oxygen evolving 
chloroplasts are described here. The signals disappear and 
appear in response to short flash illumination, before freezing, 
of the chloroplasts, presumably due to changes in oxidation 
state of the components giving rise to the signals. The changes 
occur in response to a cycle of four flashes; it is suggested that 
they may reflect the oxidation states of the oxygen evolving 
system of the chloroplasts. 

Manganese may be an important component of the oxygen 
evolving system!, but attempts to observe changes in the redox 
State of manganese associated with oxygen evolution have 
not been successful. Kinetic measurements?:? have shown that 
when chloroplasts are illuminated with short intense flashes of 
light, each of which causes only a single electron to be trans- 
ported by each photosynthetic reaction centre, oxygen is 
evolved with a periodicity of four flashes. These experiments 
Suggest that each water oxidising enzyme system accumulates 
four oxidising equivalents, one with each turnover of the 
photosystem IL reaction centre, before reacting with water. 
This observation may be formalised in the ‘S’ state hypothesis 
of Kok et al. 
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In kinetic experiments oxygen evolution normally shows a 
peak after the first three flashes, and then with a periodicity of 
four flashes, indicating that the distribution of the ‘S’ states is 
not random in the dark. S, and S, are thought to be most 
stable in the dark, with S, predominating in most experiments*. 
The light induced progression between the ‘S’ states represents 
a change in redox state of the proposed enzyme, each step 
involving a single electron oxidation. As this enzyme may be 
expected to contain a transition metal ion complex it seems 
likely that these changes could be detected by EPR spectro- 
metry. Several studies of chloroplast electron transport using 
EPR and flash illumination have been reported but none has 
identified signals corresponding to the ‘S’ states®. Both optical 
and nuclear magnetic resonance (NMR) spectrometry have 
been used in attempts to identify the ‘S’ state components. 
Pulles et al. and Mathis and Haveman’ have reported optical 
changes at 310 nm responding to flash illumination with a 
periodicity of four. The chemical nature of the component 
involved is unknown. Wydrzynski et a/.*® observed changes 
in the relaxation rate of water protons showing response to flash 
illumination with a periodicity of four using NMR spectro- 
metry: they presented evidence that their results are consistent 
with the participation of manganese in the flash-induced 
changes in the relaxation rate of water protons. 

We have used flash illumination at room temperature followed 
by rapid freezing to 90 K in an attempt to trap the ‘S’ states, and 
low temperature (4.2-30 K) EPR spectrometry to detect new 
EPR signals showing a response to flash number, which would 
be expected from the oxygen evolving enzyme system, or a 
chloroplast component reflecting the redox state of this system. 

Figure | shows the EPR spectra of a chloroplast preparation 
in the dark and after exposure to 0, 1, 2, 3, or 4, 20-us flashes 
from a 25-J xenon-arc lamp, the multiple flashes were spaced at 
200-ms intervals. The samples were frozen within 1 susingan iso- 
pentane bath at 90 K and stored at 77 K until the spectra were 
recorded. The spectra show a signal in the dark at g = 3.09. 
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Fig. 1 EPR spectra of broken spinach chloroplasts in the 
g = 3.0 region. Broken chloroplasts were prepared in a Mn-free 
medium containing [mM EDTA*%, The chloroplasts which 
exhibited an uncoupled rate of oxygen evolution of 306 pmol 
per mg chlorophyll per h were kept in the dark on ice for 0.5 h. 
The chlorophyll concentration was 1.55 mg ml~}. EPR spectra 
were recorded as described previously?”"18, The conditions for 
each spectrum were as follows. Frequency 9.189 GHz, power 
20 mW, modulation amplitude [mT, scan rate 100 mT min-—, 
gain 500, temperature 10 K. The samples were illuminated with 
a, 0; b, 1; c, 2; d, 3 and e, 4 eet spectra were recorded in 
the dark. 


After one flash there is essentially no signal in the g = 3.0 region. 
After a second flash a large signal appears centred at g = 2.79, 
The properties of this signal suggest that it arises from a 
different redox state to that giving rise to the dark signal. After 
the third flash there is again no signal while after the fourth 
flash, which in the ‘S’ scheme should regenerate the dark state, 
the original signal reappears at g = 3.07. This signal is, 
however, usually rather smaller than the initial dark signal. 

These signals might be considered to correspond to the S, 
Sə S; and S, states of Kok’s model. S, would not be seen as it 
reacts rapidly with water’. The rate of this reaction might, 
however, control the extent of regeneration of S, by the fourth 
flash. Some decay of each stage will also occur between flashes, 
this and other problems well documented for the kinetic 
experiments will rapidly result in a loss of periodicity and the 
ability to detect the signals. 

As described above, the response of these signals to flash 
illumination strongly suggests that they reflect the oxidation 
state'of the water oxidising enzyme system. The EPR properties 
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of these signals are extremely unusual, however, making it 
experimentally very difficult to investigate the role of the com- 
ponents giving rise to them, or to attribute them to a specific 
chloroplast component. In all preparations in which we have 
observed these signals they show strong orientation effects, 
similar to those observed in EPR studies of single crystals’®. 
Fig. 2 shows the effect of rotating a dark sample (a in Fig. 1) in 
the EPR cavity. If the sample is oriented to give maximal signal 
size (0°) and then rotated the signal disappears (40°) and then 
reappears (180°). At intermediate positions the signal size, line- 
width and g value differ. Figure 2c (50°) shows this effect. We 
have found that in order to be sure that a sample does or does 
not have a signal the spectrum must be recorded every 10° 
through 180°, 18 spectra per sample. The spectra in Fig. 1 show 
the maximum signal size for 0, 1, 2, 3 and 4 flashes from a set of 
18 spectra for each sample. The apparent g value also changes 
with orientation as is observed in a single crystal. The g value 
and linewidth of the dark signal is also temperature dependent. 
Figure 3 shows the temperature dependence of the dark signal. 
The signal! has a higher g value at lower temperatures with g = 
3.38 at 3.8 K, g = 3.27 at 11.7 K and g = 3.14 at 19.8 K. The 
linewidth also changes with temperature becoming narrower at 
lower temperatures being 70 G at 3.8K, 120G at 11.7K and 
170 G at 19.8 K with the sample orientation used in Fig. 3. The 
temperature dependence of the g value of the dark signal 
suggests that the signal arises from a ferromagnetic complex. 
Ferromagnetism is most commonly observed with iron; how- 
ever, several other transition metals, but not apparently 
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Fig. 2 Effect of sample position on the dark EPR signal in 

broken spinach chloroplasts. Sample and conditions as for 

Fig. la. The relative orientations of the samples were a, 0°: b, 
180°; c, 50° and d, 40°. 
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Fig. 3 Effect of temperature on the dark EPR signal in broken 
spinach chloroplasts. Conditions and samples as in Fig. la 
except that the temperatures were a, 19.8K; b, 11.7K; c, 3.8K. 


manganese, can show this property!’. Ferromagnetism is a co- 
operative effect seen only when two or more atoms are in close 
proximity. Oriented ferromagnetic EPR signals have been 
reported from nerve tissue and nucleic acid preparations’”**®. 
These signals were observed at room temperature, however, 
unlike the signals reported here which could not be observed 
above 40 K. We have not observed any temperature dependence 
of the g value of the signal seen after two flashes, indicating that 
the’redox state giving rise to this signal is not ferromagnetic and 
is therefore different from the state giving rise to the dark signal. 

Although the properties of these signals are unusual, the 
results presented here have been obtained consistently mainly 
in spinach chloroplasts but also in lettuce and pea chloroplasts. 
They are not seen in chloroplasts which have been washed with 
Tris, (0.8 M Tris-HCl pH 8.0 for 10 min at 2°, the thylakoids 
were then centrifuged and resuspended in the original medium), 
a procedure which inactivates the water oxidation system”, or in 
photosystem 1 particles prepared with the anionic detergent 
Triton X-100. The association of these signals with chloroplasts 
and -their absence from photosystem 1 particles, together with 
the observation that they are lost when the oxygen evolving 
system is destroyed, suggest that the signals are associated with 
photosystem II. EPR signals responding to single turnover 
flash illumination might be associated with either the electron 
donor or acceptor sides of photosystem II. But signals associ- 
ated with the acceptor would be expected to show a binary, two 
flash, response cycle, as the acceptor is thought to be a quinone 
which would be fully reduced in two steps. Signals associated 
with the water-oxidising system would be expected to show a 
four-flash response cycle. The signals reported here apparently 
show a four flash cycle as two states with different signals and 
two states without signals are-observed. These changes would 
correspond to a model of the oxygen-evolving complex in which 
the electrons are removed sequentially from a single complex. 
They would not fit models in which electrons are removed from 
isolated centres each of which undergoes the same redox: 
reaction. 

We conclude that these signals probably reflect the oxidation 
state of the water oxidising enzyme system; future experiments 
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should lead to the identification of the component giving rise to 
these signals and the properties of this component which lead to 
orientation of the signal. 
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Effects of foetal haemoglobin 
on susceptibility of red cells 
to Plasmodium falciparum 


HIGH gene frequencies for the sickling disorders and £8 
thalassaemia may be due to the relative protection against 
Plasmodium falciparum malaria which has been afforded to 
heterozygous carriers'. In sickling disorders the properties 
of the abnormal haemoglobin may be responsible for this 
phenomenon’*™ but the red cells of adult 8 thalassaemia 
heterozygotes contain reduced amounts of normal haemo- 
globin’ and are indistinguishable from normal red cells with 
respect to the rates of invasion and growth of P. falciparum 
(G.P., D.J.W. and R.J.M., in preparation). Hence it is not 
clear how the 8 thalassaemia polymorphism has been 
maintained. There is a possible explanation, however. At 
birth red cells contain mainly foetal haemoglobin (Hb F); 
adult haemoglobin (Hb A) replaces Hb F during the first 
year of life. The rate of decline of Hb F production during 
this period is retarded in infants heterozygous for £ 
thalassaemia as compared with normal infants". If the 
presence of Hb F were to protect red cells against P. 
falciparum, P thalassaemia carriers aged 6-18 months might 
be at an advantage when passive immunity to P, falciparum 
is waning but active immunity is not fully established and 
mortality from malaria is high’. To test this hypothesis we 
have compared the rates of invasion and growth of P. 
falciparum in red cells containing Hb A with those con- 
taining Hb F using a modification of the in vitro culture 
system*7"”, 

Samples of 5 ml of blood containing synchronous late ring 
Stages of P. falciparum were collected into heparin (10 IU 
ml™') and layered onto a 6 X 2cm column of Whatman 
CF11 cellulose in phosphate-buffered saline (PBS). The 
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leukocyte-depleted red cells were washed through the 
column into 2-1 Ehrlenmeyer flasks with 100ml supple- 
mented medium 199", The flasks were gassed with 5% CO 
95% air and incubated at 37° C with gentle shaking. After 
about 24h, when the parasites had grown to the schizont 
Stage, the red cells were recovered by centrifugation and 
reconstituted to the original 5ml volume with medium 
199, Plasmagel 2.5 ml (3% w/v gelatin; Bellon) was added 
and the cells were allowed to sediment for 15 min at 37°C 
to concentrate the schizont-infected cells in the upper layer, 
The latter were then suspended in a mixture of 3 parts 
supplemented medium 199 and 1! part non-immune AB 
serum. The uninfected red cells which were to be examined 
for the rate of parasite invasion and growth were collected 
into heparin, washed three times in PBS, the buffy coat 
removed and added to.an appropriate volume of the para- 
sitised red cell suspension so that the final concentration 
was approximately 80 x 10° cells per ul with 2-5% schizont- 
infected cells. The mixture was plated into the wells of a 
microtissue culture plate (250 u] per well) and incubated in 
5% COrair at 37°C without shaking. At various times 
blood films were made and either stained with Giemsa or 
treated by the acid-elution method" modified to demon- 
strate Hb F-containing cells while at the same time allowing 
adequate morphological characterisation of parasites. 

P. falciparum preferentially invades. young, metabolically 
active red cells". As this study was designed to compare the 
rates of invasion and growth in vitro in cells containing Hb 
A with those containing Hb F, and as these cells might be 
of different metabolic ages, a preliminary series of experi- 
ments was carried out to examine the effect of cell age on 
the rates of invasion and growth of P. falciparum in the 
in vitro system. Normal red cells were fractionated by 
age’*® and each fraction was mixed separately with in- 
Fected cells. In each case the rate of invasion of the younger 
red cell population was significantly greater than that of the 





Table 1 Invasion and development of P. falciparum in normal red 
cells of different ages 





Invasion Development 
Developmental stages of 100 para- 
Para- _ Sites per cell fraction 

Cell Reticulocytes sites R T.s S A 

fraction (%) (%) S L S.L SL 
Whole blood 0.4 5.0 O 3 40 30 11 1 2 13 
Top 5 7.9 O 2 39 32 11 2 1 «443 
Middle 0.6 3.6 O 4 36 29 14 3 O 14 
Bottom 0,2 3.3 0O 3 36 24 16 1 2 18 
Whole blood 2.4 5.1 O 1 31 37 14 1 1 15 
Top 9.6 8.9 0 3 40 26 10 2 O 19 
Middle 1.5 4.5 O 2 42 24 10 2 0 20 
0.1 3.2 O 0 49 21 10 1 OO 19 


Bottom 
e e 


Uninfected adult red cells were centrifuged at 2,500g for 1 h at 4 °C. 
Fractions of approximately 0.2 ml were removed from the top, 
middle and bottom of the column of red cells and from whole blood. 
Reticulocyte counts were done to confirm separation on the basis of 
age. Suspensions of schizont-infected cells were added to each frac- 
tion and the mixtures were incubated as described in the text. The 
percentage of ring forms in each fraction arising from a fixed ino- 
culum of schizonts is shown for two experiments. At least 1,000 red 
cells were examined from each fraction. In each case a x? test showed 
a significantly greater percentage of parasites in the top (young) cell 
as compared with the bottom fraction (P = < 0.01). To assess 
parasite development smears were made after 53 h in culture and the 
maturity of parasites in 100 singly infected cells in each fraction 
was assessed. Rings (R) were forms without pigment, trophozoites 
(T) had a single clump of pigment and a single nucleus, schizonts (S) 
had more than one nucleus, gametocytes (G) had diffuse pigment, 
and abnormal forms (A) were those in which there was no nuclear- 
cytoplasmic differentiation on staining and which were . pyknotic. 
The rings, trophozoites and schizonts were further subdivided into 
small (S) and large (L) forms. There was no significant difference 
in the pattern of development of the parasites between the various 
cell fractions. 
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older cells (Table 1). The further growth and development 
of the parasites in the different aged cell populations were 
assessed both by morphological examination (Table 1) and 
*H-isoleucine incorporation". Parasite growth assessed 
by either method was similar in each cell fraction. Thus in 
this in vitro system the parasites preferentially invade 
young metabolically active cells but there is virtually no 
difference in the rates of ‘development in red cells of differ- 
ing ages. 

To determine whether HbF has any effect on 
invasion of red cells by P. falciparum, the relative 
rates of invasion’ of HbA and HbF-containing cells 
were compared. HbA-containing cells were obtained 
from normal adults. HbF-containing cells were 
derived from four sources—norma! newborn infants, infants 
aged 3-6 months, homozygotes for the British type of 
hereditary persistence of foetal haemoglobin (HPFH)" and 
heterozygotes for the African form-of HPFH”’. The choice 
of these Hb F-containing cells was based on the following 
rationale. The red cells of newborn infants contain mainly 
Hb F and are metabolically younger than those of normal 
adults?'; by making an artificial mixture of newborn-infant 
and adult cells it would be possible to compare the rates of 
invasion of two red cell populations of different metabolic 
ages with Hb’F in the ‘younger’ cells. In the blood of 
infants aged 3-6 months Hb F production has almost 
ceased and the newly-produced red cells contain almost 
entirely Hb A; in the same blood sample it would be possible 
to examine the relative rates of invasion of Hb A and Hb F- 
containing cells, in this case the latter being the metabolic- 
ally older population. The red cells of homozygotes for the 
British form of HPFH contain increased amounts of Hb F 
which is unevenly distributed. some cells carrying mainly 
Hb F and others mainly Hb A”. Since the metabolic ages 
of these populations are similar it would be possible to 
study the relative invasion rates of Hb F and Hb A-contain- 
ing cell populations of the same metabolic age in the same 
blood sample. The red cells in the African form of HPFH. 
apart from their increased levels of Hb F. are similar in 
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Table 2 Invasion by P. falciparum of red cells containing varying 
amounts of foetal haemoglobin 


Source of Hb F-containing cells 
Infant 


Cell Adult+cord British HPFH African HPFH 
type Parasites F/A Parasites F/A Parasites F/A Parasites F/A 
(%) (%) A (%) 

A 5.2 10.8 3.1 7.4 , 
T — 2.3 8.9 0.9 — 1.0 2.9 0.3 
F 121 10.1 3.0 2.4 
À 5.1 9.6 7.8 4.3 i 
I — 2.6 9.0 1.1 — 0.9 1.6 0.2 
F 13.2 10.2 6.7 0.8 
À 5.5 4.3 6.2 12.2 
T — 1.8 4.9 1.1 — 1.0 7.0 0.5 
F 9.9 4.9 6.1 5.8 


Experimental conditions as' described in the text. Where Hb A 
and Hb F-containing cells were present in the same culture, smears 
were stained by a modification of the acid elution technique to 
distinguish between the following groups of cells:— those containing 
predominantly Hb A where the haemoglobin was completely eluted 
(A), cells containing Hbs A and‘F (intermediate or I cells) and cells 
containing mainly Hb F (F cells)”. Since the mixture of adult and 
cord cells was artificial the group of I cells has been omitted. The 
African HPFH and adult control cells were grown in parallel and 
not in the same wells, as the acid elution technique does not readily 
distinguish African HPFH cells from those containing Hb A in an 
artificial mixture. In these cases the intermediate (I) group is omitted. 
At least 2,000 cells were counted in each experiment. The difference 
in parasitisation of the A and F cells in the adult/cord and infant 
cell experiments was significant at the 1% level. There was no sig- 
nificant difference between the parasite counts in the A and F popu- 
lations in the British or African HPFH red cells. ` 
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every way to those of normal adults’. The results are 
summarised in Table 2. In the mixture of newborn and 
adult red cells the Hb F-containing cells were preferentially 
invaded. in the red cells of the 3-6-month old infants there 
were significantly more parasites in the Hb A-containing 
cells. and in the red cells of the British HPFH homo- 
zygotes the Hb F and Hb A-containing populations were 
equally invaded. The rates of invasion of the African 
HPFH cells were identical to those of normal adult cells in 
parallel cultures. These experiments show that Hb F has 
no direct effect on the rate of invasion of red cells by P. 
falciparum and provide further evidence that invasion is a 
cell-age related process. 
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Table 3 Development of P. falciparum in cells containing varying 
amounts of foetal haemoglobin 


Developmental stages of 100 
parasites per group 
Blood Cell R T S 


type type S S L S L 


Cord 0 0 25 58 
0 3 64 23 
0 1 29 48 
0 3 


78 14 
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8 10 44 28 
34 29 25 9 


10 30 25 27 
42 38 17 | 


B°/5B 
Thalassaemia 
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3 21 31 34 
14 26 28 20 
26 10 27 18 


8 30 
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46 5 8 17 13 
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HPFH 


no. CO con OOs 


Infant 9 
22 68 8 QO 
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Experimental methods are described in the text and the designation 
of cell type and the development stages of the parasites are the same 
as those in Table 1. A!l cells were cultured in the same wells except 
for the African HPFH and Hb A-containing control cells which 
were in parallel. There is a significant retardation of development 
of parasites in the Hb F-containing cells in each case. 


A further series of experiments was carried out to 
compare the development of P. falciparum in Hb F- 
containing cells with that in cells which contain mainly Hb 
A. In addition to the cells used in the experiments described 
above a mixture of normal adult cells and cells from a 
compound f°/58 thalassaemia heterzygote which contain 
almost 100% Hb F” were studied. The cells were infected 
in vitro and at various times smears were made from the 
cultures and a comparison of the maturity of parasites in 
the Hb A and Hb F-containing cells was made. The results 
of representative experiments are summarised in Table 3. 
There was a significant reduction in the number of mature 
forms of P. falciparum in the Hb F-containing cells regard- 
less of their source or age. Hence the presence of Hb F in 
red cells causes retardation of growth of P. falciparum in 
vitro. Since it was observed in red cells containing Hb F 
obtained from both infants and adults with several different 
genetic conditions, this phenomenon is probably related to 
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the presence of Hb F and not to other metabolic properties 
of the red cells. Further evidence that this is the case was 
obtained in those experiments in which it was possible to 
define red cells which contained. intermediate amounts of 
Hb F (Table 3). The degree of retardation of growth of 
P. falciparum in these cells was approximately intermediate 
between that in cells which contained predominantly Hb A 
or Hb F suggesting that the degree of retardation of growth 
of the parasite is broadly correlated with the level of Hb 
F in the red cell. Since the phenomenon was observed in the 
red cells of the African HPFH heterozygote, it seems likely 
that growth retardation can result from as little as 7 pg 
Hb F per cell. 

Whether Hb F causes relative retardation of growth and 
development of P. falciparum by its high oxygen affinity, 
different primary structure from that of Hb A, or by 
another mechanism, remains to be determined. Whatever 
the mechanism this phenomenon, taken together with the 
retardation of the rate of decline of Hb F production over 
the first year of life in infants heterozygous. for B thalas- 
Saemia, offers a possible mechanism for the maintenance of 
the 8 thalassaemia polymorphism. Any property of the red 
cell which causes even minor growth retardation or inter- 
feres with synchronisation of development of the parasite 
might provide some degree of protection, particularly at a 
stage of development when passive immunity is waning and 
active immunity is not established. Further data on the 
levels of Hb F which are required for protection, and on 
the intracellular levels of Hb F in ‘such heterozygous 
infants during their first year is required to test this hypo- 
thesis. Its particular attraction is that because the rate of 
decline of Hb F is retarded in infants with B chain 
structural haemoglobin variants as well as those with B 
thalassaemia‘, it provides a unifying mechanism for the 
high gene frequencies of the B-chain haemoglobinopathies. 
It does not, of course, exclude the operation of other pro- 
tective mechanisms such as have been proposed for cells 
containing Hb S1, | : 
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Further link between | 
‘complement activation and blood coagulation 


-Evipence for interactions between the complement and 


haemostatic systems has come from two lines of research 
blood platelets have been shown to interact with various 


complement components!~*, and more ambiguous results have 
been obtained with respect to the role of complement in 


endotoxin shock and the Shwartzman reaction’ ~3. We report 
here that the activated complement component C3b triggers a 
marked increase of tissue thromboplastin (factor II) activity 
in cultured human monocytes. Differential counting and non- 
specific esterase staining'* of the final preparations regularly 
revealed more than 85 °4 monocytes. 

After isolation and incubation as described in Table 1, the 
cells were rinsed 10 times with sterile saline and mechanically 
displaced with a rubber policeman into 1 ml of Veronal-buffered 
saline’. Tissue thromboplastin activity was tested as before'®. 
Procoagulant activity required the presence of coagulation 
factor VII and was inactivated rapidly by phospholipase 
C7 and by a monospecific antiserum against tissue thrombo- 
plastin'®*. The procoagulant was thus identified as tissue 
thromboplastin. Guinea pig complement factor C3b was 
generated and purified as described by Nicholson et al.. 

Table 1 summarises data from five experiments. C3b gives a 
marked increase in tissue thromboplastin activity of isolated 
monocytes cultured in the presence or absence of serum. This 
increase was of the same order of magnitude as that seen after 
endotoxin addition (data not shown). Cycloheximide (Sigma) 
(final concentration 10-20 ug mi~) inhibited the increase 
completely; thus protein synthesis was probably required. The 
effect of C3b was significant even at the lowest concentration 


Sanare ean 
Table 1 Effect of C3b on tissue thromboplastin activity of human 
monocytes 


uaea aeaee 
Activity 
Additions Serum (units per Increase* 
Experiment (ug ml-®} (20%) mg protein) (%) 
l C3b (0.5) + 41.7 256 
C3b (0.5)+4- 
cycloheximide (20) +- 11.7 0 
None (control) + 11.7 
2 C3b (12.5) “4. 37.0 348 
C3b (12.5) = 18.7 127 
None (control) + 8.2 
3 C3b (15) + 20.6 131 
C3b (30) 4- 25.7 189 
None (control) + 8.9 
4 C3b (30) = 15.5 78 
None (control) = 8.7 
5 C3b (30)+- 
endotoxin (50) + 69.3 1,055 
C3b:- (30) 56.6 843 
None (control) -4 6.0 


aaa A E E undue 

Human monocytes were isolated from mixed buffy coats by a 
modification of the Bøyum method?! including dextran sedimenta- 
tion, two Ficoll-Paque (Pharmacia), gradients and several differential 
centrifugations. The cells adhering to the Petri dishes (Nunc), were 
selected by washing away non-adherent cells. Incubations lasted for 
5 h. A standard preparation of human brain thromboplastin that 
clotted normal citrated plasma in 13 s was taken to contain 100 units 
ml~! and dilutions of this preparation were used to establish a 
standard curve. Protein was determined by the Lowry method**, The 
endotoxin was Escherichia coli 055:135 type B (Difco). Each value is 
the mean of determinations in triplicate on duplicate cultures. The 
test samples had protein concentrations of 117-726 ug mi~! and the 
actual clotting times recorded were 18.7-38.8 s in C3b-stimulated 
samples and 41.3-68.8 s in controls. The clotting times were converted 
to thromboplastin units by means of the standard curve and 
normalised to units per mg protein. 

*Control values subtracted. 
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tested (0.5 ug mi~'). The apparent lack of a dose-response 
relationship is caused by the varying magnitude of the response 
of the different cell preparations used in the various experi- 
ments. In experiment 3 (Table 1) where different aliquots of the 
same cell preparation were exposed to two different levels of 
C3b, the higher dose gave the higher response. Unstimulated 
monocytes cultured for 5 h had very low activities (Table 1). 
C3b alone did not influence the assay system (tested up to 
30 ug ml ~’). 

Isolated monocytes develop increased procoagulant activity 
when stimulated by endotoxin??. This phenomenon probably 
requires both mRNA and protein synthesis (H.P. and A.C.A., 
in preparation) and is seen in monocyte cultures virtually free 
from blood platelets. Granulocytes and non-adherent mono- 
nuclear cells are essentially unresponsive (data not shown). 

Human monocytes and other macrophages have receptors for 
C3b2*-25, and C3b is known to induce release of lysosomal 
enzymes from macrophages**. The production of C3 by 
by normal macrophages?” makes possible a positive feed back 
cycle**, This link between complement activation and the 
extrinsic blood coagulation system has pathogenetic implica- 
tions in the initiation of disseminated intravascular coagulation 
and possibly of thrombosis, which are under study. 
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Induction of autophagy by 
amino-acid deprivation in perfused rat liver 


AuTopHAGocytosis is generally regarded as an important 
mechanism for ridding the cell of injured or unwanted cyto- 
plasmic constituents and for degrading normal components in 
response to energy needs'**. Autophagy has been noted in 
HeLa cells deprived of foetal calf serum and amino acids*. It 
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has also been seen in rat liver after glucagon administration*: *, 
during nutritional deprivation’:* and in diabetes’''’. Thus 
autophagy could have a physiological role in the maintenance 
of body amino acid pools, although there is no direct experi- 
mental evidence for this. We reported previously that rates 
of proteolysis, and lysosomal sizes are seen to increase when 
rat livers are cyclically perfused with an unsupplemented 
medium and decrease in response to added amino acids''*'’. 
We strongly suspected that autophagy was the underlying event, 
but the nature of the process has been difficult to define’*. The 
possibility was considered that its expression was self-limited 
by the accumulation of amino acids from endogenous proteo- 





Fig. 1 Electron micrograph of a portion of a hepatocyte, 
adjacent to two bile capillaries (be), from a liver perfused in 
the single-pass mode for 40 min with medium not supplemented 
with amino acids. After perfusion, livers were flushed with 
10 ml of cooled perfusate plasma followed by 40 mi (in 4 min) 
of Karnovsky’s glutaraldehyde—paraformaldehyde fixative’, 
diluted 1:7 with 0.1 M sodium cacodylate (pH 7.2); |-mm cubes 
then were cut from the major lobes and fixation continued with 
full-strength Karnovsky’s medium for 3—4 h in an ice bath; the 
tissues were post-fixed in 1.33% osmium tetroxide, buffered with 
s-collidine (pH 7.4) for 2 h at ice temperature, The blocks were 
imbedded in epoxy resin (Durcupan ACM, Fluka) and thin 
sections cut with a Sorvall Porter-Blum MT 2-B ultramicrotome 
from an area containing predominantly mid-zonal cells®®. The 
sections were double-stained with uranyl acetate and either 
lead citrate or lead hydroxide before examination with an 
RCA-EMU-IV. electron microscope. Numerous autophagic 
vacuoles are evident (arrows), Smooth endoplasmic reticulum, 
glycogen, a mitochondrion, and a portion of rough endoplasmic 
reticulum are especially well preserved within the vacuoles. 
Several of the autophagic vacuoles are limited by a double 
membrane throughout a significant portion of their circum- 
ference. In general, the hepatocytes seem to be in good condition. 
Mitochondrial swelling is not evident nor are there any large 
cytoplasmic vacuoles. There is some vesiculation which probably 
represents enlarged elements of the Golgi complex and which 
may play a part in the autophagic process. 
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lysis. We now show that when this accumulation is prevented 
by perfusing livers in the single-pass mode, autophagic changes 
appear that are morphologically indistinguishable from those 
occurring after maximal doses of glucagon‘, 

Livers from fed male rats of the Lewis strain (Microbiological 
Associates), weighing 120-150 g, were perfused in situ with a 
medium consisting of freshly washed bovine or sheep red cells 
suspended in Krebs-Ringer bicarbonate buffer (0.27 v/v) con- 
taining 3% bovine plasma albumin (Pentex) and 10 mM 
glucose. Amino acid levels in the perfusate plasma were reduced 
to 2.5% of normal rat plasma values as determined by direct 
analysis“. Perfusions’ were carried out as described pre- 
viously?’ except that in all single-pass runs the outflow from 
the livers was not returned to the perfusion flasks!6. 

Perfusion of livers in the single-pass mode with a medium 
depleted of amino acids evoked a striking increase in auto- 
phagy (Figs | and 2) that attained maximal intensity by 20 min 
and was clearly evident as early as 5 min (data not shown). 
Although autophagic vacuoles were widely scattered through- 
out the cell, they were more numerous in the vicinity of Golgi 
vesicles. The variety of identifiable cytoplasmic inclusions was 
fairly typical of the contents of glucagon-induced vacuoles?’. 
The one exception was glycogen: while it was a frequent 
lysosomal constituent in our experiments, it has not been noted 
consistently in glucagon studies*-*!7, This difference un- 
doubtedly reflects the glycogen content of the cell at the time 
autophagy was underway. In most of these reports, the animals 
were starved and residual glycogen was undoubtedly lost 
through the glycogenolytic action of glucagon (through cyclic 
AMP). Although amino acid deficiency per se does not, in our 
experience, enhance glycogenolysis, we, nevertheless, con- 
sidered the possibility that the albumin used in the medium 
might have carried substances capable of stimulating adenyl 
cyclase and autophagy. Analysis of tissue samples showed that 
cyclic AMP was not elevated, however (Table 1). 

Effects of amino acid deficiency on the fractional cyto- 
plasmic volumes of typical autophagic vacuoles are piven in 
Fig. 2. With maximal deprivation, the fractional volume of 
autophagic vacuoles, 1.6%, was considerably larger than peak 
values after glucagon’*, but compared closely with estimates 
after diabetes’ and in neonatal rat livers at the time of maxima! 
autophagy®. In other respects, however, our findings are 
similar to those seen with glucagon. The cross-sectional 
dimensions of lysosomal profiles, which were up to 1.8 um 
(Fig. 3), are in basic agreement with the data of Deter et al.5— 
we also noted, as they did, a significant decrease in the fractional 
volume of typical dense bodies (shaded fraction, Fig. 2). The 
addition of a 10 x physiological mixture of amino acids during 
single-pass perfusions completely prevented this autophagic 
increase and even reduced values below those in unperfused 
liver (Fig. 2). When the amino acids were added after auto- 
phagy was fully manifest (20 min), the vacuoles regressed 
almost completely with a half-time of 8-9 min (data not 
shown). This agrees closely with the time required to reverse 
the enhancement of lysosomal osmotic sensitivity in the per- 
fused rat liver (4, ~ 8 min)’, and as a first approximation, 
Suggests that the fractional turnover rate for mixed autophagic 
vacuole contents is of the order of 0.08 per min. 

During cyclic liver perfusion, most amino acids quickly 
attain steady-state levels that are about the same or only 
slightly lower than normal plasma values, and a few (including 
leucine, isoleucine, valine, glutamic acid and glycine) continue 
to rise?*, But, as there is no external supply to replace those 
that are metabolised, a moderate deficiency does in fact exist 
and extra amino acids are provided by a significant increase 
in the rate of cytoplasmic proteolysis. It is evident from 
Figs 2 and 3 that autophagy and lysosomal enlargement 
increase in these conditions although to a smaller extent than 
was observed after more stringent deprivation. Our previous 
failure to demonstrate typical autophagic alterations during 
cyclic perfusion!? can probably be explained by the technique 
of fixation used. In subsequent work we have shown it to be 
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Experimental groups 


Fig. 2 Fractional cytoplasmic volume of components of the 
lysosomal-vacuolar system. The following experimental 
conditions were evaluated: (1), no perfusion; (2), cyclic perfusion 
for 60 min with no additions of glucose or amino-acids; (3), 
single-pass perfusion for 40 min with 10 mM glucose but no 
added amino acids (the offset dashed line represents values 
obtained from livers perfused 20 min in the same conditions): 
and (4), single-pass perfusion for 40 min with a medium supple- 
mented with amino acids at a concentration 10 x normal plasma 
levels and 10 mM glucose. The components of the lysosomal- 
vacuolar system have been divided into four groups. Each bar 
represents mean %, + s.e.m., of hepatic cytoplasm that is 
occupied by the designated component. The organelles classically 
described as autophagic vacuoles!-® appear above the horizontal 
axis. These autophagic vacuoles have been divided into two 
types: type B contains only elements of smooth endoplasmic 
reticulum, + glycogen; the remainder were classified as type C. 
A significant proportion of the inclusions within type C were 
recognisable mitochondria, rough endoplasmic reticulum, or free 
ribosomes. In addition, type C vacuoles contained unrecognisable 
membrane remnants and amorphous material which _ were 
probably cytoplasmic constituents in various stages of intra- 
lysosomal digestion. The remainder of the lysosomal elements, 
which comprised the population of ‘dense bodies’ are shown 
below the horizontal axis of the graph. Many of these elements 
seemed identical to peribiliary dense bodies generally observed 
in normal liver tissue2*2? (shaded area). Profiles were also 
observed which had some region of electron-dense material 
but also contained an area of granularity indicating the presence 
of glycogen. These profiles were designated type A autophagic 
vacuoles. Electron micrographs were analysed by the point- 
counting method?! which involved a test grid of intersecting 
lines. The method of stratified random sampling? was used in 
selecting blocks of tissue from the two major lobes of the liver. 
Four to six micrographs were examined from each block of 
tissue. The number of livers in each experimental group is shown 
in parentheses. For comparison with fractional volumes expressed 
as % Of whole liver volume, the values in this graph may be 
multiplied by 0.771, the fractional volume of hepatic cytoplasm 
with respect to the whole liver®*, 


less effective than the present method in preserving intra- 
lysosomal fine structure. 

As shown in Fig. 2, lysosomal elements which contained 
no distinct membrane remnants were divided into two sub- 
groups according to whether they (l) exhibited the usual 
electron opacity of dense bodies (shaded), or (2), contained 
additional sharply demarcated zones of electron lucency type A. 
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Table 1 Liver cyclic AMP levels 


a 


Liver cyclic AMP 
Experimental condition (nmol per g liver) 
Unperfused (9) 0.812 +0.080 
Perfused (8) 0.973 +0.184 
no animo acids i 
Perfused (7) 0.917 +0.171 


10 X amino acids 


i a 

Liver perfusions were carried out in the single-pass mode for 
40 min with or without amino-acids, as described in the text and in 
Fig. 2 legend. Value are means +s.e.m. The number of livers from 
each group is given in parentheses. Livers were rapidly frozen using 
Wollenberger clamps previously cooled in liquid nitrogen. Total 
cyclic AMP was determined using either the protein binding assay 
of oe as modified by Fain ef al.3? or the procedure of Steiner 
et al.3%, 


In all instances, the lucent areas displayed the characteristic gran- 
ulation pattern of glycogen; these bodies are presumed to 
be autophagic vacuoles containing glycogen and probably 
some associated cytoplasmic matrix and smooth endoplasmic 
reticulum. It is evident from Fig. 2 that the fractional cyto- 
plasmic volume of type A lysosomes tended to increase with 
amino acid deprivation. It is also apparent from Fig. 2 that 
the composition of cytoplasmic elements within the larger, 
more typical vacuoles was not the same in the four conditions 
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Fig. 3. Cumulative size distribution of dense bodies and auto- 
phagic elements (type A, B, and C). The data were compiled 
from measurements on the micrographs of Fig. 2, and the number 
on each curve corresponds to the experimental group as described 
in Fig. 2. Size estimates were obtained by directly measuring the 
maximum cross-sectional dimensions of profiles on electron 
micrographs. Dimensions were standardised by correcting for 
differences in magnification. Dense bodies and autophagic 
vacuoles were then arranged in size categories to the nearest 
0.05 pm. A total of 300 profiles were measured in group 2, 
500 in group 3, and 200 in group 4. 
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studied. The proportion of large forms containing mito- 
chondria and/or fragments of rough endoplasmic reticulum 
(type C) increased relative to the total autophagic fractional 
volumes (types B+C) as the level of autophagy increased. 
Thus sequestration does not seem to be a random process, but 
exhibits some selectivity according to the degree of amino- 
acid deprivation.. 

The effect of amino acid depletion on the sequestration of 
cytoplasmic constituents by the lysosomal—vacuolar system is 
seen at normal levels of cyclic AMP and suggests that hepatic 
autophagy is controlled by amino acids independently of tissue 
alterations of the cyclic nucleotide. Insulin may also suppress 
this process}?, but it is clear that maximal inhibition can be 
obtained by amino acids alone. In view of the magnitude of 
this autophagic response, it probably could account for most 
or all of the increase in protein degradation that occurs with 
amino acid lack. Taking 0.08 per min as a minimal estimate 
of the fractional rate of turnover of cytoplasmic components 
(and of protein) within autophagic vacuoles, we have com- 
puted that the rate of cytoplasmic processing by type B and C 
autophagic vacuoles would be 6.0% per h per liver under 
stringent amino acid deprivation, 2.2% per h with moderate 
deprivation (cyclic perfusion), and 0.2% per h with no depriva- 
tion (amino acid additions). The difference between the last 
two estimates, 2.0% per h, is capable of accounting for the 
increase in hepatic proteolysis that occurs in the absence of 
added amino acids during cyclic perfusion’?1°. Since the 
number of autophagic vacuoles in rat liver had been shown 
to rise sharply in the postabsorptive period’, autophagy could 
explain much of the loss of total liver protein during this 
period?°. The same process might also account for the enhanced 
proteolysis.observed in cultured eukaryotic. cells during nutri- 
tional deprivation or in the absence of macromolecular growth 
substances?! 23, 
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Monocular astigmatism effects 
on kitten visual cortex development 





SIMULTANEOUS binocular vision during postnatal development 
is necessary for the maintenance of normal binocular con- 
nectivity in the kitten visual cortex. If one eyelid of a kitten 
is sutured shut throughout early development, three major 
changes can be observed when the eyelid is opened: (1) 
cortical cells lose functional: connections with the deprived 
eye and may be activated only by the eye which remained 
open’; (2) cells in the layer of the lateral geniculate nucleus 
connected to the deprived eye shrink relative to those cells 
receiving innervation from the normal eye™*; and (3) tested 
through its deprived eye, the cat seems to be almost totally 
blind®. We report here investigations on kittens which had 
been reared in the dark and then given visual exposure 
wearing goggles. One eye was allowed to view normally and 
the other looked through a cylindrical lens simulating 
asigmatism. 

The behavioural, physiological and anatomical astig- 
matism changes which occur in the cat visual system after 
monocular deprivation are a result of competition between 
the two eyes, rather than a simple consequence of disuse®~®. 
Debate now centres on the mechanism of this competition. 
The two principle hypotheses, as put forward by Guillery® 
and discussed by others’ are first, that cellular changes in 
the lateral geniculate body are a secondary consequence of 
a competitive interaction among geniculate terminals at the 
visual cortex. Here the primary event is the loss of func- 
tional connections with the cortical cell. Second, an intra- 
geniculate competition mediated through inhibition between 
the layers of the geniculate results in a shrinkage of cells 
connected to the deprived eye. The loss of functional con- 
nections with the cortical units is considered to be a 
secondary consequence of the intrageniculate competition. 
We have dissociated these hypotheses by rearing kittens with 
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one eye viewing through a negative (axis vertical) 12-dioptre 
cylindrical lens whose power exceeds the accommodative 
range of the cat". This lens allows clear vision of horizontal 
contours but defocuses the image progressively more as the 
stimulus orientation approaches vertical. As such it simu- 
lates the clinical condition of astigmatism". 

Three kittens were reared from birth to 25d old in the 
dark. They were then given visual exposure wearing goggles 
which forced one eye to view through the cylindrical lens 
while the other viewed normally, for 4-6 h per d for a total 
of 80-120 h. They were then returned to the dark until they 
were at least 3-months-old at which point single cell res- 
ponses were examined in visual cortex. Our procedures for 
recording responses from single cortical cells are described 
elsewhere’ ", Kittens were initially anaesthesised with intra- 
venous sodium thiopental and cortical units were recorded 
extracellularly with glass-coated platinum-irridium micro- 
electrodes. We used the sampling methods of Stryker and 
Sherk", sampling units at intervals of approximately 100 um 
in order to minimise the bias of our recorded population. 
A' blind procedure in which the experimenter knew neither 
the axis of the cylindrical lens, nor which eye wore the 
negative lens was used throughout the recording sessions. 
If the competition between the two eyes occurs at the orien- 
tation-selective cortical cell, the effect of the lens should be 
to give the normal eye a competitive advantage at cells 
preferring vertical stimuli and no competitive advantage at 
cells preferring horizontal stimuli. The ‘cortical’ mechanism 
proposed by Guiullery®, thus predicts that the effect of the 
deprivation would be maximal at vertically-orientated cells 
and minimal at horizontally-orientated cells. If the com- 
petition occurs at a more peripheral level, where orientation 
selectivity among the cells is not present, the ‘geniculate’ 
mechanism predicts that the deprivation should reduce the 
effectiveness of the ‘astigmatic’ eye equally across cortical 
units of all orientations. 

The distribution of ocular dominance for 292 units en- 
countered in these kittens is shown in Fig. 2. As can be 


Fig. 1 The distribution of ocular dominance 
for units in the visual cortex of cats reared 
with one eye viewing through a cylindrical 
lens and the other eye viewing normally. 
The numbers on the abscissa from 1 to 7 - 
represent a trend from the ‘astigmatic’ eye 
to the normal eye. Cells in group 1 are 
driven exclusively by the astigmatic eye; 
cells in group 4 are driven equally by both 
eyes; cells in group 7 exclusively by the 
normal eye. a, The distribution of ocular 
dominance for all cells in these cats. 6, c and 
d, the distribution of ocular dominance as 
a function of the orientation of the unit. b, 
The vertical and d, the horizontal distribu- 
tions represent cells which prefer 
orientations within 30° of vertical and 
horizontal. c, The ‘diagonal’ distribution 
represents cells preferring stimulus orienta- 
tions within 15° of either diagonal. The 
hatched parts of the distribution represent 
cells in the hemisphere contralateral to the 
astigmatic eye. 
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seen, about twice as many units can be influenced through 
the normal eye as through the astigmatic eye. The distribu- 
tion of ocular dominance is broken down according to the 
preferred orientation of the cortical units in the lower parts 
of Fig. 1. It is clear that the magnitude of the deprivation 
effect varies depending on the orientation preference of the 
cortical cell. It is marked for units preferring orientations 
within 30° of vertical, weaker for diagonally-orientated 
units and absent for units preferring horizontally-orientated 
(+30°) stimuli. The results thus confirm the cortical hypo- 
thesis outlined earlier; they show that binocular competition 
occurs at the orientation-selective cortical cell and that this 
competition seems to be sufficient to account for all ocular 
dominance changes consequent to monocular image blur. 
The total number of units encountered which prefer a 
particular orientation is shown for each eye. separately in 
Fig. 2. The ‘astigmatic’ eye drives far fewer units which 
prefer vertically-orientated stimuli than units which prefer 
horizontal. The histograms in Fig. 2 show that the effect is 


similar in both hemispheres. One might imagine that this - 


is a simple consequence of this eye having less exposure 
to focused stimuli with vertical orientations”. Such an 
explanation cannot, however, account for the striking bias 
in the distribution of preferred orientations which is evident 
in the normally-viewing eye. In this eye, 55% more cells 
prefer stimuli orientated within 30° of vertical than prefer 
stimuli within 30° of horizontal. This is at first glance sur- 
prising, since the normal .eye has, after all, viewed all 
orientations with equal frequency and clarity. An examina- 
tion of the histograms of Fig. 3 reveals that the distributions 
in the two eyes are complementary. The trough near 
vertical for the astigmatic eye is balanced by a corre- 
sponding bulge in the normal eye. Combining distributions 
for the two eyes, the total number of units encountered 
preferring vertical (+30°) and horizontal(+30°) is nearly 
identical. The overall distribution of orientation-selective 


i a 22 





No. of cells 
`O 
O 


Orientation 


Fig. 2 Distribution of preferred orientations for cortical units 
driven by a, the normal and 4, the astigmatic eyes. On the right 
are polar plots in which each cell represents a single dot. The 
length of the dotted line along a given orientation is thus pro- 
portional to the number of units encountered which have this 
preferred orientation. On the left, the same data are presented 
in histogram form and are further subdivided by cortical hemi- 
sphere. The height of the bar at any orientation is proportional 
to the number of units preferring that orientation. The hatched 
part of the distribution is derived from the hemisphere contra- 
lateral to the astigmatic eye. The horizontal cells of the polar 
plots are divided equally between 9:00 and 3:00 on the associated 
histograms. 
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neurones in the visual cortex has remained unaltered but 
the normal eye seems to have made compensatory, 
orientation-selective inroads into the cortical territory 
normally occupied by the astigmatic eye. 

The effects obtained here are not as marked as those 
which follow monocular eyelid suture during early develop- 
ment!’?. The latter case differs from ours in that the sutured 
eyelid almost completely obscures the stimulus while our 
negative lens merely blurs the image. The observed effects 
seem more marked in the hemisphere contralateral to the 
eye which wore the negative lens. This apparent asymmetry 
is probably attributable to the known preponderance of 
input from the contralateral eye to the visual cortex". 
The normal contralateral bias would enhance the observed 
effects in one hemisphere and minimise them in the other. 

A puzzle remains in the ocular dominance distribution for 
horizontally-orientated units where viewing conditions for 
the two eyes should be equal. While there is no tendency for 
either eye to control more neurones, the distribution lacks 
the usual complement of binocular neurones.. The most 
likely explanation for this phenomenon is that the cylindrical 
lens was not perfectly centred on the kitten’s eye. Even a 
small misalignment between the geometrical centre of the 
lens and the pupil would lead to prismatic displacement 
which could vary from day to day. This would mimic the 
situation in strabismus, a condition which is known to result 
in a loss of binocularly-driven neurones”. 

Three main conclusions may be drawn from these results: 
first, asymmetric ocular refractive error during early 
development can cause severe changes in cortical binocular 
connectivity. Second, the mechanism of this disruption is a 
developmental competition between the two eyes which 
occurs at the visual cortex. And third, the cortical distribu- 
tion of preferred orientations in a normally-viewing eye can 
be biased merely by depriving the other eye of focused 
input at certain orientations. 

This research was supported by MRC of Canada grants 
MA 5201 and MA 5027 and NRC of Canada grant A9939. 
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Diffusion barrier for acetylcholine 
at the frog.neuromuscular junction 


INACTIVATION of acetylcholinesterase (AChE) causes the 
half-decay times of the endplate currents (e.p.cs) and 
miniature e.p.cs (m.e.p.cs) to increase from about 
1.5-2.0ms to 3.0-10.00ms, times far too long to be 
accounted for by removal of the transmitter by free dif- 
fusion’, To explain this, Katz and Miledi’ postulated 
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leptics inhibit *H-haloperidol and *H-spiroperidol binding in 
concentrations substantially lower than those which occur 
in the blood of patients at therapeutic doses. The radio- 
receptor assay described here is based on the principle 
that neuroleptics in the patient’s serum compete for the 
binding of *H-haloperidol or *H-spiroperidol to dopamine 
receptors in membranes of the corpus striatum 
(S. H. S., unpublished). 

In this assay, serum is used without any extraction or 
other purification procedure. The absence of interference 
by serum is apparent from experiments in which 15 gl 
of serum in a total assay volume of 1ml reduced 
‘H-haloperidol or *H-spiroperidol binding by only 10-15%. 
Increasing volumes of serum reduced binding linearly with 
about 30% inhibition occurring with 1501 of serum. 
Small volumes of serum reduce both specific and non- 
specific °H-ligand binding to similar extents suggesting 
that serum proteins bind *H-ligand, making less available 
for interactions with brain membranes. The degree of 
inhibition of *H-ligand binding by control sera from 
several laboratory personnel was uniform. Specific binding 
of *H-haloperidol in the presence of 15 pl of serum from 
18 different subjects was 91+1.6% (total binding 
2,325 c.p.m. blank with 0.1mM dopamine 953 c.p.m.) 
of control values while specific *H-spiroperidol binding was 
85+1.2% (total binding 1,264 c.p.m. blank with 1mM 
dopamine 191 c.p.m.) of control for 10 different subjects. 
This small degree of variability in inhibition of *H-ligand 
binding by control sera falls within the error for repeated 
determinations of the same sample. 

Neuroleptic present in a serum sample reduces *H-ligand 
binding beyond the small reduction attributable to serum 
alone and the degree of inhibition of specific *H-ligand 
binding is proportional to the amount of neuroleptic 
present. By constructing a standard curve of inhibition 
of specific “H-ligand binding by known amounts of the 
drug, the amount present in a serum sample can be easily 
determined. 

This method requires that the presence or absence of 
neuroleptic in a serum sample will not affect the degree 
of nonspecific (blank) *H-ligand binding. In 46 serum 
samples from patients on neuroleptics, blank *H-haloperidol 
binding was 887+6c.p.m. while nonspecific binding in 
the presence of five control sera was 894+17 c.p.m. In 
six patients on haloperidol, nonspecific °H-spiroperidol 
binding was 199+4 cp.m. and 198+6 c.p.m. in the 
presence of six control serum samples. Thus specific 
binding in the presence of patient sera can be determined 
by subtracting nonspecific binding values obtained with 
control sera from total binding with patient sera. The 
percentage inhibition of specific ‘H-ligand binding (in the 
presence of control serum) by the patient serum (con- 
taining drug) is then calculated and compared to a™ 
standard displacement curve for determining actual 
neuroleptic content. 

Up to 99% of neuroleptics may be bound to blood 
components’, In this assay the neuroleptic bound to 
blood proteins dissociates during the incubation so that 
total neuroleptic levels are measured. In confirmation of 
this assumption in one experiment 15 nM haloperidol was 
preincubated for 10min at 37°C with control serum to 
allow binding to serum proteins to occur. The serum and 
haloperidol was then added to a standard binding assay 
which was at equilibrium and it progressivly reduced 
“H-haloperidol binding with increasing durations of 
incubation, with a maximal lowering by 5-10 min. The 
time course and extent of reduction of binding was the 
same for haloperidol pre-incubated with serum or simply 
dissolved in water. The maximum percentage lowering of 
binding was equivalent to that produced by 15nM 
haloperidol added directly to the assay with no serum 
present. 
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For the neuroleptic radioreceptor assay fresh rat 
striatum was sonicated in 100 volumes (w/v) 50 mM Tris 
buffer, pH 7.7 at 25°C with a Sonifier, setting 4 for 30s. 
The homogenate was centrifuged twice at 50,000ẹ for 
10 min (Sorvall RC2-B) with rehomogenisation of the 
intermediate pellet in fresh buffer. The final pellet (which 
may be stored frozen) was resuspended in 125 volumes, 
for assays using ‘H-haloperidol, or 285 volumes for 
“H-spiroperidol, of freshly prepared 50mM Tris buffer 
containing 0.1% ascorbic acid, 10 uM pargyline, 120 mM 
NaCl, 5mM KCI, 2mM CaCl and 1 mM MgCl. to give 
a final pH of 7.1 at 37 °C. *H-Haloperidol (15 Ci mmol’, 
New England Nuclear) or *H-spiroperidol (26 Ci mmol", 
New England or Amersham) was diluted to 10nM or 
l nM, respectively, in fresh 0.1% ascorbic acid. Glass 
12X75 mm incubation tubes received, in order, 15-150 pl 
serum (on drug therapy or drug free) 100 u1 *H-ligand, 
100 ul drug for standard curve or dopamine for blanks 
(10°*M for *H-haloperidol and 107? M for *H-spiroperidol) 
or the drug solvent 0.1% ascorbic acid, and tissue 
Suspension to 1 ml total volume. Final concentrations of 
“H-haloperidol or *H-spiroperidol were 1nM and 0.1 nM 
respectively. The tubes were incubated at 37°C for 
10min (*H-haloperidol) or 15min (*H-spiroperidol) and 
rapidly filtered under vacuum through Whatman GF/B 
filters with three 5-ml rinses of ice-cold 50mM_ Tris 
buffer, pH 7.7 at 25°C. *H-Ligand trapped on the filters 
was counted by liquid scintillation spectrometry after 
remaining overnight in scintillation vials containing NEN 
formula 947 fluor (New England Nuclear). A standard 
displacement curve for the drug under study was deter- 
mined in the presence of equal volumes of control serum 
with final concentrations of the drug about one-third, 
three times and the same as its K; value determined 
previously’. A log—probit plot was used to convert the 
displacement curve to a straight line so percentage 
inhibition of *H-ligand binding can be easily converted to 
molar drug concentration (Fig. 1). In the presence of serum 
the ratio of total to nonspecific binding was about 2.4 for 
“H-haloperidol and 6.6 for *H-spiroperidol, so that the 
latter is the preferred ligand. Plasma can be used for 
assays if the KCl, CaCl and MgCl. in the buffer are 
replaced by SmM sodium EDTA which prevents the 
plasma from clotting the brain homogenate. Neuroleptics 
can also be eluted from red blood cells by sonification 
and incubation in 0.1% ascorbic acid. 

To examine recovery five neuroleptics were preincubated 
with serum for 10min at 37°C, to provide time for 
binding to serum proteins and subsequently assayed for 
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Fig. 1 Log-probit plots of neuroleptic inhibition of specific 
3H-spiroperidol binding to rat striatal membranes. A, Thiori- 
dazine; (_], chlorpromazine; @, haloperidol; A, fluphenazine. 
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neuroleptic levels. Haloperidol (0.1 #M), fluphenazine 
(0.1 uM), trifluoperazine (0.1 M), chlorpromazine (1 #M), 
and thioridazine (1 uM) were all fully recovered in the 
neuroleptic radioreceptor assay with respective values of 
0.11+0.02 uM (n=6), 0.12+0.01 uM (n=10), 0.16+0.2 pM 
(n=6), 1.040.1 uM (n=9) and 1.140.2nM (n=6). To 
examine the recovery of neuroleptics from the blood of 
patients treated in vivo we measured blood levels in four 
patients receiving oral doses of haloperidol! both after 
extraction into organic solvent (heptane-5% isoamy]l- 
alcohol, back extracted into 0.1% ascorbic acid) which 
should remove all drug bound to serum protein, and by 
adding serum directly to the binding assay as in the above 
method. Serum drug levels ranged between 10 and 250nM 
and agreed within a mean of 10% whether assays were 
conducted with or without extraction. 

To assess the validity of the radioreceptor assay, we 
compared its results with blood levels measured by other 
procedures. In one study, rats were given *H-haloperidol 
0.2 mg per kg body weight and blood levels of the drug 
were assessed by determining plasma radioactivity 10 min 
after drug administration or by radioreceptor assay 
following organic solvent extraction of the plasma. At 
this interval after *H-haloperidol administration at least 
75% of the radioactivity in plasma can be accounted for 
as unmetabolised haloperidol”. The blood level was 
130+30nM by measuring radioactivity and 120+30nM 
by radioreceptor assay. In other studies, we measured 
blood haloperidol levels in patients whose levels were also 
determined by radioimmunoassay and found a good 
agreement between the two procedures (Table 1) 
(.C., R. J. Wyatt and S.H.S., in preparation). Serum 
samples have been assayed fresh or after storage at or 
below —20°C, but repeated freezing and thawing led to 
reduced measured neuroleptic levels. Using 150 ul of serum 
the lower limit of sensitivity (15% inhibition of specific 
binding) is 1.8 ng ml™*, 2.2 ng ml, 2.5 ng ml", 8.6ng ml™* 
and 30 ng ml"! for fluphenazine, trifluoperazine, haloperidol, 
chlorpromazine and thioridazine, respectively. 
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Table 1 Comparison of radioreceptor assay (RRA) and radio- 
immunoassay (RIA) values for plasma levels of haloperidol 


Haloperidol (ng m17») 


Dose level, 
Patient samples Haldol (mgd) RRA RIA 
1 20 27 ZI 
2 20 29 28 
3 10 21 18 
4 20 31 37 
5 10 22 20 
6 20 29 28 


Aliquots of 30 ul of patient plasma samples (previously frozen 
at —20 °C) were assayed in the radioreceptor assay with °H-halo- 
peridol as ligand. A standard curve of 3H-haloperidol displacement 
was constructed from known amounts of haloperidol in the presence 
of control plasma. The radioimmunoassay” for haloperidol was 
performed by Drs Michael Shostak and James Perel, Columbia 
University. 


In summary, this radioreceptor assay seems to offer a 
potential for routine application to large populations of 
patients. The procedure is’ sensitive. Since the milligram 
potencies of neuroleptics are closely correlated with their 
affinity for dopamine receptors labelled with *H-halo- 
peridol’®’, the sensitivity of the assay is greater for drugs 
which are used therapeutically at lower doses. At thera- 
peutic doses of many neuroleptics, we have found the 
radioreceptor assay sensitive enough to determine drug 
levels in 15-301 serum samples. But, where steady state 
blood levels are relatively low the sensitivity of the assay 
can be increased up to 10-fold by increasing the volume 
of serum (up to 150 4l) added to the assay. The assay is 
selective for neuroleptics. Only dopamine receptor 
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antagonists compete with high affinity for *H-haloperidol 
and *H-spiroperidol binding. Levels of circulating catecho- 
lamines are much too low to pose any problem. In screens 
of large numbers of drugs from different chemical classes 
no drugs other than neuroleptics, except for ergots, 
compete significantly for *H-haloperidol binding’. Ergots 
which do bind to dopamine receptors are not usually used 
clinically in the therapy of schizophrenics. Thus, this 
assay can be used in patients who are also receiving a 
variety of other drugs besides neuroleptics. For patients 
treated with two or more different neuroleptics, the 
absolute concentration of each drug cannot be separately 
determined. In these cases the total inhibition of 
’H-haloperidol or °H-spiroperidol binding can be converted 
to a ‘chlorpromazine equivalent?’ which would produce 
the same degree of inhibition. 

Another virtue of the assay is that it will detect meta- 
bolites which compete for dopamine receptor binding and 
thus may be therapeutically active. There is evidence that 
a substantial portion of the therapeutic activity of chlor- 
promazine might be contributed by its metabolite 
7-hydroxychlorpromazine”. 7-Hydroxychlorpromazine has 
about 70% of the affinity of chlorpromazine itself for 
*H-haloperidol binding sites” and hence would be detected 
in this assay. 

The radioreceptor assay described here is simple to 
perform. Substantial quantities of corpus striatum tissue 
can be obtained from large animals such as calf or pig 
and stored frozen. *H-Haloperidol and *H-spiroperidol are 
commercially available. As many as 100 assays can be 
conducted in a morning. 

We thank Drs A. Prange, R. Wyatt, J. Perel, P. Slavney 
and R. DiPaulo for clinical. samples, T. Prosser for 
technical assistance and Susan M. Garonski and Carol 
Kenyon for manuscript preparation. 
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Specific localisation of neurotensin to the 
N cell in human intestine by 
radioimmunoassay and immunocytochemistry 


NEUROTENSIN, originally isolated from bovine hypo- 
thalamus’, was shown to be a peptide of 13 amino acids’. It 
has been synthesised’ and its pharmacological actions shown 
to include effects on small intestine motility, blood vessel 
tone, enhancement of glycogenolysis, release of glucagon 
and inhibition of insulin release’. Immunoreactive neuro- 
tensin has been detected in mammalian hypothalamus and a 
few other areas of the brain*~'’ but much larger quantities 
occur in the intestine’. Neurotensin has been shown in dis- 
crete cells in the ileal mucosa of various birds and mammals 
including man’*”". The cell type has recently been fully 
characterised and its identity internationally accepted (see 
ref. 16). The distribution of the peptide in man is unknown. 
Using a combination of radioimmunoassay (RIA) and 
immunocytochemistry (IC) we have found large amounts of 
neurotensin-like reactivity in human ileum with less in the 
jejunum. The immunoreactive cells are restricted to the 
mucosa. Neurotensin thus joins the growing group of pep- 
tides which are common to brain and gut. The effect of 
such peptides may differ according to their location. Neuro- 
tensin has been reported in rat blood™ and may therefore 
act as a circulating hormone. In addition, its location in the 
brain suggests a possible role as a peptidergic neuro- 
transmitter. 

Fresh samples of human gastrointestinal tract were 
obtained during surgery for various disease states and were 
later found to be histologically normal. These included body 
and antrum of stomach, duodenum, jejunum, ileum, colon, 
pancreas and gall bladder. Part of the material was fixed in 
p-benzoquinone vapour™* and part in purified glutar- 
aldehyde” for ultrastructural studies. Pairs of serial l-um 
resin-embedded sections were treated by an_ indirect 
immunocytochemical procedure with antisera to neuro- 
tensin and to one of the following peptides: somatostatin, 
glucagon, vasoactive intestinal peptide (VIP), gastrin, gastric 
inhibitory peptide (GIP) and cholecystokinin (CCK). The 
controls used included previous absorption of the antisera 
with glucagon, somatostatin, VIP, CCK, gastrin, GIP and 
neurotensin, at concentrations ranging from 2 to 25 ug per 
ml of diluted antisera. Negative staining with anti-neuro- 
tensin was obtained only after inactivation with at least 
10 ug of synthetic neurotensin per ml of diluted antibody. 
Negative staining was also obtained by the use of normal 
rabbit serum instead of immune serum. 

For radioimmunoassay a part of each surgical sample was 
extracted by boiling for § min in distilled water and two 
homogenisations. The tissue was then further extracted in 
0.1M formic acid. Both water and acid extracts were 
assayed at 10-fold serial dilutions. Antibodies for immuno- 
cytochemistry and radioimmunoassay were raised in rabbits 
to synthetic neurotensin coupled by carbodiimide to bovine 
serum albumin and by glutaraldehyde to bovine thyro- 
globulin, ‘*I-Neurotensin was prepared by chloramine T 
Oxidation and was stable at —20 °C for several months. The 
assay was Sensitive to 10 pmol per tube and showed no cross 
reaction with any other gut hormone. Antibody interference 
by nonspecific effects was negligible, but was anyway 
unlikely because the assay sensitivity necessitated assay of 
extracts only in considerable dilution. 

Many endocrine cells, stained solely with antibodies to 
neurotensin, were located in a restricted area of the gut, 
being especially numerous in the ileal mucosa. Their 
number diminished as the jejunum was reached and they 
were extremely sparse in the duodenum. Neurotensin 
immunoreactive cells were not detected in the mucosa of 
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stomach, pancreas or colon, or in any structure in the other 
layers of the gut wall. They were situated in the upper two- 
thirds of the villi (Fig. la) and were often seen to com- 
municate with the intestinal lumen by means of microvilli 
(Fig. 15). The cells were oval in shape and their secretory 
granules, located mainly in the basal parts of the cell (Fig. 
15), had an average size of 300 nm and a closely attached 
membrane (Fig. Ic). The neurotensin immunoreactive cells 
were not members of the argentaffin subgroup of APUD 
cells” since they were unstained with the Masson silver 
impregnation technique. 

When serial l-um sections were stained with antibodies 
reacting with enteroglucagon (EG) and VIP the positive 
cells were completely distinct from those stained by the 
neurotensin antibodies. The EG-positive cells contained 





Fig. la, l-um Araldite section stained for neurotensin. Arrow 
marks positive cell. A, gut lumen; B, lamina propria. x625. 
b, Serial 40-nm section showing same cell at EM. Arrow marks 
cell. A, gut lumen; B, lamina propria. x 4,000. c, High magni- 
fication of cell to show detail of secretory granules. x 14,000. 
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round granules with a mean diameter of approximately 
260 nm and a closely attached membrane, which thus were 
considerably smaller than those of the N cell. The VIP- 
positive cells varied in shape and contained much smaller 
granules with a mean diameter of 120nm and a closely 
attached membrane. 

Thus neurotensin is confined to a single type of endocrine 
cell which has previously been overlooked in ultrastructural 
studies because of confusion with the EG(L) cells”. With 
the application of electron immunocytochemical methods it 
can now be seen that the cell contains granules of a type 
distinct from those of the other endocrine cells in the ileal 
mucosa. 

Neurotensin immunoreactivity was detected by radio- 
immunoassay in high concentration in the ileal mucosa with 
lesser quantities in the jejunal mucosa (Table 1). Very much 
smaller quantities were found in whole thickness extracts 
of the wall of the stomach, duodenum and colon. It was 
undetectable in the pancreas and gall bladder. 
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Table 1 Neurotensin immunoreactivity in various tissues 


Neurotensin 

(pmol per g wet weight) 
Stomach (6)* full thickness 0.27 +0.03 
Duodenum (7) full thickness 0.24 +0.10 


Jejunum full thickness (2) 0.80 (1.19, 0.42) 


mucosa (3) 2.82 (4.62, 1.78, 2.07) 
Ileum full thickness (2) 12.0 (7.57, 16.4) 
mucosa (3) 16.2 (23.1, 19. 0, 6.5) 
Colon (4) 0.50+0.19 
Gall bladder (3) < 0.03 
Pancreas (2) < 0.03 
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Values are means + s.e.m. 
*No. of determinations. 


Neurotensin was originally extracted from the hypo- 
thalamus’, and its function there is no more clear than in 
the gastrointestinal tract. The morphological features of the 
neurotensin cells, which have microvilli and secretory 
granules located at the vascular pole, suggest they are sen- 
sitive to changes in the gut lumen which may thus provide 
the stimulus for the release of the peptide, presumably, 
because of the basal distribution of the neurotensin granule, 
directly into the circulation. This view is supported by the 
finding of neurotensin in rat plasma“. The restricted 
localisation of the peptide suggests that it may play a precise 
part in the sequence of post-digestive processes. 

We thank Professor Enrico Solcia for useful discussions. 
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Hydration effects on the 
photocycle of bacteriorhodopsin 
in thin layers of purple membrane 


Tue purple membrane of Halobacterium halobium acts as a 
light-driven proton pump, producing a transmembrane proton 
gradient which is coupled to ATP synthesis!, and to phototaxis* 
in the intact bacteria. It contains a single type of protein, 
bacteriorhodopsin (BR) which spans a 45-A membrane. The 
isolated purple membranes are flat oval sheets with an average 
diameter of 0.5 um (refs 3, 4). Bacteriorhodopsin contains a 
retinal molecule (all-trans and 13-cis)® which is covalently 
bound via a protonated Schiff base to a lysine residue. It 
undergoes a photocycle described by the following scheme®~*: 
BRi rans > “590° ~> ‘550 -> “412” (660) 

where proton ejection to the bulk solution occurs on the route 
‘550 -> ‘412’ (refs 9, 10), whereas protonation of the bacteriorho- 
dopsin takes place parallel to the ‘412’ — BRivien 
process!!, It has been reported that the reconstituted BRi3%., 
undergoes a cycle which involves the ‘X? and the ‘610’ inter- 
mediates!?. It was demonstrated that proton transfer is a 
vectorial process where the proton is ejected from one side of the 
purple membrane and reprotonation takes place on the other 
side!®, We present here results on the effects of the specific 
hydration of the purple membrane on the relaxation times of 
‘412’ and on the formation of the ‘660° and ‘610’ intermediates. 
The results demonstrate that the full photocycle of bacteriorho- 
dopsin can be observed in thin purple membrane layers even at 
the lowest hydration state and that the amount of absorbed 
water is rate limiting for the molecular process of the cycle. 

Purple membranes were isolated from AH. halobium (mutant 
NRL R,M,)°*. Thin layers of purple membrane were prepared 
by drying concentrated suspension (3.5 x 10~*M) of the purple 
membrane in water (pH 7.2), on a glass slide. The drying was 
performed at atmospheric pressure, 45% relative humidity and 
25 °C. The average thickness of the preparations was 1-3 um as 
determined by scanning electron microscopy. Variable degrees 
of hydration of the purple membrane were obtained by equili- 
brating the samples with different relative air humidities pro- 
duced by saturated salt solutions“, The glass slide with the 
preparations was inserted in a 1 x 1 cm cuvette and incubated 
in a desiccator at the required specific humidity for about 24 h. 
Before measurement the cuvette was immediately sealed within 
the desiccator with a Teflon plus Parafilm cover. The limit of 
dryness, obtained by drying the membrane at 10~° torr for 
approximately 4 h, was defined as the 0% relative humidity 
state. 

Flash photolysis spectroscopy of thin-layer preparations of 
purple membrane show that bacteriorhodopsin undergoes a 
complete photocycle, involving the same intermediates charac- 
teristic of suspended purple membrane fragments in water. But 
the decay time of the ‘412’ intermediate as well as the for- 
mation of ‘660° and ‘610° intermediates are determined by the 
specific hydration state of the membrane. Preparations equili- 
brated with 94° relative humidity show the same kinetics and 
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include the same transients as in purple membrane fragments 
suspended in water (Table 1). The relaxation times for ‘412’ 
decay are slowed down by lowering the hydration state of the 
preparation (Fig. 1). The kinetics of ‘412° decay are analysed in 
terms of the sum of two or three exponentials (Fig. 2), The 
relaxation times and their relative amplitudes, at different 
hydration states, are given in Table 2. The initial values for the 
relaxation times and their corresponding amplitudes were 
obtained first graphically and then were optimised by a least 
square program (Harwell Subroutine Library, WCOSA). 
Essentially the same results were obtained when the initial 
values were calculated by a computer program (K. H. Mueller 
and T. Plesser, unpublished), within the frame of a non linear 
approximation’®:!®, The thermal decay kinetics of ‘412’ could 
be enhanced by a factor of 15 when photobleached with 
412-nm light at 0% relative humidity, in accordance with 
earlier experiments carried out with suspended purple 
membrane", 

The ‘660° and ‘610° intermediates are not formed at relative 
humidity lower than 90°. Moreover, the 660-nm intermediate 
cannot be detected at pH higher than 8 (in a solution of 4M 
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Fig. 1 Oscilloscope traces obtained in flash photolytic measure- 
ments of thin purple membrane layers, kept in various hydration 
states. The traces represent the decay kinetics of ‘412° nm inter- 
mediate formed by a linearly polarised light pulse from a rhoda- 
mine 6G laser at 585 nm of I us duration. The samples were 
excited at right angles to the analysing light, where the plane of 
the thin purple membrane layers formed an angle of 45° both 
with the exciting and the analysis light axes. The amplified output 
of the photomultiplier passed through a variable RC filter to a 
digital scope, where the filter setting was such as to provide filter 
relaxation time equa! to 0.05°% of the oscilloscope’s total time 
sweep width. The transient changes of *412’ were recorded directly 
in absorbance units by the use of a lin-log converter. The flash 
experiments were performed with thin purple membrane equili- 
brated with the following relative humidities: a, 94%: b, 90%: 
c, 83%; d, 75%; e, 43 765 fa T. 


NaCl), or when suspending purple membrane in water- 
glycerol mixtures. In addition it has been shown that the 
formation of the ‘660° invermediate is temperature dependent?*. 
Thus, the formation of this intermediate can serve as an 
internal probe of bacteriorhodopsin to environmental con- 
ditions, such as temperature, pH or relative humidity, The 
hydration effects were found to be fully reversible and each 
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Table 1 Relaxation time constants (ti) of the ‘412’, ‘660 
and *610° intermediates 


; Purple membrane Thin purple 
Intermediate in water* membrane layers} 
(t, ms) (t, ms) 
‘442° 1.7 +-0.6 (0.21 +0.13) 1.8 -4-0.2 (0.3 --0,07) 
$.0-4 0.8 (0,79 -4 0. I 3) 5 4 zir 0.9 (0.69 4 0.07) 
"660 5.4+0.4 5.6 40.6 
HIP 48-2] 46.0 3.4 


: 


The relaxation time constant is defined by 4 (1) = Aje" t, where 


the absorbance change is the sum of exponential terms. The relative 


amplitudes are given in brackets near the corresponding relaxation 
time constants, The experiments were done at room temperature 


(2241 °C), 


*Suspended purple membrane in water at pH 7.2. . 
*Thin purple membrane preparation equilibrated with 94 “4 relative 
humidity. 


sample was recycled through the various hydration states 
several times without noticeable irreversible changes. 

The results show that the amount of adsorbed water on the 
purple membrane determines the relaxation times of the ‘412’ 
decay. The changes in hydration cause a change of the re- 
laxation times over four orders of magnitude (Table 2). It 
should be added that the rate of the photoactivated formation 
of the intermediates in the pathway leading to ‘412’ is only 
changed to a minor degree as a function of the state of hydra- 
tion. The observed three relaxation times suggest that 
bacteriorhodopsin undergoes either a three-step conforma- 
tional change along with the ‘412’ —- BR®5?° transition or that 
‘412° populates three conformations which decay to that of 
BR°. A similar interpretation was suggested earlier for the 
biphasic decay of ‘412’ (refs 17, 19). 

These effects could in principle be accounted for by a rate- 
limited diffusion of protons due to the amount and structure of 
the conducting water layers on the purple membrane or by a 
reversible conformation change induced by the hydration 
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- Fig. 2 Evaluation of data from Fig. id. The transient absorption 
A (1) is expressed as a sum of exponentials by A(t) == Atti, 
where A; is the amplitude of the t; relaxation time constant. 
Closed circles represent the original data points and crosses 
represent the calculated data points using ti, ta and t 3 as the 

| relaxation time constants. 
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Table 2 Relaxation time constants and amplitudes of the decay kinetics of “412° intermediate in thin layer preparations of purple membrane 
equilibrated in various relative air humidities 


sca pa em mimeo ETE 


Relative air 
humidity (24) Ti 


90 3.5 +-0.4 ms; (0.63 +-0.05)* 
75 30.5-+7.0 ms; (0.11 4+.0.04) 
43 244 +100 ms; (0.30 -+-0.06) 
10 0.9-+-0.25; (0.28 4-0.11) 
Q 2.3 4-07 S; (0.28 sfe 0.03 


15.744.558; 





umi 


Ta Ta 
13.1 1.1 ms; (0.37 +0.03)* a2 
45 +.3.3 ms; (0.52 +-0.02) 2524-26 ms; (0.31 4-0.05)* 
124 fe 33 ms; (0.56 +0 08) 503 ae Lt] msi (0.33 ae 0.08) 


(0.35-0.06) 28 +88: 


FO a e RR ac 


(0.32 +-0.03) 


crn npn nn rrr 


* Amplitudes are shown in parentheses. 


degree of the purple membrane. The possibility of a diffusional 
rate-limited proton transfer could be disregarded, however, as 
it would have imposed a continuous spectrum of relaxation 
times which is inconsistent with the observed data. The possi- 
bility of extreme pH changes due to changes in the amount of 
adsorbed water can be ruled out, since no spectral shifts of the 
absorption spectrum of the thin purple membrane layers were 
observed at different hydrations where a blue shift of the 
spectrum is expected at high pH and a red shift at low pH 
(ref. 20 and our unpublished data). A contribution of surface 
electrical potential changes of the purple membrane suspended 
in water was analysed by using high ion concentrations (1-4M 
NaCl) and increasing the pH up to 9. In this extreme case the 
decay of the ‘412’ was only slowed down by a factor of 50. 

Although changes in hydration were shown to control the 
conformation of proteins”!, X-ray diffraction studies‘ of wet 
and dry specimen of the purple membrane have not shown any 
significant differences, possibly due to the fact that local 
changes might escape the sensitivity of the method applied 
with a 7-A resolution. Indeed, hydration-induced conforma- 
tional changes might be expected to occur in much smaller 
dimensions. Hydration can act either on the immediate en- 
vironment of the retinal or through inducing a conformational 
change in the protein which is then transmitted to the retinal- 
protein interaction region. A possible induced conformational 
change may also involve an increased formation of internal 
hydrogen bonding on dehydration, competing for proton 
transfer, or a conformational induced pK shift of the terminal 
amino acids. It should be noted that the dehydration process 
may bring about a large change in the dielectric constant in the 
vicinity of the proton acceptor. Such a change can shift the 
pK by two to four units?? and thus change the kinetics by 
orders of magnitude. Variation of the hydration state of the 
purple membrane may change the microviscosity of the lipids 
or even bring to phase separation. The influence of the lipid— 
protein interaction on the photocycle must be of a secondary 
importance, however, because no significant difference was 
found in the kinetics and in proton uptake of proteoliposomes 
prepared from lipid-depleted protein and from native purple 
membrane**. The conformation change is further supported by 
the observation of a decoupling of the cis—trans isomerisation 
process as a function of hydration™, as well as by the photo- 
chemical bleaching of the ‘412° intermediate even at the lowest 
humidity state. In addition, dehydration of vertebrate rhodopsin 
was found to stop the meta I- meta II transition®®. Thus in 
both bacteriorhodopsin and in rhodopsin those conformational 
changes which involve both protonation-deprotonation re- 
actions and large enthalpy change are those which are most 
effected by dehydration. 

These results stress the importance of the state of hydration 
in bacteriorhodopsin, presumably as a conformation-con- 
trolling event, which might be of general significance for 
energy transducing membranes especially in the case where 
deprotonation and protonation processes, coupled to con- 
formation changes are an inherent part of the energy trans- 
formation process. The results also indicate that the photo- 
chemical reaction is independent from the state of the bulk 


solution and is only influenced by the microenvironment of the 
reaction system which operates in a state of quasi isolation. 
We thank Mrs Renate Miiller for technical assistance and Dr 
D. Kuschmitz for helpful discussions. 
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Detection of carcinogen-DNA 
adducts by radioimmunoassay 


COVALENT binding of carcinogen to nucleic acids is believed to 
be an essential component of the carcinogenic process’, so it is 
desirable to have highly sensitive and specific methods for 
detecting such adducts in cells and tissues exposed to known 
and suspected carcinogens, We describe here a radioimmunoassay 
(RIA) capable of detecting nanogram amounts of DNA 
adducts resulting from the covalent binding of the carcinogen 
N-2-acetylaminofluorene (AAF). AAF and its activated deriva- 
tive N-acetoxy-AAF (N-Ac-AAF) are potent carcinogens” and 
mutagens®*, and transform cells in cultures". DNA obtained 
from rat liver following in vive exposure to AAF, and DNA 
exposed in vitro to N-Ac-AAF contain as the major (80 ey) 
adduct N-(deoxyguanosin-8-yl)-acetylaminofluorene (dG-8- 
AAF)'~ and a minor (20°) adduct 3-(deoxyguanosin-N* “yl)- 
acetylaminofluorene (dG-N*-AAF)'’. These two types of 
modification produce markedly different conformational effects 
on the DNA helix?=42, The major adduct, recognised by 
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single strand-specific nucleases in vitro and DNA repair 
enzymes in vivo"! was used as the immunogen in this study. 
Guanosine (Sigma) and N-Ac-AAF (Midwest Research 
Institute), each at 4.6 mM in 30°. ethanol, were incubated for 
24h at 37°C, The resultant N-(guanosin-8-yl)-acetylamino- 
fluorene (G-8-AAF) was separated from the reaction mixture 
using a 20-100° methanol gradient on Sephadex LH-20 


(Pharmacia) and rechromatographed until it gave a character- 
istic absorption spectrum’. The purified product (9 mg) was 
coupled to bovine serum albumin (BSA, 35 mg, Sigma) by 
NalO, oxidation followed by NaBH, reduction", yielding 
3.5 mg of covalently bound G-8-AAF (Zg9, = 1.5 x 104), Three 
rabbits were immunised with G-8-AAF-BSA initially in com- 
plete and then in incomplete Freunds adjuvant at weeks 0, 1, ce 
12, 15, 17 and 23. Injections of 0.3 mg hapten were given 
intramuscularly in the hind Jegs. Blood was taken from the ear 
veins before immunisation, at } and 2 months, and weekly 
between 2 and 5 months. All three rabbits produced high levels 
of antibody by 4 months when assayed by RIA. 

For RIA, the tracer, “H-dG-8-AAF (6 Ci mmol!) was 
synthesised from N-Ac-AAF and deoxyguanosine (8,5’-°H, 29 
Ci mmol~!, NEN), as described above for G-8-A AF. During 
chromatography on Sephadex LH-20, an initial small radio- 
active peak, (the presumed dG-N2-AAF®*’), was discarded and 
the major radioactive peak (dG-8-AAF) was collected and 
rechromatographed twice on Sephadex LH-20. A standard 
curve for RIA was constructed by competing the 7H-dG-8-AAF 
with unlabelled G-8-AAF or dG-8-AAF, both of which com- 
peted equally well. High-titre serum was diluted at least 1:300 
(Fig. 1). For equilibrium conditions, *H-dG-8-AAF, antiserum 
and inhibitor were incubated at 37°C for 2 h, followed by goat 
anti-rabbit-IgG (GAR-IgG, Miles) at 22°C or 4°C for a mini- 
mum of | h. After centrifugation the supernatent was discarded 
and the pellets were dissolved in 0.1 M NaOH and counted. In 
these conditions 5-6 ng of unlabelled standard gave a 5097 
inhibition of antibody-bound label. The standard curves were 
analysed by computer program, RLAPROG", which confirmed 
the linearity of the RIA by Scatchard plot. An alternate method 
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Fig. 2 RIA of N-Ac-AAF-modified and non-modified M. luteus 
DNA in differing physical circumstances. M. luteus DNA 
(32 mg, Miles) was heated to 100 °C for 10 min, cooled rapidly in 
ice and incubated with 36 mg of N-Ac-AAF in 17° ethanol 
in SSC (total volume 42 ml) for 18h at 37°C. The reaction 
mixture was extracted seven times with either, reprecipitated 
with 70° ethanol to a stable Asqs/Aery, and collected by 
centrifugation (150,000g, 4 °C, 48h). Conditions for the RIA, 
using G-8-AAF as standard, were as in the legend to Fig. l 
Modified (©) or unmodified (@) DNA were assayed without 
further treatment (--—-), after heating to 100°C for 10 min 
(—- -= —) or after enzymatic digestion (———~), The enzymatic 
digestion was performed as follows: samples containing 500 ug 
DNA were incubated per 0.5 ml of reaction mixture, with 20 
units DNase I (Worthington), 5 pmol Mg.SO, and 30 pmol 
sodium acetate pH 5.5, at 37°C for 4h. The pH was then 
adjusted to 8.5 with (NH,).CO, and 20 units venom phos- 
phodiesterase (VP, Worthington) and 1.5 units alkaline phos- 
phatase (AP, BAPC, Worthington) were added to | ml of reaction 
mixture followed by incubation for 18 h at 37 °C. After boiling 
for 10 min to denature the enzyme protein, samples were cooled 
on ice, centrifuged (5,000g, 4°C) to remove the protein pre- 
cipitate and the supernatant diluted in 0.01 M Tris PH 7,6 for 
RIA. The actual ng of dG-8-AAF per ng DNA were determined 
by comparing the values for % inhibition with a simultaneously- 
run standard curve similar to Fig. 1. The amount of DNA was 
calculated from daso, by diphenylamine® reaction and by a 
fluorescence assay”, all of which agreed within 10°%. 
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anti-rabbit-lgG (GAR-IgG, Miles) was diluted 1:2 in water and 
0.1 ml added per tube. After incubation for an additional hour at 
22 C or 4 C, the precipitate was collected by centrifugation, 
dissolved in 0.2 ml 0.1M NaOH. and counted in Aquasol-2 
(NEN), in a Beckman LS-250 scintillation counter, Two to four 
replicates were assayed per point and values agreed within + 5°. 
A blank of about 800 ¢.p.m., obtained with non-immune serum, 
was subtracted from each assay. Concentrations of diluted anti- 
serum or purified antibody were chosen such that about 10,000 
¢.p.m. were bound in the absence of an inhibitor, and this value 
was taken as 100%. 
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for increasing the sensitivity of the assay is the use of non- 
equilibrium conditions, in which the labelled hapten is added 
for much shorter periods of time, thus enhancing the competi- 
tion of the test compound. Antibody and unlabelled standard or 
inhibitor were incubated for 2 h at 37 °C and cooled to 4 °C for 
10 min. Tracer was then added, followed 5 min later by GAR- 
IgG and samples kept at 4 °C for 45 min before centrifugation. 
In these conditions | ng of either G-8-AAF or dG-8-AAF gave 
a 50% inhibition. 

Using the RIA at equilibrium conditions the specificity of the 
antiserum was tested against deoxyribonucleosides, AAF and 
related compounds. As shown in Fig. 1, whereas 2-5 ng of 
G-8-AAF produced a 50° inhibition, up to 100 ug of dG was 
inactive. N-Ac-AAF as well as AAF and N-OH-AAF (data not 
shown) produced a slight inhibition only at a very high con- 
centration, and up to 100 ug of dT, dA, and dC were totally 
ineffective (data not shown), 

Antibody specific to G-8-AAF was purified from the above 
antiserum by affinity chromatography. Agarose-adipic 
hydrazide (Miles) was coupled covalently to G-8-AAF by 
NalO, oxidation'’, yielding 3 umol G-8-AAF per ml! packed 
Agarose. Antiserum was passed through the column and 9 ef. of 
the antibody activity remained bound. Elution was accomplished 
either by alternate washes with 0.2 M glycine pH 2.5, and 0.01 M 
Tris pH 7.6, or with a 5-7 M urea gradient, increased stepwise. 
The purified antibody showed greater sensitivity for G-8-AAF 
(2.5 ng gave 50%, inhibition at equilibrium) than the un- 
fractionated antiserum, and the same specificity as the diluted 
antiserum with respect to nucleosides and AAF derivatives 
(Fig. 1). The amount of purified antibody recovered was 
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equivalent to 20% of the binding capacity of the starting 
antiserum. 

To define further the specificity and sensitivity of the RIA, 
the G-C rich DNA from Micrococcus luteus was extensively 
modified by reaction with N-Ac-AAF in vitro as described in 
Fig. 2. The amount of dG-8-AAF, when determined by A 495, 
indicated that 28°, of the nucleotides contained covalently- 
bound AAF residues. A similar high degree of modification, 
representing 70-80% of G substitution, has been previously 
reported for M. luteus DNA reacted with N-Ac-AAF*®. But, 
when assayed initially by RIA this DNA gave values indicating a 
1.6°% modification (Fig. 2). If the DNA was denatured by 
heating before RIA, values indicated a 5.5%, modification. 
Finally, when the DNA was hydrolysed enzymatically and the 
digest assayed by RIA, a 27%, modification, corresponding 
closely to that predicted by the spectral method, was observed 
(Fig. 2). Thus the antibody recognises only a fraction of the 
dG-8-AAF residues in intact DNA but quantitative detection is 
obtained when the DNA is hydrolysed. The 1.6%, modification 
observed before heat-denaturation or hydrolysis might be due 
to partially denatured regions or AAF binding near the ends of 
DNA strands. These results are consistent with evidence that 
most of the covalently-bound AAF residues lie inside the 
polynucleotide structure stacked with adjacent bases'! and, 
therefore, presumably shielded from optimum interaction with 
the antibody. It is of interest that antibodies to other naturally 
occurring modified nucleosides recognise residues in denatured, 
rather than native, DNA?~?*, 

This RIA has also been useful in detecting the extremely low 
levels of carcinogen modification of DNA that occur in in vitro 
conditions. As shown in Table 1, when cultured primary mouse 
epidermal cells were exposed to 107*-107° M N-Ac-AAF, a 
concentration-dependent increase in binding of AAF to cellular 
DNA was detected by the RIA. The results shown were re- 
produced in four separate experiments, although the extent of 
binding varied by a factor of 2 with different batches of primary 
cultures. Factors contributing to this type of variability with 
primary epidermal cell cultures have been previously discussed**. 
At an exposure concentration of 10~° M the amount of dG-8- 
AAF detected in three experiments (data not shown) ranged 
from 3.5 to 10 pmol dG-8-AAF per mol DNA-P. These values 
are similar to those reported for binding measured by the specific 
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Table 1 Detection of dG-8-AAF by RIA in DNA from cells exposed 


to N-Ac-AAF 
sansa lt ae tli a EEE EE E A See a 
Concentration of Content of dG-8-AAF 
N-Ac-AAF Exp | Exp 2 
ng per 100 ug pmol per ng per 100 ug pmol per 

DNA mol DNA-P DNA mol DNA-P 
1.0«10°5M 0.57 3.5 NT ~ 
15x10 M *2,.56-+0.6 15.6-3.5 1.6 9.7 
5.0x107-°M 5.44 33.1 +2.44 -4-0.2 14.8 +0.8 
50x10 M 13.40 81.5 6.28 38.2 


Primary BALB/c epidermal cells were prepared from newborn 
mice?!28, and 2.4108 cells were plated in roller bottles (Bellco, 
825cm?). On day 3, the indicated concentration of N-Ac-AAF 
dissolved in dimethylsulphoxide (DMSO) or DMSO alone, was 
added to the medium for I h at 37°C, after which the cells were 
collected and DNA isolated and purified as previously described”. 
The DNA was then hydrolysed enzymatically as described in Fig. 2 
and duplicate aliquots containing approximately 25 ug of DNA and 
50 pg of DNA (0.025 and 0.05 ml respectively) were assayed by 
RIA using non-equilibrium conditions (see text). Identical results 
were obtained at both DNA concentrations. A standard curve 
was constructed from equivalent amounts of untreated and hydro- 
lysed BALB/c epidermal DNA to which were added known nanogram 
quantities of dG-8-AAF. Control DNA from cultures not exposed 


not tested. 
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activity of DNA following the exposure of mouse 3T3 cell 
cultures to 107° M @C-N-Ac-AAF for 1 h (ref. 25). 

These results indicate that the covalent binding of a chemical 
carcinogen, AAF, with nucleic acids can be readily detected by 
RIA with a specific antiserum to the carcinogen—nucleoside 
adduct. The complete cross-reactivity between G-8-AAF and 
dG-8-AAF was to be expected since the bovine serum albumin 
carrier was linked through the 2’ and 3’ OH groups of the ribose. 
It is remarkable that our antiserum specifically recognises the 
AAF-nucleoside complex, but not free AAF, or nucleoside. 
This specificity is of particular importance for a carcinogen 
like AAF where two guanosine adducts have been described. 
Our antigen contained only the C-8 adduct, so it is likely that 
our antibody detects mainly the corresponding adduct in DNA. 
Studies are in progress to determine whether or not there is 
significant cross-reactivity with dG-N*-AAF. It is possible that 
each type of adduct will have immunological specificity and 
can be independently assayed with high sensitivity during the 
process of AAF carcinogenesis. The usefulness of this immuno- 
logical approach may be extended to other types of studies and 
other classes of carcinogens. Experiments to measure removal 
of carcinogen by DNA repair processes are in progress, and 
assays for the possible covalent binding of suspected environ- 
mental carcinogens to human tissues should also be feasible. 
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Specific poly-A-binding protein of 76,000 
molecular weight in polyribosomes is not 
present on poly A of free cytoplasmic mRNP 


CYTOPLASM of animal cells contains mRNA associated with 
ribosomes (in polysomes) and mRNA free of ribosome 
attachment. Both classes of mRNA occur as ribonucleo- 
protein (mRNP) complexes’. The role of the untranslated 
pool of free mRNA (referred to as informosomes’) is 
uncertain. They represent the form in which mRNA exists 
in transit from the nucleus to the cytoplasm awaiting 
association with ribosomes’, and in addition the pool of 
free cytoplasmic mRNA contains inactive (or inactivated) 
and storage forms of mRNA‘. It has been established 
that most of the polysomal mRNP complexes contain pre- 
dominantly two proteins with approximate molecular 
weights (MW) of 49,000-52,000 and 73,000~—78,000 
respectively’”*. It is generally accepted that the larger of 
these proteins is attached to the 3’ poly A tail of 





MW x 103 





Fig. 1 Autoradiograph of a polyacrylamide gel showing patterns 
of proteins present in oligo dT-cellulose-purified polyribosomal 
and informosomal mRNP from Ehrlich ascites tumour cells. 
Ehrlich ascites tumour cells were labelled with ™S-methionine 
in the presence of low concentrations of actinomycin D and 
ethidium bromide (0.04 ug ml~! and | ug mi-', respectively) as 
described previously’*, Polyribosomes were pelleted through a 
2M sucrose layer containing 0.5 M KCI and free cytoplasmic 
mRNP was pelleted from the post-ribosoma! supernatant in the 
presence of 0.5M KCI by a 24-h centrifugation at 200,000¢. 
The polyribosomes and informosomal mRNP pellet were 
suspended in a 200 mM NaCl, 50 mM Tris-HCl, pH 7.8, 10 mM 
EDTA solution containing 0.2°% Nonidet-P40 and applied onto 
an oligo dT-cellulose column. Elution of the adsorbed mRNP 
particles was as described by Lindberg and Sundquist”. The 
formamide eluted mRNP particles were analysed by electro- 
phoresis in sodium dodecylsulphate (SDS) on 7-18% poly- 
acrylamide gradient gels] Channel 1, *S-labelled proteins 
present in polyribosomal mRNP. Channel 2, *°S-labelled proteins 
presgnt in informosomal mRNP. The indicated MWs were 
extrapolated from the positions of marker proteins (not shown): 
phosphorylase b (MW 92,000), bovine serum albumin (68,000), 
ovalbumin (45,000), a eal Fo (20,000) and cytochrome c 
(12,000). 
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Fig. 2 Zonal centrifugation profiles of EDTA-dissociated poly- 
ribosomes (a) and of informosomes (b) from rabbit reticulocytes. 
Polyribosomes were isolated from rabbit reticulocyte lysates and, 
after washing with 0.5 M KCI, were suspended in 10 mM Tris- 
HCI, pH 7.4, containing 30 mM EDTA. The post-polysomal 
supernatant of the lysate was centrifuged for 24h at 78,000g. 
The pellet, containing the informosomal mRNP was suspended 
in 10 mM Tris-HCl, pH 7.4. About 2,000 Aso units of each 
sample (EDTA-treated polyribosomes and informosomes) were 
applied onto 0-42% (w/w) zonal sucrose gradients in 10 mM 
Tris-HCI, pH 7.4. The mixing volume was 750 ml and overlayer 
and sample volumes were 550 and 50 ml, respectively. 180 ml of 
the gradient was used in the overlayer. Centrifugation was carried 
out at 35,000 r.p.m. for 21 h at 4°C using the IEC B29 rotor. 
The gradient was analysed at 260 nm (2-mm flow cell) with a 
continuous monitoring system and the part of the gradient 
containing the mRNP particles (hatched area) was pooled. 


mRNA, We present evidence here that the poly A 
segments of non-polysomal mRNA of Ehrlich ascites 
tumour cells and of rabbit reticulocytes—in contrast to 
the polysomal poly A segments'*""—do not contain the 
76,000 MW protein. 

Ehrlich ascites tumour cells were labelled with ”S-methio- 
nine in the presence of low concentrations of actinomycin 
D and ethidium bromide. In these conditions the proteins 
present in mRNP complexes were labelled whereas little 
radioactivity was incorporated in the proteins of high salt 
washed polyribosomes’, The oligo dT-cellulose procedure 
of Lindberg and Sundquist’ was used to purify the poly 
A-containing mMRNP present in polyribosomes and inform- 
osomes. The 50%, formamide eluate was analysed by 
sodium dodecylsulphate—polyacrylamide gel electrophoresis" 
followed by scintillation autoradiography. The result is 
shown in Fig. 1. The high degree of similarity between the 
protein patterns of both classes of mRNP particles is 





190 
-g pme = 
ce. &: 4-5 


Fig. 3 Electrophoretic analysis of the products of in vitro 
translation of purified informosomal 155 mRNP and 9S poly- 
somal and informosomal mRNA from rabbit reticulocytes. A 
cell-free system from Ehrlich ascites tumour cells growing In 
suspension culture’? was prepared as described by Hunt® and 
treated with micrococcal nuclease as described by Pelham and 
Jackson**. Purified polysomal and informosomal 9S mRNA and 
155 informosomal mRNP were added to the incubation mixture 
(25 ul) containing 15 pl Ehrlich ascites extract and 2 pl nuclease 
treated 0.5 M KC! wash of rabbit reticulocyte polyribosomes 
(initiation factors). Haemin (25 pM) and other ingredients in the 
concentration described previously*’ were added. Incubation 
was for | h at 30 C. Part of the incubation mixture was boiled 
in SDS-sample buffer and loaded onto 13%, (w/v) slab gels in a 
buffersystem described by Weber and Osborn®*. Slab gels were pre- 
pared for scintillation autoradiography asdescribed before**.Chan- 
nell, products synthesised by polyribosomal 9S mRNA. Channel 2, 
product synthesised by mRNA isolated from purified informo- 
somal mRNP. Channel 3, product synthesised by purified 
informosomal mRNP. one 4, labelled a- and B-globin 
markers. 


apparent. But, the predominant 76,000 component present 
in polysomal mRNPs_ was absent in newly-synthesised 
informosomal mRNPs. Exhaustive degradation of informo- 
somes from these cells with ribonucleases released poly 
A-protein complexes containing stretches of poly A of 
about 90-110 adenyl residues and a predominant 
84.000 MW protein’. (In a Laemmli gel as has been used 
in this work this protein was visible as a double band 
around 89,000 MW (Fig. 1, slot 2).) The fact that the 
poly A segments of these newly-synthesised mMRNPs were 
considerably longer than the polysomal poly A segments in 
these cells (about 70 adenyl residues'’) is an indication that 
we were dealing with young ‘transit?’ mRNPs in contrast 
to old inactive forms of mRNPs with smaller poly A 
segments”. 

To establish whether the old inactive forms of 
informosomal mRNPs also lack the specific poly A-binding 
protein of 76,000 MW, polysomal and informosomal mRNP 
were isolated from rabbit reticulocytes. These cells 
synthesise predominantly the a and B chains of haemo- 
globin which are encoded by a 9S mRNA. Another charac- 
teristic of these cells is that the free cytoplasmic 9S MRNA 
primarily codes for the a globin chain**’. It represents 
mainly old mRNA characterised by a relatively small poly 
A segment”. 

Reticulocyte polyribosomes and informosomes were iso- 
lated as described in Fig. 2 legend. The polysomal mRNP 
sedimented as a 15S particle (Fig 2a), while the free cyto- 
plasmic mRNP had S-values ranging from 15 to 20S (Fig. 
2b). Both classes of particles contained 9S mRNA that 
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could be adsorbed on oligo dT-cellulose and eluted with a 
low salt buffer as described by Aviv and Leder**. The 
presence of a poly A tail in the informosomal mRNP was 
further established by hybridisation with *H-poly U (ref. 24) 
(data not shown). 

Translation of the polysomal and informosomal mRNP 
and their respective mRNA was performed in a cell-free 
system prepared from Ehrlich ascites tumour cells” treated 
with micrococcal nuclease as described by Pelham er al.”. 
Figure 3 shows that polysomal 9S mRNA coded for a and 
B globin, a result that is in agreement with various earlier 
reports. The major product synthesised by the informosomal 
mRNP and its 9S mRNA was @ globin (slot 3 and 2, 
respectively). The fact that free cytoplasmic mRNA 
(mRNP) from rabbit reticulocytes coded primarily for the 
a globin chain has been described earlier™'™ and corrobo- 
rated the assumption that our 15-20S mRNP preparation 
was not significantly contaminated by polysome derived 
mRNA (or mRNP). The observation of Civelli ert al.** that 
duck erythroblast informosomes are not translated (in a 
wheat germ cell-free system), suggests that unknown com- 
ponents in the cell-free system are required for translation 
of these particles. 

The protein composition of the 15S polysomal and 15-20S 
informosomal mRNP particles is shown in Fig. 4. Molecular 
weights were calculated using a series of marker proteins 
with known MW. In the polysomal mRNP the 76,000 MW 
protein and two proteins around 50,000 MW were promi- 
nent. A series of about six bands between 24,000 and 
34.000 MW (four of them more prominent) was also a 
characteristic feature of the mRNP composition. The latter 
series of six bands was also present in informosomal mRNP 
It is clear, however, that the 76,000 MW protein is not 
present although the informosomal mRNA contains a 3’ 
poly A tail (see above). The protein bands around 
58,000 MW (consisting of at least three proteins as could 
be seen in more clearly separated electrophoresis patterns) 
visible in slot D were removed when 15-208 informosomes 
were washed with 0.5 M KCI. The particles then were con- 
verted into predominantly 15S mRNP particles containing 
a 9S mRNA and the series of six bands which were 
probably proteins more firmly attached to the MRNA 
(slot i). 

We conclude that poly A-containing informosomal 
mRNA in Ehrlich ascites tumour cells and in rabbit reticu- 
locytes do not contain the 76,000 MW protein which in 
these and most other cells is associated with the poly A of 
polysomal bound MRNA. In view of the fact that the size 
of the polyadenylate segment of MRNA shortens when the 
message ages’ *” we suggest that both poly A and the pro- 
tein associated with it are degraded during ageing of mRNA. 
Newly-synthesised MRNA not associated with ribosomes 
(for example in Ehrlich ascites tumour cells) has a protein 
of MW 84,000-89,000 attached to its relatively long poly A 
segment", whereas a 76,000 MW is attached to the poly A 
of mRNA in the translational phase. Later on, the mRNA 
(for example the informosomal &-globin 9S mRNA) is 
released into the pool of untranslated MRNA. In this phase 
only low-MW proteins, if any, are attached to the 
shortened poly A segments. It is tempting to speculate that 
the loss of the 76,000 MW protein and shortening of the 
poly A tail are cooperative processes which are closely 
related to the functioning and/or stability of the mRNA. 

During the preparation of this manuscript Scherrer’s 
group" published the protein composition of informosomal 
mRNP from duck erythroblasts. In agreement with our 
observations they also found no 76,000 MW protein associ- 
ated with poly A-containing informosomal mRNP. 

We thank Drs F. A. Asselbergs and A. J. M. Berns for 
help and advice and A. P. M. Janssen for technical assis- 
tance. This work was supported in part by the Netherlands 
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Fig. 4 Analysis of proteins 
present in purified polysomal 
and informosomal mRNP par- 
ticles from rabbit reticulocytes. 
mRNP particles were dissolved 
in SDS-sample buffer, boiled and 
loaded on to a 7-18% poly- 
acrylamide gradient gel con- 
taining SDS". Channels a, e, A, 
marker proteins: §-galactosidase 
(MW 130,000), phosphorylase b 
(92,000), bovine serum albumin 
(68,000), ovalbumin (45,000), 
aA,.-crystallin (20,000), cyto- 
chrome c (12,000). b, Polysomal 
ISS mRNP. c, Informosomal 
mRNP after a 0.5 M KCI wash 
(see also i). d, Informosomal 
mRNP before the 0.5 M KCl 
wash. /, EDTA-treated 40S ribo- 
somal subunits.g, EDTA-treated 
60S ribosomal subunits. i, 
Informosomal mRNP after a 
0.5 M KCI wash (double band 
at 20,000 is carrier a-crystallin). 
k, 0SM KCI wash of 
informosomal mRNP (double 
band at 20,000 carrier is 
a-crystallin). 





Corrigendum 


In ‘Voltage signal of photoreceptors at visual threshold’ 
by G. L. Fain, A. M. Granda and J. H. Maxwell (Nature 
265, 181; 1977), the ordinate label of Fig. 1 should read: 
log Aly (aJ cm~* flash’). Likewise, the abscissa label of 
Fig. | should read: log Alp (uJ cm™* s`). This is simply a 
labelling error and has no effect on any numbers in the 
text. The authors are grateful to Dr G. S. Wasserman of 
Purdue University for pointing out this error. 


Errata 


In the article ‘Corrected age of the Pliocene/Pleistocene 
boundary’ by B. U. Haq, W. A. Berggren & J. A. Van 
Couvering, Nature 269, p. 483, the legend to Fig. 5 should 
read . . . Pliocene/Pleistocene calcareous plankton bio- 
chronology in deep-sea cores and estimated chronostrati- 
graphic position of Calabrian sequences. The extinction of 
Discoaster brouweri occurs at about 1.8 Myr (*) in one of 
the cores studied (V12-18). The upper limit of this species, 
as shown here, may thus be somewhat younger than the 
actual extinction datum, due to reworking at the deposi- 
tional interface. ©, Atlantic only. 


In the letter ‘Corollary discharge to cockroach giant 
interneurones’ by F. Delcomyn, Nature 269, p. 160, line 17 
in paragraph 4 should read . . . When a strong stream of 
air is suddenly turned on a quiet... 


In the letter ‘Direct measurements of secondary currents 
in river bends’ by J. C. Bathurst, C. R. Thorne and R. D. 
Hey, Nature 269, p. 504, line 2 in paragraph 6 should 
read . . . angle » to the longstream axis. » defines the 
vector of the... 
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How did barium titanate 
particulates stick together 
in the Nebula? 


MASUDA and Tanaka’ in their recent letter 
have raised this question. Seeking expla- 
nation i the ferroelectric (FE) properties of 
BaliO, we should ask now more specifi- 
cally whether FE particles, similar to 
magnetic particles*, may provide preferred 
nuclei for accretionary processes. 

A FE particle acquires charge densities 
(~10°* C cm~*) much greater than is 
found with ordinary electrostatic charging, 
for example, that arising from the termi- 
nation of crystal structure in unsaturated 
and dangling bonds which become rapidly 
screened by adsorption. To produce the 
kind of homogeneous polarisation which 
FE particles develop at their Curie tempera- 
ture 7e (393 K for BaTiO,) in an ordinary 
dielectric would require fields of 
[0°-10" Vem" !. The distorted surface 
layers observed on sub-um FE particles? 
indicate that the particles do not find it easy 
to screen their surface charges by adsorp- 
uon or internal electrical conduction. 
Moreover. Te of particles < lum may ex- 
ceed 700 K. We may thus expect the poten- 
tial corresponding to a FE particle to be 
much greater than the 1-30 V considered 
feasible for normal — electrostatically 
charged interplanetary grains*>. 

The potential energy ofa small uniformly 
polarised BaTiO, crystal. represented by a 
doublet p,, outside a complex formed by a 
collection of many uniformly polarised 
erystals and additional charge distributions 
corresponding to non-FE constituents, is 
determined by the normal component p, at 
the surface of the complex. To determine 
the capture cross section® we consider a 
complex of radius rand surface polarisation 
: Pa Moving with velocity u. A doublet p; with 
mass m, and velocity r makes its closest 
‘approach at distance R from the centre of 
the complex and is captured in a grazing 
orbit. On the supposition of conservation of 
energy and momentum we obtain for the 
ratio K = (2R*)/(ar’) 


np (1 + 3cos*6)! 4 
Kœ 1+ BEM SRN 
dnr“ moe 


Taking p; and p, to be of the order of 
=5x 107°C and r= i.Scems~! gives 
K =~ 5x 10’ fora0.15 um particle. 

The micrographs. presented by Masuda 
and Tanaka’, show a large number of small 
composite particulates with a narrow size 
distribution around 0.15 wm and two con- 
spicuous clusters of ~ 5 um. If we were to 
interpret the latter as records of enhanced 


capture cross sections of BaTiO, in the 
early environment within the nebula. then 
these would suggest enhancement factors 
between 1.7 and 10° and ~ 10’ depending 
on the size of the initial condensates. 

‘While an enhanced capture cross section 
may explain why FE particles will stick 
together when available, it does not explain 
the high Ba abundances found in eucrites 
and in the Allende meteorite’ as such. In 
view of the wide gap between the conden- 
sation temperature of ~ 1.680 K and T, 
those high BaTiO, concentrations which lie 
well above statistical fluctuations suggest 
selective spatial separation and enrichment. 
On account of the very high dielectric 
constant, even above 7.. the radiation 
pressure on BaTiO, condensates must have 
been greater than for most other particles of 
similar density and cross section. (Re- 
flectively coefficient for carbonaceous 
chondrites is ~0.04-0.07, (ref. 8) for 
BaTiO, ~ |.) For particles of ~0.1 jum the 
force due to radiation pressure outweighs 
by far the gravitational attraction. Assum- 
ing the latter to be balanced by the centri- 
fugal force in the orbital motion, the spatial 
distribution of condensates will be de- 
termined primarily by the radiation press- 
ure and the Lorentz forces due to a solar or 
interplanetary magnetic field 1°}, 

Considering conditions at 4 a.u. and 
assuming a moderate particle potential of 
100 V in a uniform magnetic field of 
5 x 10°° gauss we obtain. in Table 1, for the 
forces due to radiation (fg), gravitation (/;) 
and Lorentz forces (/, ) the following values 
for particles of 0.125, 1, and 5 um. 





Table I Forces acting on FE particles 





0.125 pm | am Sam 

(u N) (u N) U N) 
fr 26x107) extort 4.§x 1071! 
fo 1.7% 107 4 hix tor! 14x 107° 
A 88x 1O788 §.4x 1071 13x 1071! 





We may thus infer that FE particles up to 
| um may settle out preferentially towards 
the inner part of the solar nebula. As 
particles aggregate into clusters of 5 yam, 
however, the radiation pressure wins out 
and depending on growth and ablation, 
larger particles are thus likely to equilibrate 
at 4 a.u. or to be swept out to greater 
distances. 

At distances > 1.75 a.u. with grain tem- 
peratures <300 K a BaTiO, grain should 
be in its orthorhombic or rhombohedral 
modification. It would, therefore. be in- 
teresting to determine the crystal structure 


of BaTiO, grains in the Allende meteorite. 
Moreover. the small dispersed particles as 
well as the larger clusters should exhibit FE 
polarisation and hysteresis} 1>? and it 
would thus be instructive to determine their 
in-situ Curie temperature. Structure and 
transition temperatures may give away 
further clues as to how BaTiO, grains came 
to be a vastly enriched constituent in the 
composite matrix forming the Allende 
meteorite. 
H. H. SCHOLESSIN* 
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University of Cambridge, 
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Diversity of 
deep-sea benthos 


THE remarkable diversity of the deep-sea 
benthos is now well known, and Wolff! has 
contrasted two theories to explain this. One 
is Sanders’* theory of niche specialisation, 
the other is Dayton and Hessler’s? theory of 
biological disturbance, including distur- 


-bance by predators. One point that may 
discriminate between theories explaining 


diversity is that itseems that many deep-sea 
benthic forms have long life expectations 
and low reproductive rates!. | point out 
here that these life history characteristics 
are found in another quite distinct group of 
high diversity, which also lives in a habitat 
with very little seasonal change—-tropical 
forest birds. Snow* reviews much of what is 
known of the population dynamics of such 
birds, particularly the fruit-eating ones. The 
life history seems to be characterised by 
small clutch size and yet a very high early 
mortality. particularly of eggs and nest- 
lings, and a low mortality thereafter. This 
early mortality is caused by predators. 
Snow says “Once a bird has survived the 
early weeks of life, the tropical forest is a 
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much safer place to live in than the woods of 


temperate regions. Crises are rare; day after 
day passes in a peaceful, almost mono- 
tonous routine’. Is it not possible that a 
similar pattern of life history mortality, 
high when very young, low thereafter, and a 
lack of seasonal changes, have enabled the 
evolution of high diversity both in the 
tropical forest and in the deep sea? If this is 
so, the critical specialisations would pre- 
sumably be in minimising the early mor- 
tality in various ways, and small brood sizes 
may be a necessary part of these specialis- 
ations, by making detection by predators 
more difficult?. There would then be much 
less pressure for niche specialisation among 
the adults. 
MARK WILLIAMSON 


Department of Biology, 
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Contemporaneity of late 
Cretaceous extinctions 


THE dramatic extinctions at the end of the 
Cretaceous, both on land and in the sea, 
have long provoked speculation, but 
there is little direct evidence. Their 
existence is why the Cainozoic Era is 
distinguished from the Mesozoic, and in 
practice they are used in stratigraphy to 
make the Cretaceous—Palaeocene boun- 
dary. If the extinctions occurred at 
different times in different places, this 
practice would have to be revised. 
Butler et al’ presented magnetostrati- 
graphic evidence that dinosaur extinction 
in northern New Mexico occurred slightly 
later than the marine extinctions in 
central Italy. They seem to generalise this 
difference to all marine and terrestrial 
rock sequences, but this may be incorrect. 
On the basis of extensive evidence of 
diverse kinds from Montana, we have 
been able to reconstruct ecologically the 
process of terrestrial extinctions there 
(refs 2-4 and unpublished). The time scale 
was ecologically very long but geologically 
very short (10%—10° yr), just as in marine 
sequences®®, The process, which affected 
marsupials almost as severely as dinosaurs 
but left the freshwater community entirely 
unaffected, was a protracted ecological 
succession which seems to have operated 
mainly by diffuse competition with 
placental and multituberculate mammals. 
This invading mammalian community? ® 
soon expanded worldwide to give rise to 
most of our familiar Cainozoic mammals. 
We have predicted®* that terrestrial 
extinctions farther south occurred later 
than those in Montana, but we were able 
to find? only two flimsy data relevant to 


this prediction. Both were from South 
America and both supported the predic- 
tion. The extinctions in Montana were 
probably not the earliest, as dinosaurs 
occurred at least to about 75°N palaeo- 
latitude®* and we expect that dinosaurs 
disappeared here a little before they did 
near 50°N in Montana. 

It would be a remarkable coincidence 
if the great marine and terrestrial extine- 
tions did not have causal elements in 
common. We believe that these extinctions 
were in part synchronous but that the 
terrestrial extinctions moved south as the 
rapidly evolving placental mammals ex- 
panded out from their ancestral temperate 
community. Dinosaurs may well have 
survived into the Eocene in India?, which 
was an island during the critical interval. 
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SC CO uD a 


Do fatty acids inhibit 
gibberellin-induced 
amylolysis? 

BULLER er al.' reported that fatty acids 
inhibit gibberellin-induced amylolysis 
in barley endosperm. Their experiments 
as described do not show if the effect 
is on induction of amylase by gibberel- 
lin, on amylase activity, or on resistance 
of starch to amylase attack, although 
they discuss results as “the exceptional 
efficacy of pentanoic (C;) and nonanoic 
(Cy) acids in overcoming the effect of 
CA. 

Mitchell and Zillmann’ showed that 
fatty acids increased flour and starch 
pasting ability, and some years ago I 
measured similar effects. In the Amylo- 
graph’, with the naturally occurring 
enzymes inactivated’, a wheat flour had 
maximum paste viscosity 1,205 Bra- 
bender Units (BU). Fatty acid additions 
(500 mg each to the mixture of 60g 
flour and 440 ml water) gave the follow- 
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ing increases of maximum viscosity, 
confirming Mitchell and Zillmann’s 
observations: C;, 45 BU; C, 85 BU: 
Cs, 160 BU; C,, 125 BU; Cis, 10 BU and 
Cu, 5 BU. 

if the flour enzymes (including amy- 
lases) were not inactivated, then G 
fatty acid had remarkably greater 
effect. Adding 500 mg (58 umol per g 
flour, or 7.9mM) increased viscosity 
from 495 BU to 975 BU. This effect for 
very low amylase activity suggests that 
fatty acid altered starch properties and 
made it more resistant to enzymatic 
breakdown, Commercial glyceryl mono- 
Stearate (GMS) has a similar effect but 
GMS plus Cs acid was no more effective 
than one component, nor did glyceryl 
monocaprylate strengthen starch more 
markedly than equimolar amounts of 
Cs acid or GMS. 

I suggest that fatty acids about Cs 
can make starch more resistant to 
amylase degradation. Thus the effect 
demonstrated by Buller et al. could be 
of fatty acid making starch more resis- 
tant to amylolysis rather than an effect 
associated with gibberellin. 
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BULLER AND REID REPLY—We have 
reported that saturated fatty acids of 
chain length around Cy, are potent 
inhibitors of gibberellin-triggered amyl- 
Olysis in embryo-free barley half- 
grains’, We are aware that the efficacy 
of these acids “in overcoming the 
effect of GA” might be due either to 
their interfering with some aspect of 
the production, activation or secretion 
of amylolytic enzymes or to their 
inhibition of the amylolytic enzymes 
themselves. We are now investigating 
the. biochemical mechanism(s) of fatty 
acid action. 

in experiments carefully controlled 
to eliminate fatty acid effects on 
amylase activity in our assay systems 
we have observed that the fatty acids 
of chain lengths C, Cy and G at 
5 10°" M completely inhibit the release 
of amylase activity from gibberellin- 
treated barley aleurone layers. This 
suggests that the fatty acids can inter- 
fere, directly or indirectly, with amylase 
‘induction’ or release. 

Yet fatty acids can also inhibit the 
activity of amylolytic enzymes. Non- 
anoate (Cs) at 10° M reduces by about 
60% (relative to a citrate control) the 


194 


rate of production of reducing equiv- 
alents from a solution of potato starch 
by a crude soluble ‘amylase’ prepared 
from germinated barley (N. Harris and 
J. S. G. R., unpublished). 

Our results to date, therefore, suggest 
that fatty acids of chain length around 
C, inhibit both the production and the 
activity of amylolytic enzymes. Both 
effects undoubtedly contributed to our 
earlier observations’. 

Meredith’s suggestion that fatty acids 
might interact with starch, making it 
less susceptible to amylolysis, adds a 
further variable to an already complex 
problem. Any observed inhibition by 
fatty acids of amylolytic activity could 
be attributed either to a fatty acid- 
enzyme interaction or to a fatty acid- 
starch interaction as proposed by 
Meredith, We cannot yet assess the 
relative importance of the two effects 
in Our assays, and we point out that 
even the experimental data presented by 
Meredith can be reinterpreted in terms 
of a fatty acid-enzyme interaction. 


Davin C. BULLER 
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An imbricate thrust model for 
Southern Uplands of Scotland 


THE timing of the letter by McKerrow, 
Leggett and Eales? is curious in that 
the model is not new. It was anti- 
cipated in concept by Mitchell’ and 
in detailed demonstration by Fyfe and 
Weir’. In addition information given 
within the article includes details of 
the sequences seen along the British 
Gas pipeline, and a structural analysis 
from the Moffat area by Eales. The 
former is interesting although un- 
exceptionable, apart from the fact that 
it sets aside without justification pre- 
vious evidence that not all the Ordo- 
vician volcanics are of Arenig age", 
The structural analysis is  unsub- 
stantiated but, more importantly, it 
ignores structural sequences already 
established from many other areas in 
the Southern Uplands and Ireland, 
which are supported by recent 
studies’’®. 

The history of Cockburnland also 
requires clarification. Originally pro- 
posed* as the largely ophiolitic source 
for the Ordovician fiysch of the 
Southern Uplands, it has been criti- 
cised as inadequate to provide the 
accumulated volume of sediment’. The 


name was retained, but was used in- 
stead to designate the landmass up- 
lifted in Llandovery times” south of 
the nascent Southern Uplands Fault, 
and now considered to represent the 
emergence of an evolving accretionary 
prism. Obduction of oceanic crust to- 
wards or over the Laurentian front” 
would create a sedimentary source 
adequate to provide the known volume 
of Ordovician flysch, thus dispelling 
the objection to an Ordovician Cock- 
burnland. We consider that application 
of the name to the developing ac- 
cretionary prism can be justified only 
by assuming geographical continuity 
with the remnants of the original 
structure. 

Furthermore, the model prescribes 
progressive sedimentation of coarse 
clastics from north west to the south 
east. This must be an over-simplifica- 
tion, in that for at least part of the 
Llandovery the Moffat shale belt was 
bounded to north west and south east 
by thick sandy sequences”. 


E. K. WALTON 
J. A. WEIR 


Geology Department, 
University of St Andrews, 
St Andrews, Fife, UK 
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McKERROW, LEGGETT AND EALES 
REPLY,--The timing of our contribu- 
tion was the result of work carried out 
in 1976 on new exposures in the British 
Gas pipeline. The model relating the 
structure of the Southern Uplands to 
contemporary subduction was first illus- 
trated by Mitchell and McKerrow’: 
this model was based, in part, on earlier 
work by Craig and Walton’, Toghill’, 
Kelling’ and Fyfe and Weir’. 

Our contribution did not imply that 
all the Ordovician volcanics in the 
Southern Uplands are of Arenig age. 
Those near Abington hie below Arenig 
cherts, while those at Coulter underlie 
Llandeilo cherts; the cherts in both 
areas may well be much younger than 
the basalts below them. In addition, 
there are other volcanics interbedded 
with greywackes (like those at Wrae 
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and Bail Hill, 
oceanic basalts. 

The structural analysis (Eales, un- 
published) was applied specifically to 
the incompetent Moffat Shale facies 
where it occurs at the base of major 
thrust sheets. It is only in this facies, 
with its classical graptolite faunal suc- 
cessions, that refined stratigraphy can 
be used as a basis for structural syn- 
thesis. Other local structural sequences 
(for example, Rust®; Weir’) are gen- 
erally consistent with this analysis, but 
they lack detailed stratigraphic control. 

Walton? gave the name Cockburn- 
land to the emergent “chain stretching 
north-eastwards along the northern 
margin of the present Southern Up- 
lands” which provide a source for the 
Llandeilo and Caradoc rocks of the 
area around Glen App. He also used 
the same name for the Llandovery 
landmass which provided sediment 
both northwards (to the Silurian of 
the Midland Valley inliers) and south- 
wards (to the Central and Southern 


but these are not 


_ Belts of the Southern Uplands). The 


‘Cockburnland’ shown in our contribu- 
tion (Fig. 3) is the second of these 
two land areas. It is not clear whether 
the earliest Ordovician greywackes 
were derived directly from previously 
obducted ophiolites lying to the north 
of the Southern Upland Fault (as Wal- 
ton and Weir suggest), or whether 
they were derived from previously ac- 
creted ocean floor volcanics and cherts 
on the inner trench wall. 

Our model implies that most of the 
sediments in the Southern Uplands 
were deposited on the floor of (or 
on the margin of) the Tapetus Ocean. 
Even though coarser sediments occur 
in the Llandovery and Wenlock beds 
exposed in the Southern Belt of the 
Southern Uplands, this does not 
imply any south-east boundary to the 
‘Moffat Shale belt’, it merely shows 
that coarser sediments were being 
deposited on the Iapetus Ocean at this 
time. 


W. S. McKERROW 
J. K. LEGGETT 


Department of Geology 
and Mineralogy, 
Parks Road, 
Oxford, UK 
M. H. EALES 


Department of Geology, 
The University, 
Glasgow, UK 
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Filling Bondi’s place 
PROFESSOR Sir Hermann Bondi, profiled this week (page 
201), took up his post as chief scientist at the UK Depart- 
ment of Energy on 1 October. That the post he left at the 
Ministry of Defence has remained unfilled for a com- 
paratively short while should not diminish concern over the 
way this and similar appointments are made, 

Bondi’s former post is the highest in government which 
any scientist can hope to achieve. Its holder has the stature 
to receive the most privileged information, and the access 
to offer independent advice, across the broadest range of 
issues, at the highest levels of government. To have {ft 
vacant longer than necessary is thus undesirable. Yet the 
Ministry of Defence has known of Bondi’s departure for 
nearly five months—possibly longer. 

The delay has a simple and not unreasonable explanation. 
Because the post is also the highest which can be occupied 
by someone from outside both political and civil service 
ranks, the appointee must be acceptable to those he will 
work with——service chiefs as well as ministers and civil 
servants. The choice will be further limited by the need for 


New frontiers at Trieste 


Tue International Centre for Theoretical Physics (ICTP) at 
Trieste, dedicated to the support of physicists in the develop- 
ing world, lives on several knife-edges. For one thing it 
relies on comparable contributions for its support from the 
international agencies UNESCO and IAEA and also on the 
continued financial goodwill of the Italian government and 
the City of Trieste. For another there are many, scientists, 
included, who wonder whether theoretical physics is a luxury 
that it is no business of the developed world to stimulate 
by means of courses at a very high level. Yet again, inevit- 
ably the quality of those who attend is much more variable 
than, say, amongst a group of students with a common 
background: thus the Centre will have more than its fair 
share of visitors who feel lost in its environment. And 
finally, there are certainly those who say ‘if theoretical 
physics, why not experimental biology’, and so on. 

The Centre, under the guidance of Abdus Salam, has not, 
however, put up the shutters against criticism. Rather, it 
has been making moves to add new disciplines to its range 
of interests. Thus in the past couple of years it has held 
substantial courses on the teaching of physics at French- 
speaking universities in the developing world, on solar- 
energy conversion, on the physics of oceans and the 
atmosphere and, most recently, on the physics of the Earth. 
There is talk, also, of the possibility of a new experimental 
centre to be built on the Yugoslav/Italian border. 

As the centre adds new peripheral interests to its core 
subjects of high-energy and nuclear physics, solid state 
physics and applicable mathematics, it finds itself closer to 
the tricky problems of science and society. Indeed the 
oceans and atmosphere course was stimulated by the 
Bangladesh floods, and the physics of the Earth course by 
the Friuli earthquake of last year which shook Trieste. Out 
of such courses can come politically relevant action, as hap- 
pened last week. Students on the course were presented 
with lectures on earthquake-prediction research as prac- 
tised in the United States, Soviet Union, Italy, China and 


a ‘link man’ with the scientific community who has stand- 
ing and prestige and who is also willing to give up his job. 


©- And even when the right man is found, there remains the 


crucial matter of security clearance. 

The question is whether such an important appointment, 
of such consequence for the public interest, should be made 
more openly even though—perhaps because—-the number 
of candidates 1s so restricted. The argument against this is 
that to name names would subject potential candidates to 
considerable pressures in their existing jobs, and that the 
consequences of a failed security clearance would be fear- 
fully embarrassing—-all without much good being done. But 
this does not mean that public canvassing of names cannot 
work. Indeed, it works elsewhere, notably in the United 
States, where experience with it is admittedly far greater. 
The public interest aspect aside, the US system may even 
work better. If so, the question now is whether a change 
could be implemented smoothly in Britain without ending 
up with the worst of both systems. The trouble is, no one 
is involved in or even encouraging discussion of - it. EJ 


Japan. But the question arose, what should developing 
countries be doing about this? Many of the worst losses of 
life and property occur in the developing world; are such 
countries to wait supinely until systems are perfected else- 
where, and then be confronted with a very expensive 
package? Yet if not, most developing countries could not 
mount a major research initiative. 

The need, then, is for a middle way which encourages 
scientists to keep in touch with developments and accu- 
mulate the necessary background information and which 
convinces politicians that there are human and economic 
benefits to treating the matter seriously. The centre, it 
emerged during discussions, could play a significant role in 
assisting technology transfer. The proposal was that ICTP, 
with its devotion to scientific excellence and its easy rela- 
tions with scientists from a wide range of developing coun- 
tries, should take a formal and special interest in ensuring 
that such scientists are kept fully in touch with develop- 
ments in prediction and the assessment of seismic risk. 
ICTP already takes a similar special interest in solid state 
physics, a subject with relevance to the developing world. 

This initiative should be widely welcomed. (The Editor 
declares an interest, having been involved in the dis- 
cussions.) Of course there are international unions and 
associations which could also have performed this function 
to a degree, but satisfaction at the possible commitment of 
ICTP in this work will far outweigh any quibbles over who 
else could have done what. 

In the longer run ICTP, in conjunction with UNESCO 
maybe, could possibly participate more actively in the rais- 
ing of political consciousness on earthquake hazards, A 
model already exists in the team of examiners which 
occasionally emerges from OECD in Paris to visit a devel- 
oped country and examine its science policy. A team of 
experts in earthquake protection could perform a similar 
role of persuading politicans to take their duties in hazard 
reduction seriously. n 
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The North American North (1) 


What strategy for development? 


David Spurgeon in Ottawa summarises a Science 
Council report on the development of Canada’s North 


ITTLE-KNOWN to the rest of the 

world, Canada is a country about 
which myth and misconception abound. 
Many people are especially ignorant of 
Canada’s North, but that is scarcely to 
be wondered at, for so are Canadians 
themselves. And lately, many of the 
myths have been challenged from 
within, including the myth of self- 
sufficiency in energy and minerals. No 
less than the economic adviser to the 
Progressive Conservative party, James 
Gillies, has wondered about Canada as 
a technologically advanced nation and 
suggested that the country should 
return to reliance on selling its natural 
resources. 

This orgy of self examination has 
also included some fundamental studies 
of the North, and the latest is a report 
from the Science Council of Canada. 
Called Northward Looking: A Strategy 
and a Science Policy for Northern 
Development, it is the result of 34 


years’ preparation and sets out a 
strategy designed to bring more 
economic and technological - self- 


sufficiency to the North, and a set of 
principles that should guide science 
policies for northern development. 

But to set the stage, it tells Canadians 
a few facts about the part of their 
country—the largest part-—that few of 
them have ever seen. The perspective 
bears repetition. Canada is the second 
largest country in the world, and the 
Yukon and the Northwest Territories 
together comprise 41% of its land area. 
As the report puts it: 


Canada ranks 33rd among countries of 
the world in population. There is no 
settlement in 89° of our land area. In 
1971, our average population density 
south of 60 degrees was 1,024 people per 
hundred square miles; for Nova Scotia, 
3,867; for Ontario, 2,239. In the Yukon 
it was 9, and in the Northwest Territories, 
3. Half of the people in the Northwest 
Territories and 60% of those in the Yukon 
live in urban environments. The northern 
part of Canada is mostly a lonesome 
place. l 

The North, says the report, is char- 
acterised by ‘“‘small populations, a short 
growing season, permafrost, and long, 
cold, dark winters. The Extreme North 
and the Middle North are very 
different. The Extreme North is nearly 
uninhabited, has very little vegetation, 
continuous permafrost, ice-infested 
waters all or nearly all year, and very 
little precipitation. The Middle North 
has discontinuous permafrost, is heavily 
forested, more accessible, and is the 


focus of resource exploration at this 
time. It is the region where the large 
majority of northern residents now 
live”, 

The people of the North, as distinc- 
tive as their environment, present 
problems for demographers. They move 
over large areas, there are cultural and 
linguistic differences, and many settle- 
ments are relatively isolated. Demo- 
graphic statistics are thus more crude 
than elsewhere in the country. No 
accurate population figures exist on 
Métis and non-status Indians in 
Canada. The Native Council of 
Canada estimates 750,000 people on the 
basis of three Métis for each status 
Indian (295,215 in 1971 in all Canada). 
The total population of the North is 
about one million. Compared with the 
rest of Canada, they are younger and 
have received less formal education. 
There is a larger component of native 
people (especially in Saskatchewan, 
Manitoba, Quebec, and the Northwest 
Territories), and larger proportions of 
the population are engaged in forestry, 
fishing, trapping, and mining than in 
Canada as a whole 

Large communities are uncommon 
in the North: in 1971 only 29% lived 
in settlements of over 10,000, com- 
pared to 65% in Canada as a whole. 
Within the North, a community of 
more than 2,000 is an urban environ- 
ment. Most of the immigrants settle in 
the larger centres: more than 70% of 
the non-natives live in the five largest 
communities of the Northwest Terri- 
tories—-~Yellowknife, Inuvik. Hay 
River, Fort Smith and Frobisher Bay. 

Epidemiological data indicate that 
health standards in the North are 
lower than in the rest of Canada. And 
althcugh the birth rate has now begun 
to level off, the age structure of the 
native population resembles that of 
Latin America or Africa more than the 
rest of Canada. Twenty per cent of the 
inhabitants of the Northwest Ter- 
ritories speak neither English nor 
French, there are several native dia- 
lects, and in the Mackenzie River 
Valley and Delta, six native languages. 
“There is not really just one North in 
Canada”, says the report. “The divers- 
ity of the North is as striking as its 
cold”. 


Historical overview first 
To study this area, the council under- 
took a historical overview and case 
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studies of northern development. The 
work was synthesised in a discussion 
paper, which then served as the basic 
document for seminars and to solicit 
opinion from more than 100 people 
involved in northern affairs. All this 
led to the framing of the final report. 
The chairman of the Science Council 
Committee on Northern Development, 
W. H. Gauvin, notes in an introduction 
that the process covered a period when 
many important issues were emerging: 
the OPEC oil embargo, land claims by 
natives in the James Bay area, the first 
drilling from artificial islands in the 
Beaufort Sea, preparations for north- 
ern pipelines and extraction of oil from 
the sands and so on 

It is against this background that the 
report’s recommendations must be set. 
It notes that the recent history of the 
North has been the product of two 
conflicting trends: the thrust toward 
large-scale exploitation of natural re- 
cources, and the desire to continue 
traditional resource harvesting activi- 
ties such as fishing, hunting and trap- 
ping, which would lead to development 
based on smaller scale, locally con- 
trolled projects. 

“The Science Council believes that 
both major trends should be accom- 


modated in a strategy of mixed 
development’, says the report. “Such a 
strategy would press for more 
economic and technological self- 


sufficiency for the North. Activities 
that can be logically defined and con- 
trolled would be favoured over those 
which tend to increase political and 
economic dependence, the need for 
welfare, or other undesirable social 
conditions. This means an emphasis on 
relatively low capital, decentralised, 
and small scale development”. 

The objectives of northern develop- 
ment espoused by the Science Council 
are similar to those expressed by the 
federal government: to promote the 
welfare of northern people, to main- 
tain and enhance the regenerative 
capacity of the environment, to give 


renewable resource development a 
higher priority, and to encourage 
economically viable non-renewable 


resource projects that are inm the 
national interest and will benefit—or at 
least not harm-——northern residents and 
their environment. 

This strategy of mixed development 
will require greater sensitivity to tradi- 
tional patterns of land use, says the 
report. It also says it will involve ex- 
tracting mineral resources more slowly 
than some “major participants’? may 
desire. Ironically, shortly after the 
report appeared, the Energy Minister, 
Alastair Gillespie, was proposing en- 
couraging exploration by the multi- 
national oil companies by offering 
them tax cuts. The report emphasises 
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that the land has special significance 
for many native northerners, and needs 
to be valued in terms of its capability 
to meet a variety of needs not measur- 
able in monetary terms. 

The report also calls for greater 
recognition of the value of public 
participation in projects concerning the 
North. “The right of people directly 
affected by a project to have something 
to say about it becoming more 
widely accepted. . In the North, in 
fact, complaints about adequate consul- 
tation have been so frequent that the 
question of participation itself is only 
now being raised. To pursue success- 
fully the strategy of mixed develop- 
ment, there must be more than 
informing, educating, and consulting 
northern people about the needs of the 
rest of Canada for a certain project”. 

[he report lays down four principles 
that should guide policies for northern 
development: 
® Technological sovereignty: the 
ability of Canadians to control, direct 
and benefit from technological enter- 
prises deemed essential to the country. 
@ Life-style flexibility: the need to 
allow opportunities for choices of life 
Style. 

@ Maintenance of 
capacity of the land 
@ Comprehensive and balanced assess- 
ment and monitoring of large and small 
projects. 

These four principles, it says, should 
govern the choice of all new research 


iS 


the regenerative 


and development initiatives in the 
North. 
Technological sovereignty has be- 


come a buzz word at the Science 
Council. The reason for applying it to 
the North is that there, as elsewhere, 
“Canadians and Canadian science and 
industry tend to place undue emphasis 
on foreign expertise and foreign con- 
sultants”. The report says that foreign- 
owned firms tend to perform the 
research that has the greatest potential 
for long-term payoffs in their home 
countries. 


In offshore Labrador, for example, where 
several companies are searching for oil 
and developing the expertise necessary for 
that environment, Canadian firms have 
participated in the data collection phase, 
but they have had very little to do with 
planning and design of production and 
transportation facilities. The nature of 
research activity in Canadian resource- 
related industries, then, tends to resemble 
the resource extraction industries them- 
selves. That is, with few exceptions, 
Canadians provide the raw materials, but 
the control of the operation, the proces- 
sing and, hence, long-term benefits tend 
to flow out of the country. 


In order to support the proposed 
strategies for northern development the 
Science Council makes a number of 
proposals. One is that universities 
should play a greater role in the solu- 
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tion of northern problems. In spite of 


the efforts of the universities of 
Alberta. Saskatchewan, McGill, Chi- 
coutimi. Laval. Memorial (in New- 


foundland) and others, most northern 
research is now performed by industry 
and government. Canada needs a 
cadre of researchers not dependent on 
contracts from interested parties, the 
report says. The Science Council urges 
that funds for northern research be re- 
allocated so that grants are emphasised 
over contracts, and that the granting 
councils provide funds for logistic sup- 
port over and above other costs, 
because northern research is costly. 

In addition, the Council urges 
establishment of a University of the 
North provide the focus for 
northern research. This university 
should concentrate on such areas 
resource Management and systematis- 
ing resource inventories, and should 
promote the innovation of northern 
technologies. Native peoples should 
play a central role the choice of 


the 
to 


as 


in 
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research topics and in undertaking 
research. Funding should be primarily 
from the federal government, and the 
university at first would give only 
graduate degrees. 

The report emphasises the need for 
an inventory of renewable resources, 
and other data on the North, and the 
need for improved communications. 
There is also a need for coordination 
and exchange of the information that 
would come out of a northern data 
bank system, particularly among those 
who fund northern research. “It is in- 
tolerable that Members of Parliament 
should regularly report difficulties in 
gaining access to technical and scienti- 
fic information relevant to political 
decision-making”, it says. 

In the past, most scientific exploration 
of Canada’s North has been carried out 
by scientists of other countries, and 
much of the North’s development has 
been for the benefit of others. If the 
Science Council’s recommendations are 
acted upon, that era may end. O 
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The North American North (2) 


Money or energy problem? 


Jeff Carruthers in Ottawa examines the most expensive 
private capital project ever undertaken, the AlCan gas pipeline 


ANADA and the United States have 

together decided to build an all-new 
gas transmission system to carry 
Alaskan natural gas more than 5,000 
miles to markets in North America’s 
industrial heartlands in the North and 
West. The planned pipeline can be 
described in many ways, all of them 
large. The cost alone will be at least 
$10,000 million. Ultimately the system 
might also transport smaller gas re- 
serves from Canada’s nearby petroleum 
fields in the Mackenzie Delta and 
Beaufort Sea region of the western 
Canadian Arctic, to its own consumers 
in central and eastern Canada. 

From a financial perspective, the 
Alaska Highway pipeline project js 
almost certainly the most expensive 
private capital project ever undertaken. 
Economists and bankers generally 
agree that financfng could stretch 
Canadian and American money mar- 
kets to their limit, especially if the 
inflation and cost over-runs that have 
plagued other recent North American 
energy projects (such as the trans- 
Alaska oil pipeline and the mammoth 
James Bay hydroelectric project) push 
costs for the Alaska Highway project 
to the $15,000 million or $20,000 
million that some experts fear. 

From a technical viewpoint, the 
problems to be encountered in the 
northernmost areas in Alaska and the 
Canadian Yukon Territory are con- 
siderable, but at the same time not 
regarded as insoluble. The key issue is 
whether they can be resolved within 
the time and cost parameters agreed 
to by the two governments. A frigid 
and dark climate prevails during the 
winter construction months. Gravel 
and water are difficult to find in places 
for construction. The permafrost, 
where materials hard as rock in below- 
zero temperatures can turn to soup if 
thawed, and where a phenomenon 
called ‘frost heave’ can literally lift a 
pipeline out of the ground if it is in- 
tentionally chilled through water-rich 
permafrost soils, presents its own 
problems. And an ecology that in many 
places is poorly understood needs 
protecting, 

Economically speaking, Canada re- 
gards the pipeline project almost as a 
godsend, calculating that it could pro- 
vide upwards of 100,000 man-years of 
direct and indirect employment for an 
economy facing rising unemployment, 
a worsening balance of trade and a 
damaging rate of inflation. In fact the 


project is widely regarded as much as 
a make-work scheme as a vital (if 
costly) way of developing urgently- 
needed energy supplies. 


Energy initiative 

Yet it is the energy initiative inherent 
in the pipeline project which puts the 
Alaska Highway cooperative venture 
into its proper perspective. For $10,000 
million the United States hopes to con- 
nect gas reserves of 22-24 trillion cubic 
feet (TCF) in Alaska’s Prudhoe Bay 
oil fields to markets in the lower 48 
states. Assuming all of that gas is avail- 
able—and there is some controversy 
about this already, based on fears that 
extraction of the gas could lower the 
recovery of associated (and more vital) 
crude oil—it would be sufficient to fill 
one year of current US gas demand. 

Canada, which is hoping the pipeline 
can be connected later to some 5.2 TCF 
of gas in the Mackenzie Delta, would 
be able to fill two years of its current 
demand with its northern gas from the 
Delta. Ironically, perhaps, Canada is 
slated to export more natural gas from 
already-connected fields in southern 
Canada to the United States during the 
next decade than it hopes to connect 
in the western Arctic—and this is gas 
costing considerably less than Alaskan 
and Delta gas (the best estimates at 
present are that the Alaska Highway 
pipeline will deliver northern gas to 
southern markets for between $3 and 
$4 a thousand cubic feet, assuming no 
major cost over-runs for the pipeline 
project). 

Critics of the pipeline include church 
groups, energy conservation groups, 
and environmentalists and northern 
native groups. They have argued that 
Canada and the United States do not 
really need the extra gas and that the 
adoption of adequate energy conserva- 
tion techniques nationally could prob- 
ably do more good for the state of the 
two nations’ energy than any mam- 
moth project. They have managed to 
focus national attention on a stark 
reality: that replacement energy for 
wasted existing energy resources in 
Canada is costing so much to develop 
on a per unit basis that even sup- 
posedly resource-rich countries like 
Canada cannot continue to rely on the 
non-renewable fossil fuels indefinitely. 

If anything, the Alaska Highway 
pipeline underlines ‘the growing belief 
that the availability of money is rapidly 
becoming more critical than the avail- 
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ability of new energy resources, especi- 
ally as the new resources grow more 
and more remote either geographically, 
as with Arctic gas and oil, or tech- 
nologically, as with Canada’s vast oil 
sands deposits. 





Two competitors 

This relatively new concern about 
finance, which ultimately translates 
into energy costs to consumers, was 
one of the key factors in the two 
governments’ selection of the Alaska 
Highway project over two competing 
gas transmission projects. 

One rival consortium had proposed a 
pipeline from the oil and gas fields 
across the environmentally-sensitive 
North Slope (with the Alaska Wildlife 
range) to the Mackenzie River Delta, 
then up the Mackenzie River valley in 
the Northwest Territories to the pro- 
vince of Alberta, and then into the 
United States and central Canada. This 
proposal, by Canadian Arctic Gas Pipe- 
lines Ltd, a US-dominated consortium, 
was rejected in Canada on socio- 
economic and environmental grounds, 
even though it was believed to be 
technically superior to the Alaska 
Highway project. Approval of the pro- 
ject would have meant opening up the 
relatively lush Mackenzie Valley and 
would have risked confrontation with 
militant native groups, which are still 
trying to settle aboriginal claims with 
the Canadian government for much of 
the area. 

The Arctic Gas project, as it was 
called, was the front-runner until a few 
months before the final government 
decision. A historic northern inquiry 
by a provincial Supreme Court judge, 
Thomas Berger, had been launched by 
the government to study the impact of 
such a development on the North 
generally and on the Mackenzie Valley 
specifically. Berger’s report dealt a 
death blow to the Arctic Gas project 
when it suggested that the native way 
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of life for northern Eskimos and 
Indians would be ruined should the 
pipeline proceed within the decade. 
Berger looked more favourably on the 
Alaska Highway project, in part be- 
cause a highway to Alaska had 
already disrupted that part of the 
North and because the natives were 
already more integrated into a southern 
style of life. 

Other factors helped to kill the 
Arctic Gas project. The small Canadian 
gas reserves in the western Arctic, for 
example, did not justify an immediate 
Canadian commitment to a joint pipe- 
line with the United States (the Alaska 
Highway project, by contrast is in- 
tended initially to serve only the United 
States). Arctic Gas also said it needed 
government guarantees to be able to 
finance its slightly-larger project— 
guarantees neither government was 
willing to provide. In addition, ‘frost 
heave’ and winter construction prob- 
lems were more severe along the Mac- 
kenzie Valley route (the consortium 
would have had to provide 24-hour-a- 
day artificial lighting and artificial 
snow to construct the most northerly 
portions). Finally, the Arctic Gas pro- 
ject probably wouldn't have been 
Canadian controlled. 

In the last analysis, the Arctic Gas 
project was an engineering and tech- 
nical solution, based also on geological 
prospects along the route. But it failed 
to be sufficiently flexible to cope with 
non-technical matters, including its 
impact on native northerners, on 
Caribou herds, and on the ecology of 
a major river valley and a delta in the 
Arctic—not to mention political 
matters such as Canadian nationalism. 
To add further to the irony, the Arctic 
Gas proposal was studied to a much 
greater extent than the Alaska High- 
way project, so that more of the prob- 
lems associated with it were known 
and widely publicised by its opponents 
in the media and before regulatory 
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review bodies. 

Another petroleum industry con- 
sortium, preparing officially to propose 
the construction of an even longer and 
more technically difficult gas pipeline 
from the High Arctic of Canada 
(Melville Island initially) to southern 
markets, is keenly aware of this danger 
of being too prepared. The Polar Gas 
consortium, as it is called, is proposing 
a Step-by-step government review in 
which the broad economic, social and 
environmental issues are dealt with 
first, preferably to produce some sort 
of initial government approval. Then 
more studies would be done and more 
money spent on the technical aspects 
of getting a 42-inch gas pipeline safely 
to the mainland, across marine 
trenches tens of miles wide and as 
much as 1,500 feet deep. The Polar 
Gas project is expected to cost even 
more than the Alaska Highway project, 
and to tap 10 to 15 TCF of gas for 


Canadian and possibly American 
markets. 
Second project 


The other project defeated by the 
Alaska Highway pipeline was the El 
Paso scheme to transport the Alaskan 
gas in liquified form by tankers to the 
west coast. The US government 
decided that a pipeline across Canada 
was more economical and involved less 
risk because a well-proven technology 
was being used. Since that decision 
earlier this year a number of Canadian 
companies (including PetroCanada, the 
national petroleum company, and 
Alberta Gas Trunk Line Company Ltd 
of Calgary, one of the two founders of 
the Alaska Highway pipeline con- 
sortium in Canada) have been studying 
the feasibility of using special ice- 
strengthened  liquified natural gas 
tankers to transport High Arctic 
Islands gas from Melville Island to 
markets along the eastern seaboard. 
The project, if it is ever pursued, will 
initially move only 250,000 cubic feet 
a day, compared to more than 2,000 
million cubic feet a day to be moved 
along the Alaska Highway pipeline 
starting in 1983. 

In allowing the Alaska Highway 
pipeline to cross Canada, the Canadian 
government has insisted that the 
Canadian portions be Canadian con- 
trolled and has accepted the promises 
by private industry (the Foothills Pipe- 
Lines Ltd consortium) that Canadian 
content in the Canadian portions would 
exceed 90% for goods and services. 
The government is assuming that in a 
few years the go-ahead will also be 
given to a lateral pipeline to the Mac- 
kenzie Delta, and space has been 
reserved in the pipeline for this 
Canadian gas. 

The US government has even agreed 
to have its gas consumers pay for a 


substantial portion of the lateral pipe- 
line to the Mackenzie Delta, on the 
condition that cost over-runs in the 
Canadian sections of the main pipeline 
are kept below 35%. As a further in- 
centive to keep costs under control, 
and with the nightmare cost over-runs 
associated with the TransAlaska oil 
pipeline still fresh in mind, the two 
governments plan to tie approved 
return on equity for the private parti- 
cipants to the success in minimising 
costs. 

The US Congress has recently given 
legislative approval for the project. 
Legislation should be introduced in the 
Canadian parliament before the end of 
the year which will also establish a 
single monitoring agency to ensure 
that environmental and native impact 
is minimised and to ensure that safety 
standards are met. 

Finance is the next major hurdle, 
with $8,100 million due to be raised in 
US capital markets and $1,700 million 
in Canada. The first official attempts at 
financing should take place late next 
year. And should private financing in 
North America fail, the pipeline con- 
sortium is expected to seek govern- 
ment assistance in Washington and 
Ottawa before trying to tap European 
and other foreign money markets. 

The pipeline project promises major 
business and major technological chal- 
lenges for many key industries in 
Canada and the United States— 
steel, construction equipment, valves 
and turbine compressors, ditchers and 
welding machines, engineering and con- 
sulting services. It should therefore 
come as no surprise that the Canadian 
government hopes to use the Alaska 
Highway project as a lever for con- 
vincing more foreign companies to 
start working and manufacturing in 
Canada, using more Canadian talent 
instead of just Canadian raw resources. 

On the planning boards in govern- 
ment offices, the Alaska Highway pro- 
ject is only one of a long list of ex- 
pensive and increasingly technically 
difficult energy projects, including 
tidal power, oil sands extraction plants, 
heavy oil extraction and up-grading 
plants, more northern gas pipelines, 
LNG tanker transportation schemes, 
nuclear power (using the CANDU 
system developed in Canada), hydro- 
electric developments (including the 
use of DC transmission for long- 
distance power movement), offshore 
exploration, and coal gasification 
plants. 

As with the Alaska Highway pipe- 
line, the uncertainty surrounding these 
projects relates more to the availability 
of financing than of technical expertise. 
And the Canadian government says it 
is willing to invest in equity in such 
projects if necessary, if only to make 
sure the money is available. E 


200 
SPACE 
Meteosat’s turn 


Judy Redfearn reports on Europe's 
latest satellite 


METEOSAT, Europe’s first satellite 
devoted entirely to watching the 
weather, was scheduled for launch this 
week from Cape Canaveral into a 
geostationary orbit 35,900km_ above 
the equator. But a valve in the second 
stage of its Thor Delta 2914 launcher 
developed a leak last weekend. NASA 
has announced that the launch will be 
delayed, until it can replace either the 
launcher or the valve. 

When Meteosat finally arrives in its 
planned orbit it will take images of 
the earth’s surface and cloud cover 
both in the visible and infrared which 
will be used by European meteoro- 
logical services to improve their long 
range weather forecasting. The idea to 
build a geostationary meteorological 
satellite was included in the European 
Space Agency’s (ESA) optional appli- 
cation programme in 1971. 

Meteosat will, m fact, be only the 
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first of several European meteoro- 
logical satellites. The second is already 
approved and should be ready for 
launch in the early 1980s and subse- 
quent ones are under consideration. 
Meteosat therefore has a dual role: it 
is partly pre-operational, designed to 
prove a satellite system, but it is also 
an important scientific satellite in its 
own right. 

From its position in space, Meteosat 
will relay back to earth meteorological 
data on most of Europe, the whole of 
Africa and the Middle East. Together 
with four other geostationary satellites 
positioned symmetrically above the 
equator, two American (Goes), one 
Soviet (GOMS), and one Japanese 
(GMS), it will make weather monitor- 
ing of the whole globe possible 
between latitudes +50° and —50°, 
The five satellites will be taking part 
in the first global experiment, running 
from the end of 1978 to the end of 
1979, of the Global Atmospheric 
Research Programme (GARP). 

The Japanese GMS was launched 
last July, and the USA already has 


Falldin’s energy puzzle 


Wendy Barnaby, in Stockholm, updates 
nuclear developments in Sweden 


CONSERVATION groups in Sweden 
recently succeeded in stopping a long- 
disputed application to mine the bulk 
of Europe’s uranium. The application, 
which the mining company LKAB had 
previously withdrawn and re-presented 
taking more account of environmental 
considerations, was to mine 200 tons of 
uranium a year for ten years from an 
area about 350 km south-west of Stock- 
holm, where the uranium deposits 
are estimated to be the largest in 
the West in the price range of 
$10-15 a pound (1968 prices). The 
local government body used its right 
to veto any project involving such 
widespread damage to the environment 
which, it maintains, is rich in cultural 
treasures. A spokesman for the com- 
pany said that it would now begin 
discussions with the government and 
that this could lead to a research and 
development project going ahead, with 
a small amount of mining to sustain it. 

But the action taken over the LKAB 
application is only one of the pieces, a 
relatively small piece, of the country’s 


energy puzzle. There are many others 
that have yet to be fitted in. At the 
centre of the government’s difficulties 
is the interpretation of the law which 
specifies the conditions under which 
the building of reactors may continue. 
Under the law, the owners of any 
reactor being planned or under con- 
struction must present the government 
with concrete proposals of the ‘com- 
pletely safe’ storage of unprocessed 
waste or of highly-radioactive waste, if 
the spent fuel is to be reprocessed. 
Reprocessing agreements must also 
have been concluded before the govern- 
ment gives permission for the reactor 
to be built. 

Although the owners of Barsebäck 2 
and Ringhals 1 and 2 reactors have 
concluded agreements with the French 
Cogema company for reprocessing 
spent fuel, there is some doubt that 
the government will recognise the 
agreements as fulfilling the conditions 
of the law. This is because of a report 
prepared jointly by a committee of 
Cogema’s trade unions, employers and 
safety representatives, which demanded 
that security at the plant be improved 
to meet national and international 
standards and itemised 47 points on 
which improvements in security and 
operations in general could be made. 
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three Goes satellites up--two it will 
use and the third it is storing in space 
as a spare. But the Soviet Union’s 
satellite, due for launch in about a 
year’s time, is unlikely to be ready 
because of technical difficulties. 
NASA's precaution in keeping a 
stand-by ready may yet save the first 
global experiment, though no decision 
on how to replace the Soviet satellite 
has been taken. | 

A feature distinguishing Meteosat 
from other satellites is the way in 
which the data it generates is pro- 
cessed. Because of the enormous data 
volume—two images every half hour 
all processing must be done in real 
time. The facility set up especially to 
do this and to disseminate information 
to the users is at the European Space 
Operations Centre (ESOC) at Darms- 
tadt. After the images have been 
corrected for distortion at Darmstadt, 
they are relayed back to the satellite 
and then on to the users. 

Should Meteosat itself fail, however, 
there will be another chance. As with 
the Orbital Test Satellite, ESA took 
out insurance for $16 million to cover 
costs of a replacement launcher and 
integration of a second satellite. [J 





Critics here say that the spirit of the 
Swedish law demands reprocessing 
agreements which will guarantee work- 
able, reliable reprocessing. The reactor 
owners maintain that their responsibility 
under the law stops with the signing 
of legal agreements, and that the 
security matters to be taken care of 
at the plant are Cogema’s business, not 
theirs. They are happy, they say, to 
trust the Frenchmen’s technical abili- 
ties to solve the problems at their end. 
Overshadowing the entire deal is a 
query about the American govern- 
ment’s attitude. There is no guarantee 
that the Americans, who supply 
Sweden with its enriched uranium and 
can veto the export of spent fuel from 
Sweden for reprocessing, will allow it 
to go ahead. 

The government must soon decide 
which interpretation of the Jaw it is 
to favour. It has given one reprocessing 
agreement to the state Nuclear Power 
Inspectorate for comments, and these 
are expected to be published late in 
November. The government’s decision 
is expected in December. 

December will also see the first of 
two ‘security reports’ being presented 
to the government by the nuclear 
power industry. The first one will deal 
with storage of reprocessed spent fuel, 
and will maintain that safe storage 1s 
technically possible. The second, to 

(continued overleaf, page 202) 
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Chris Sherwell on Sir Hermann Bondi 


An effective use of oil 


HERMANN Bonn followed an aus- 
picious precedent in British govern- 
ment when he left the Ministry of 
Defence to take over as chief 
scientist at the Department of Energy 
seven weeks ago. Before him, only 
Solly Zuckerman and Alan Cottrell 
had ever held the position of chief 
scientist in two separate departments 
of state—though they moved from 
Defence to the Cabinet Office, and in 
the days before the Rothschild re- 
organisation gave the institution its 
present form. 

The appointment itself, when it 
finally came, was no surprise to any- 
one who had bothered to read the 
newspapers. But there was a gap 
before it was announced while the 
minor storm generated by the de- 
parture of Bondi’s predecessor, 
Walter Marshall, subsided. The gap 
which Bondi himself left at Defence 
remains, and though names are being 
canvassed, no indication of who is in 
the running is officially available. 

Bondi came to Energy with a re- 
markable record. Schooled in Vienna, 
where he was born 58 years ago, he 
went to Trinity College, Cambridge, 
and then became what was bureau- 
cratically called a ‘temporary experi- 
mental officer’ in the Admiralty from 
1942-45. In 1954, after holding a 
Trinity fellowship and lecturing for 
the best part of eight years, he was 
appointed to the chair of mathematics 
at King’s College, London. Then in 
1967 a leave of absence allowed him 
to become director general of the 
European Space Research Organisa- 
tion. He stayed until 1971, when he 
became chief scientist at the Ministry 
of Defence. 

The experience at Defence colours 
his approach in his new post. He 
regards the issue of nuclear prolifera- 
tion as particularly important, for 
example. But as he puts it, “Things 
have to be looked at with a certain 
order of priority’. Short term prob- 
lems like proliferation must be 
checked before long term ones can be 
tackled. If the world is going to blow 
itself up first, he is not too worried 
about, say, the threat of a ‘greenhouse 
effect’ from over-use of fossil fuel, 

Not that he has no views on the 
greenhouse effect. He says the US 
National Academy of Sciences report 
published earlier this year has been 
read as "more definite” than he reads 
it. If atmospheric oxygen comes from 
living plants making use of carbon 


dioxide, he asks, and rising carbon 
dioxide levels can encourage plants 
to grow and so stabilise the rise, 
might not preservation of the most 
active plants in the best parts of the 
world be better than a restriction on 
the use of coal? It is a question for 
the long term, Bondi says simply, 
which will be of no interest at all 
unless we attempt to ensure our sur- 
vival in the short term. 

He is reticent about giving his own 
views on such immediate issues as 
maintaining the breeder option or 
Britain’s choice of reactor. He stresses 
that energy as a whole, and not just 
nuclear power, is capital intensive 
and expensive, the turnover of the 
energy industries being about the 
same as the defence and education 
budgets combined. As he sees it, 
R&D in alternative energy tech- 
nologies must be fostered in case 
conventional sources become un- 
acceptable, unavailable or too ex- 
pensive, but the judgment of likely 
fuel costs is complex. 

One economic consideration which 
puzzles him is the effect of the oil 
price increase four years ago. The 
developed countries initially re- 
sponded by saying they would main- 
tain their economic growth and 
replace oil with nuclear power. That 
led to colossal predictions for the 
growth of nuclear power, says Bondi. 
“But the calculations were completely 


bogus”. The fuel crisis stopped 
growth, and nuclear forecasts 
slumped. Instead of energy prices 


rising relative to other things, in- 
flation and a lack of growth caused 
fuel costs in many fields to become 
a smaller share of the total than they 
were. “So if I'm asked whether a 
project for an alternative energy 
source would become economic if the 
real price of fuel doubled, | must ask 
if engineering costs will go up equally 
disproportionately, and whether we'll 
be back where we started”. 

As Bondi sees it, a rise in fuel costs, 
rather like a failed harvest in de- 
veloping countries, has to mean a 
substantial drop in the standard of 
living. But developed countries have 
been totally unwilling to accept this. 
Is there an appreciation of this within 
government? “I preach it”, Bondi 
replies with a smile. He is as aware 
as anyone of the problems govern- 
ments face, as he shows when he 
allows his thoughts about costs to 
stray to current issues. The difficulty 
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Sir Hermann Bondi 


when it comes to choosing a reactor 
or investing in alternative energy 
sources, he says, is not really a lack 
of money, but spending it sensibly and 
responsibly—not whether to purchase, 
but what to purchase. 

So how should a chief scientist be 
seen? “Like any scientist’, Bondi 
says, “the chief scientist has a 
particular standing when he gives a 
judgment on scientific matters. But 
he wouldn't be a responsible citizen 
if he didn’t have a judgment on other 
matters as well, although he has no 
more claim to authority on these than 
anybody else”. Bondi regards the 
important element in the chief 
scientist’s task as “making clear what 
the scientific issues are, within the 
context of other questions”. 

He is clear why he came to Energy. 
First of all he was asked, and he has 
an appetite for change. Another 
attraction was that it was contro- 
versial, But there is a third aspect, 
which has to do with his time at 
Defence. He enjoyed his time there, 
he says, and they enjoyed having him, 
He rejects completely any suggestion 
that they wanted to see him go. But 
the contribution of somebody from 
outside springs from the  person’s 
different background and different 
way of thinking. “He treads water for 
a while, learns to understand the 
issues and how to handle the machine. 
Then he can make a distinct con- 
tribution. But after some years he 
loses the advantages an outside back- 
ground is supposed to confer”. 

He has now applied the lesson to 
himself. At Defence, he says, he had 
become part of the furniture. “I was 
with my fourth secretary of state, my 
third permanent secretary, and my 
sixth chief of defence staff”. Con- 
tinuity has its own contribution to 
make, he says. “But [I’m not con- 
vinced that I was bringing to it as 
much as I had done, say, two years 
ago, though’’—and this with a twinkle 

“I knew very well how to put a 
drop of oil into the machine”. He 
now has more oil, and a smaller 
machine. 
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(continued from page 200) 
come next spring, will deal with storage 
of unprocessed waste, and will no doubt 
be optimistic too. 

When the three parties under the 
prime minister, Mr Falldin, began their 
coalition rule, they anticipated difficulty 
over the nuclear power issue, and they 
wrote into their common programme 
the possibility of holding an advisory 
referendum if they failed to agree. 
But the consequences of a referendum 
have changed in the last few weeks, 
since Fälldin threatened to resign if 
the vote went against him. So a re- 
ferendum would simply be an election 
in another guise. In fact a general 


THE most recent technical tour de 
force of genetic engineering to 
receive attention in the media is the 
production of the human neuro- 
hormone somatostatin from a syn- 
thetic gene inserted into bacteria. It 
was disclosed in a rather unorthodox 
fashion at a recent US Senate sub- 
committee enquiry into the need for 
federal legislation to control research 
on recombinant DNA. The disclosure 
was made by Philip Handler, Presi- 
dent of the US National Academy of 
Sciences, who cited the work as 
evidence for the potential benefits of 
such research. 

There is no doubt that this latest 
achievement, which is due to a 
team led by Herbert Boyer of the City 
of Hope Medical Center in California, 
is an important technical step for- 
ward. Insulin genes were successfully 
transplanted into bacteria earlier this 
year, but it has so far proved 
impossible to get the bacteria to 
produce insulin from them. Boyer’s 
team, instead of isolating and trans- 
planting a real gene, synthesised a 
nucleotide sequence corresponding to 
the sequence of 18 amino acids that 
go to make up somatotropin. That 
gave them an ‘artificial gene’ which 
they have not only inserted into 
bacteria, but persuaded the bacteria 
to decode into somatostatin. 

Boyer and his colleagues have been 
reluctant to disclose details of their 
experiments because the work is still 
unpublished, But it seems that the 
‘artificial gene’ was inserted into a 
plasmid containing part of the 
bacterial lac operon—a package of 
bacterial genes that controls the 
production of the enzyme #-galacto- 
sidase. The somatostatin gene was 
placed in the middle of the B-galacto- 
sidase gene, where the two gehes 
would be transcribed together under 
the control of the lac promotor gene. 
The resultant RNA was apparently 
translated into a hybrid protein from 


election is, according to Falldin, a 
distinct possibility. 

With Fälldin’s position hardening, 
the government will have to deal with 
applications expected from the State 
Power Board early next year to load 
the Ringhals 3 and Forsmark 1 re- 
actors. The Prime Minister has already 
refused to allow Ringhals 3 to be 
loaded once, saying that the State 
Power Board had not fulfilled the 
security conditions, and he has recently 
said that if it is loaded he will resign. 
March will be no less momentous a 
month. President Carter is then ex- 
pected to enlarge on his proposal to 
store Sweden’s (and other countries’) 


which the somatostatin could be 
chemically cut off. 

How important, in general, is this 
technique? And specifically, how 
important is the artificial production 
of somatostatin? The main point 


Proteins from 
synthetic genes 
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about the technique is that it shows 
that it is possible to induce bacteria 
to make animal gene products. The 
demonstration that this can be done 
with synthetic genes may have two 
important consequences. First, there 
is mounting evidence that the genes 
of higher animals are different from 
those of bacteria in that they contain 
regions of DNA that do not code for 
the final protein. Since it is unlikely 
that a bacterium would be equipped 
to cope with such discontinuous 
genes, it is important to know that a 
simple coding sequence can be used 
instead of an actual gene. Second, 
there are now many cases in which 
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unreprocessed spent fuel in the USA. 
Falldin’s coalition partners are re- 
portedly willing to accept Carter’s 
invitation, but Falldin is doubtful 
about releasing spent fuel to storage 
facilities which have had their own 
technical troubles. Also in March the 
Energy Commission is to present its 
report on alternative energy futures 
to Parliament. Whether it will be able 
to come up with some viable transition 
to environmentally-benign energy pro- 
duction is as yet unknown. But unless 
it does, Falldin’s tactics seem bound 
to end in either a devastating loss of 
face for his party, or in his own 
resignation. (J 


what is needed for medical purposes 
is not the natural protein but a 
specific analogue of it. If bacteria 
can be made to produce the original 
from an artificial gene, then they can 
presumably also work on an artificial 
gene coding for an analogue. 

There are also two important 
limitations on the technique, how- 
ever. First, it is only practical to 
make synthetic genes for relatively 
small molecules, and small molecules 
are not very difficult to synthesise by 
traditional means. Whether genetic 
engineering will eventually prove the 
cheaper way it is hard to gauge. 
Second, the particular method 
Boyer’s team used to clip the soma- 
tostatin out of the hybrid protein is 
not generally applicable. It depends 
on the fact that the bacterial protein 
contains a specific chemical group 
that is not present in somatostatin. 
However, it is present in most 
proteins. 

Somatostatin itself is unlikely to 
be very widely used for clinical 
purposes. It inhibits the release of 
the hormones glucagon, thyrotrophin, 
prolactin, gastrin and insulin. Because 
of its inhibition of hormones that 
act against insulin, it has been 
clinically tried in cases of extreme 
insulin-resistant diabetes (less than 
Sw of diabetics). But because of its 
effects on other hormones, and the 
fact that it inhibits the aggregation 
of platelets and may thus predispose 
to haemorrhage, it is most unlikely 
to find more widespread application. 
Attempts have been made to find 
analogues with more specific action, 
but they have so far failed and it may 
be that all the diverse actions of the 
neurohormone depend on the same 
chemical feature. 

At this stage, therefore, the 
remarkable achievement of Boyer 
and his collaborators remains an 
advance in principle rather than in 
practice. 
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IN BRIEF 
Reactor choice soon 


Consultations held by Britain’s energy 
minister, Mr Anthony Wedgwood 
Benn, on the country’s choice of 
thermal nuclear reactor, are drawing 
to a close now that most submissions 
from interested parties on the subject 
have been received. A decision is 
expected before Christmas. 

The latest submission on the issue 
has come from the Trades Union Con- 
gress (TUC), representing Britain's 
labour movement. Its fuel and power 
industries committee wants the im- 
mediate ordering of an AGR station 
with another later, and a major effort 
to work up a detailed and acceptable 
PWR design before a decision on a 
third station is made. The committee 
also supports the construction of a 
demonstration breeder reactor and of 
expanded reprocessing facilities at 
Windscale. 


SOcIOBIOLOGY seeks to explain that 
human social behaviour has a genetic, 
and, therefore, an evolutionary back- 
ground, which has long been obvious 
for other orders of animals, especially 
the Hymenoptera. Against the accept- 
ance of this concept is the fact that 
many people dislike being compared 
with monkeys and object even more 
to being told that they resemble 
insects. 

I am becoming increasingly nervous 
about my behaviour being the result 
of millions of years of evolution, a 
conclusion I have to reach if | 
embrace the teachings of socio- 
biology. The thought puts me on my 
mettle: I should try not to let my 
genes down. My behaviour is a rather 
poor illustration of a progressive 
evolutionary process, but the socio- 
biologists say that social evolution 
may indeed be occasionally reversible. 
Other nagging questions assail me: 
Should I obey my impulses because 
these promptings are the result of 
inherited patterns of mental pro- 
cesses? Or should I suppress these 
impulses in the biological interests of 
benefiting my group? Or should I try 
to shape up so as to be a survival 
machine for my genes, which, says 
Richard Dawkins, “swarm in huge 
colonies, safe inside gigantic lumber- 
ing robots, sealed off from the outside 


world . their preservation is the 
ultimate rationale of our exist- 
ence... "2 


In any case, the subject of socio- 
biology merits attention because Dick 
Lewontin dislikes it, and he is a man 
of strong convictions on important 
issues. Moreover, perhaps socio- 
biology could be an interesting chal- 





Last month the country’s two main 
electricity boards, the CEGB and 
SSEB, submitted their views to the 
Department of Energy. The depart- 
ment has also published virtually ‘n 
full the report of an assessment of the 
three reactor types under consideration 
by the National Nuclear Corporation. 


ACORD members named 


The chairman of the UK Science 
Research Council (SRC), Professor 
Geoffrey Allen, has stepped into 


another appointment recently vacated 
by his predecessor at SRC, Sir Sam 
Edwards: membership of the Advisory 
Council on Research and Development 
for fuel and power (ACORD). Dr 
Joseph Gibson, the board member for 
science at the National Coal Board, 
joins ACORD as NCB representative. 

ACORD, with 10 longer-serving 
members drawn entirely from industry, 


lenge to the pan-selectionist school of 
evolutionists, who object to the pro- 
posal, made by the so-called ‘neutral- 
ists’, that amino acid replacements in 
homologous proteins of different 


On sociobiology 


THOMAS H. JUKES 


species are often changes that have no 
effect on the properties of the protein, 
but are incorporated by genetic drift. 
The neutral model also says that 
many mutations are deleterious and 
are rejected by natural selection, and 
a few become accepted by a species 
because they are advantageous. 

The opposing view states that each 
amino acid in a protein must have a 
unique survival value in the pheno- 
type of the organism. Would etholo- 
gists extend this general principle to 
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will shortly have to take a serious 
decision: how to advise Benn on the 
Severn Barrage schemes for tidal 
power, which will help to energise 
Britain but may radically alter the 
ecology of her greatest estuary. 


SA’s nuclear optimism 


With the controversy over South 
Africa’s nuclear intentions still volatile, 
the president of the South African 
atomic energy board, Dr Ampie Roux, 
has said that if the United States cuts 
off supplies of nuclear fuel for the 
Koeberg nuclear station north of Cape 
Town, his country’s uranium enrich- 
ment process could ensure supplies 
within a few years of the station’s 
Start-up date in the early 1980s. Dr 
Roux also said that South African 
uranium output would increase to 
make her the West’s second largest 
producer after the United States. 


behavioural phenomena? Perhaps the 
idea of neutral hereditary changes 
could be extended to explain certain 
habits that have little to commend 
them, or it could even account for 
harmless quirks that have no par- 
ticular bearing on our survival as a 
species. A leading  sociobiologist 
reassuringly says that only about 10% 
to 15% of human social behaviour is 
genetically based, but I don’t know 
what has led him to such a quantita- 
tive assessment. The same author 
says, “The hypothalamic-limbic com- 
plex antomatically denies . . . logical 
reduction by replacing it with feelings 
of guilt and altruism”. In other words, 
our emotions, which are part of our 
inheritance, prevent us from reaching 
conclusions based on logic. This is a 
facile way of disarming criticism, of 
course, 

It seems to me that sociobiology 
aggravates its opponents by the 
ingenuity with which it produces 
explanations to make observations fit 
a theory. To a considerable extent, 
pan-selectionism has done the same 
by finding an adaptive advantage for 
each phenotypic trait. We are told 
that even the hair-pattern on our 
backs was selected by evolution in 
our ancestors to help shed the rain as 
they crouched on the branch of a tree 
during a tropical storm. 

Perhaps those who disbelieve and 
spurn sociobiological teachings may 
be responding to a genetic trait. The 
struggle against pre-ordained fate 
could in itself have a survival value. 
This struggle may include the rejec- 
tion of theories that tell us we are in 
the grip of determinism imposed by 
our genes. 
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news and views 





Gametes of malaria parasites 


from F. E. G. Cox 


Ir has always been one of the major 
aims of parasitology to maintain para- 
sites in culture and to minimise as far 
as possible the use of human subjects 
or laboratory animals. A year ago, the 
possibility of growing all stages of the 
human malaria parasite, Plasmodium 
falciparum, in culture was brought a 
step nearer when Trager and Jensen 
(Science 193, 673; 1976) described the 
continuous cultivation of the blood- 
inhabiting asexual stages of this para- 
site in a simple medium. The next 
stage in the malaria life cycle is the 
development of gametocytes (the stages 
that infect mosquitoes) from the 
asexual stages in the blood and in this 
issue of Nature (page 240) Carter and 
Beach describe how this can be 
achieved in vitro. The early stages of 
P. falciparum that invade red cells can 
develop into either asexual stages, a 
process which takes about 18-24 h, or 
into gametocytes which takes about 10 
days (Smalley Nature 264, 271; 1976). 
It was the development of the asexual 
stages that Trager and Jensen achieved. 
Carter and Beach observed that in 
cultures of P. falciparum maintained in 
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Trager’s medium, without the dilution 
that is usually carried out, obvious 
immature gametocytes were present 
after the expected 10 days. The 
problem was how to bring these stages 
to maturity. This was achieved by 
adding 50% human serum instead of 
the usual 10% to the cultures and 
after 8 days morphologically mature 
gametocytes were present. The next 
step was to confirm that these game- 
tocytes were functionally mature. by 
transforming them into gametes and 
this was done by suspending the game- 
tocytes in foetal calf serum at pH 8.0 
or human serum at pH 8.2. Trager’s 
culture. medium requires a pH of 7.3- 
7.4 for the growth of asexual stages 
so it is essential to change the pH in 
order to bring about these trans- 
formations. 

The gametocytes and gametes pro- 
duced by Carter and Beach look 
normal in every way and occur in 
similar proportions of male to female 
(1:3.5 compared with 1:4) to those 
in humans. There is no reason to doubt 
that they should be able to infect 
mosquitoes.. This means that it should 
now be possible to complete the asexual 
and sexual cycles of P. falciparum 
without the need for a mammalian 


Coevolution of Calvaria and the dodo 


from Robert M. May 


MUTUALISTIC associations, in which 
two species interact in such a way that 
each benefits from the presence of the 
other, are fascinating for several 
reasons. For the theoretician, they are 
increasingly shedding light on the 
interplay between the long sweep of 
evolution and the immediate dynamical! 
effects of population interactions (for 
example, King, Gallaher & Levin J. 
theor. Biol. 53, 263; 1975). For the 
naturalist, and even for the pure 
aesthete, they provide some of nature’s 
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richest wonders: the homes and food 


that many tropical acacias supply for 
their protective ants; the nectar 
supplied by flowering plants as the 
price for pollination; the almost erotic 
coupling between many tropical 
orchids and their obligate bee pol- 
linators. 

One class of mutualistic interactions 
we should all be grateful for is that 
between fruit-producing plants and the 
animals that disperse their seeds. The 
fleshy part of the fruit is the cost the 
plant pays to induce animals (typically 
birds) to eat the fruit; the associated 
benefit is that the seeds, having taken 
some time to pass through the animals, 


host. It will next be necessary to grow 
the liver stages of the parasite in vitro 
but this should not present any in- 
superable difficulties. In the meantime, 
numerous experiments on the infec- 
tivity of P. falciparum to mosquitoes 
have become possible. 

.The question as to how long the 
gametocytes of P. falciparum are in- 
fective to mosquitos is an interesting 
one. Hawking, Wilson and Gammage 
(Trans. R. Soc. trop. Med. Hyg. 68, 
549; 1971) calculated that gametocytes 
were produced in a circadian pattern 
and that they would be infective for 
only a short period. Bray, McCrae and 
Smalley (Unt. J. Parasit. 6, 399; 1976) 
on the other hand, found no evidence 
for a circadian rhythm and Smalley 
and Sinden (Parasitology 74, 1; 1977) 
showed that, in humans, gametocytes 
are infective for 2 weeks or more. The 
observations of Carter and Beach 
suggest that gametocytes can mature 
to gametes for several days at least and 
this supports the observations of 
Smalley and Sinden. The technique 
itself will be useful in resolving prob- 
lems of this kind in future. It should 
also be possible to test the effects of 
drugs on gametocytes—-a hitherto 
relatively unexplored field. E 


are spread widely. The fruits we eat are 
the direct or horticulturally-improved 
outcome of such coevolutionary cost- 
benefit calculations. 

In systems of this kind, a major 
design problem is producing a seed that 
can survive the passage through the 
digestive tract of the fruit-eating ani- 
mal. A partial answer is to speed the 
passage of the seed: hence the mildly 
laxative effect of many fruits (notably 
prunes), 

All this brings us, rather surprisingly, 
to the dodo. This large, flightless bird 
was endemic to the 700-square-mile 
island of Mauritius. Its disappearance 
by 1681 is probably the most familiar 


Nature Vol. 270 17 November 1977 





The Dodo (Raphus cucullatus) 


example of an extinction directly 
attributable to man: ‘The Dodo used 
to walk around/And take the sun and 
air./The sun warms his native ground 
—/The Dodo is not there! /The voice 
which used to squawk and squeak/Is 
now forever dumb—/Yet may you see 
his bones and beak/All in the 
Mu-se-um.” (Belloc, The Bad Child's 
Book of Beasts, Dover reprint, 1961; 
see also Hachisuka, The Dodo and 
Kindred Birds, Witherby, 1953). 
Stanley Temple (Science 197, 885; 
1977) has drawn attention to the fact 
that the large monoecious tree Calvaria 
major, which according to historical 
records was once abundant and ex- 
ploited for lumber on Mauritius, also 
seems to have undergone a trauma 
dating back to the dodo’s demise. 
There were by 1973 only 13 Calvaria 
major trees surviving in the remnant 
native forests of the island, and all 13 
were estimated to be more than 300 
years old. No younger specimens are 
known to exist, even though the surviv- 
ing trees produce well-formed, 
apparently fertile seeds each year. 
None of these seeds now germinate 
naturally, even if planted in nursery 
conditions. 

Temple notes that, although there 
are several examples where the 
elimination of a plant species has been 
deleterious for an associated animal 
species, the Calvaria-dodo system may 
be the first documented instance where 
disappearance of the animal partner 
has doomed a mutualistic plant species. 
The mechanism suggested by Temple 
is that the seed inside the Calvaria 
fruit developed a coat (endocarp) thick 
and strong enough to resist crushing in 
the powerful gizzard of the dodo. As a 
result, ‘these specialised, thick-walled 
pits could withstand ingestion by dodos. 
but the seeds within were unable to 
germinate’ without the coat first being 
battered and abraded by the stones in 
the dodo’s gizzard. 

In support of this hypothesis, Temple 
observes that the Calvaria fruits are 
today consumed bv some frugivorous 
animals. notably a parakeet and a 
flying fox, but that none is large 


enough to eat the fruit whole, and 
thus disperse the seed. The dodo was 
large enough, and therefore it was pre- 
sumably the customer for whom the 
tree designed its fruit, There is fossil 
evidence that dodos ate Calvaria 
fruit. Furthermore, measurements of 
the crushing forces generated by the 
stones in the gizzards of granivorous 
birds from several taxonomic groups 
(ranging in body weight from 0.8 to 
3.2 kg) give a formula which, when 
applied to the 12-kg dodo, suggest 
crushing forces of around 10‘ kg m™ in 
its gizzard. Calvaria pits are strong 
enough to withstand these forces, but 
only just: Temple suggests that once 
the pit had been sufficiently abraded 
to reduce its size by 30%, the seed 
would be crushed. But by then some 
of the seeds would have passed through 
the dodo, albeit after a battering which 
would weaken the endocarp and facili- 
tate germination of the infant plant 
within. 

As an experimental test of his ideas, 
Temple force-fed Calvaria seeds to 
turkeys, whose gizzards generate crush- 
ing forces around 4,000 kg m™’, fairly 
close to those inferred for dodos. Of 
17 seeds, seven were crushed. The re- 
maining 10 were either regurgitated or 
defaecated, some after up to 6 days. 
These 10 seeds were planted in nursery 
conditions, and three subsequently 
germinated. Temple concludes that 
‘these may well have been the first 
Calvaria seeds to germinate in more 
than 300 years.’ E 


More evidence for 
a closed Universe 
from QSOs 


from T. Kiang 


FURTHER evidence that quasars (QSOs) 
can provide information on the nature 
of the Universe comes from the work 
of Chinese astronomers. Their work 
complements the recent observation of 
the ultraviolet spectrum of the QSO 
3C273 by Davidsen er al. (Nature, 269, 
203, 1977; News and Views 269, 195; 
1977). The Chinese astronomers have 
constructed Hubble diagrams for vari- 
ous subsets of radio QSOs using a dif- 
ferent luminosity indicator from 
Davidsen er al., but come to essentially 
the same conclusion. 

It has long been realised that one of 
the best means to decide whether the 
Universe is open (the declaration para- 
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meter qo less than 4 and the Universe 
expanding for ever) or closed (qo 
greater than 4 and the Universe 
eventually falling back on itself) is by 
means of the Hubble diagram, in 
which the redshift z is plotted against 
the apparent magnitude m. (The red- 
shift is the reddening of the light 
from stars and galaxies due to their 


recession). But the relations pre- 
dicted by different cosmologies 
become distinguishable only when 
the redshifts extend beyond the 


present limit (~ 0.5) for the galaxies. 
That is why the discovery of QSOs 
with much higher redshifts brought 
high hopes. However, these hopes 
were soon dashed, for the first 
Hubble diagrams for QSOs looked like 
pure scatter diagrams, showing hardly 
any trend whatever. Subsequently, 
some astronomers took the view that 
the QSO redshifts are ‘intrinsic’ and 
not ‘cosmological’ at all. 

Most astronomers, however, held to 
the view that these redshifts are at 
least largely a distance effect, and that 
the featureless Hubble diagram is due 
to the sample being a mixture of many 
different types of object. In support of 
this view, Setti and Woltjer (Astro- 
phys. J. Lett. 181, L61; 1973) showed 
that, if the sample is restricted to 
QSOs with steep radio spectra, then 
the scatter is much reduced, and a 
trend of the expected kind can be 
seen. Similarly, Stannard (Nature 236, 
295: 1973) found that the same thing 
happens if only objects with flat 
spectra are considered. But in these 
diagrams, there is still a large dis- 
persion, which is attributed to spread 
in luminosity within each type. 
Further progress thus awaits the 
identification of some ‘luminosity in- 
dicator’, and that is where J. A. 
Baldwin’s recent demonstration of the 
correlation between La intensity and 
continuum luminosity comes in 
(Astrophys. J. 214, 679; 1977). Using 
the equivalent width of La as a lumin- 
osity indicator, Davidson er al. identi- 
fied five quasars with z between 2.3 
and 3.4 which are presumably as 
luminous as 3C273 at z = 0.158. Here 
at last is a Hubble diagram for objects 
of a limited luminosity range, and this 
fact is probably more significant than 
the particular result they obtained 
(gq) ~ +1) which the authors are quick 
to point out, critically depends on 
what one assumes for the galactic red- 
dening in the direction of 3C273. 

The diagram by Davidsen ef al. is 
not the first one of its kind. In a paper 
in the Chinese journal Acta astro- 
nomica sinica (17, No. 2, 134; 1977; 
English translation in Chinese Astro- 
nomy, 1, No. 2, in the press) an 
entirely different luminosity indicator 
was used and Hubble diagrams for 
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various subsets of radio QSOs con- 
structed, leading to a value of 
qo = +1.38. The authors of this paper 
are Fang Li-zhi, Zhou You-yuan, 
Cheng Fu-zhen and Chu Yao-quan 
from the University of Science and 
Technology of China—names quite 
unknown in the West. 

Confining their attention to those 
QSOs with resolved radio com- 
ponents, these authors propose that 
the linear separation D between the 
components be used as a luminosity in- 
dicator. (They eventually back up this 
suggestion by actually deriving a value 
for the rate of change of the optical 
luminosity with D). Since D is not 
directly observable, a rather subtle 
statistical argument was used in getting 
plausible estimates of D. Starting with 
observed angular separation @ and red- 
shift z, and assuming a distance—red- 
shift relation r = r(z), one calculates 
the projected distance r8, which differs 
from D by a projection factor sin y. 
say. Now, in an isotropic distribution 
of directions in space, sin ¥ is 
concentrated near its large end value 
of 1. The authors argue that what one 
can do here is to take only those 
quasars with r@ values at or close to 
the observed maximum rê value at the 
given z, and then simply set D = r0 
for such objects. In this way, from a 
sample of some 90 radio quasars with 
known @ and z, they picked out 26 for 
which such indicative values of D can 
be assigned. Separate Hubble diagrams 


were then constructed for various 
ranges in D. 
Rather tight correlations consist- 


ently appear in these diagrams, which 
typically have 10 data points and a 
scatter of about 0.6 magnitudes. But 
the linear regression coefficient of m 
upon log z departs significantly from 5, 
which means that the classical Hubble 
relation r(z}x z is no longer valid. In a 
self-consistent series of calculations, 
the authors then found that, in order 
to recover a slope of 5, the regression 
analysis must be made between m and 
log (z—0.19 z’). This is equivalent to 
saying that the correct distance-red- 
shift relation is of the form 
r(iz)Xz~0.19 2’, and that is how the 
formally precise value of qe = +1.38 
was obtained, because in relativistic 
models, the coefficient of z? here is 
equal to 4(1—q). 

Although the true uncertainty in 
this determination must be very much 
larger than the formal value implies, 
it is probably not as large as in the 
derivation by Davidsen er al., because 
the sample is larger and the sample 
points more evenly distributed. The 
two results complement each other in 
that one deals with flat-spectrum 
objects and the other, mainly steep 
spectrum objects. They agree in saying 


that the Universe is probably closed. 
On the other hand, because of con- 
sistent failure in detecting sufficient 
mass in one form or other, astro- 
nomers in recent years have become 
more and more disposed towards the 
opposite alternative of an open 
Universe—this, for example, was very 
much the general feeling in the recent 
Symposium on Large-Scale Structure 
of the Universe, held at Tallinn, 
Estonia. o 
The determination of qə tacitly 
assumes that no change of luminosity 
has taken place in time. Hence the 
challenge now is to find a physically 
plausible model of luminosity evolu- 
tion that will account for both a low 
mass density and a high value of qo. 
The evaluation of gs is only one of 
several results obtained by Fang Li-zhi 
et al. Many astrophysicists may find 
their result that the optical luminosity 
of a quasar decreases by 2.3 magnitudes 
for every megaparsec increase in the 


linear separation between its radio 
components to be even more 
important. E 


Magnetic moments 
of short-lived 
nuclear states 


from P. E. Hodgson 


A NEW method of measuring the 
magnetic moments of nuclear states of 
very short lifetime has recently been 
developed by N. Benczer-Koller and 
colleagues at Rutgers University, and 
some preliminary results have just 
been reported at the recent conference 
on nuclear structure held in Tokyo in 
September. They -have applied the 
method to several isotopes of iron, 
nickel and zinc and obtain results that 
are important for testing nuclear 
models. 

In this method, a 72 MeV beam of 
“S ions hits the target material, which 
is deposited on a 2mg.cm™ layer of 
magnetised iron backed by 10 mg cm” 
copper, as shown in the figure. Some 
of the target nuclei are excited, and 
these recoil through the iron and stop 
in the copper, where they decay by 
gamma emission. The energy of the 
gamma ray identifies the state of ex- 
citation of the recoiling target nucleus. 

The gamma rays are detected in 
coincidence with the “Sions recoiling 
in the direction opposite to that of the 
incident beam. This ensures that the 
knocked-on target nuclei pass perpen- 
dicularly through the magnetised iron 
so that the length of their path in that 
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material is accurately known. As the 
target nuclei pass through the 
magnetised iron their magnetic 
moments precess and the angle of 
precession is measured by the rotation 
of the angular distribution of the de- 
excitation gamma rays, A@ ~ g f Bdr. 
The value of J Bdr and the constant of 
proportionality are determined by a 
subsidiary experiment using ions of 
known magnetic moment, so that a 
measurement of A @ enables g to be 
found. It is sufficient for practical pur- 
poses to use an empirical relation 
describing the dependence of B on the 
velocity of the ion; this is- quite 
different from the theoretical relation, 
but this lack of understanding of the 
process does not affect the determina- 
tion of the magnetic moments. 

As an example of the results 
obtained, the magnetic moment of the 
lowest 2* state of “Fe, that has a mean 
life of only 1.4ps, is found to be 
1.68 + 0.38. Magnetic moments have 
also been determined for the lowest 
2* state of "Fe, and for the same states 
of four isotopes of nickel and four 
isotopes of zinc. In some cases the 
magnetic moments were already 
known from other work, and the new 
and old values are in good agreement. 

This method has many advantages 
over those used previously. The high 
magnetic field inside a ferromagnet 
enables the magnetic moments of 
states with lifetimes in the ps region 
to be measured, whéreas the methods 
using laboratory magnetic fields are 
limited to states with lifetimes in the 
ns region. Since the ion is moving 
rapidly through the magnetised iron 
and does not stop there the results do 
not depend: onthe rate of energy loss 
at low velocities. This is a major 
source of uncertainty in the methods 
in which the ions come to rest in the 
iron. Furthermore, A @is independent 
of the lifetime of the ion providing it 
is sufficient for the ion to pass through 
the magnetised region. 

The magnetic moments of excited 
states can be calculated from the shell 
model, and provide a searching test of 
its validity. The new results for the 
nickel isotopes disagree with shell 
model calculations that take no 
account of core excitation, but are in 


good accord with newer calculations 


that include fya core excitation, (0 
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Epiphyte or parasite ? 


from Peter D. Moore 


Ir is not difficult to define the 
difference between an epiphyte and a 
parasite; the former depends on an- 
other organism simply for support 
whereas the latter exploits its host in 
a manner which is normally beneficial 
to the parasite but detrimental to the 
host. Neat definitions, however, are 
not always easy to apply in complex 
field situations. Take, for example, the 
relationship between the robust, 
brown, fucoid alga Ascophyllum 
nodosum, which is abundant in the 
intertidal zone of most of the more 
sheltered shores around the British 
Isles, and the small red alga, Poly- 
siphonia lanosa, which is almost in- 
variably associated with it. The red 
alga adheres strongly to its host, since 
its thallus actually penetrates the 
tissues of Ascophyllum. Where the 
biomass of the host is greatest, there 
one finds the greatest density of Poly- 
siphonia also. Here is a perfect situa- 
tion in which the epiphyte/parasite 
debate can be staged. 

One can see certain advantages in 
the epiphytic habit in this type of algal 
community. Elevation during im- 
mersion provides obvious benefits, for 
the mass of floating fronds of the 
brown alga, buoyed up by air bladders, 
must cast a considerable degree of 
shade upon any bottom-dwelling algae. 
At the same time, close association 
with Ascophyllum could make life 
more comfortable during the periods 
of immersion when extremes of varia- 
tion in temperature, relative humidity, 
salinity and light intensity would be 
dampened by the presence and pro- 
tection of a mucilaginous mass of limp 
fronds. Simple epiphytism would not, 
therefore, be an unreasonable expecta- 
tion in such a circumstance. 

The possibility that Polysiphonia is 
more than an innocuous passenger 
demands examination, however, for 
the attachment of the red algal thallus 
to its host seems remarkably secure 
for a species association which is found 
only where wave action is very slight. 
An examination of the anatomy of the 
attachment region by Rawlence and 
Taylor (Can. J. Bot. 48, 607; 1970) 
showed that rhizoids of the ‘epiphyte’ 
penetrated deeply into the thallus of 
Ascophyllum. 

Citharel (C. r. Séanc. hebd. Acad. 
Sci. Paris, Ser D, 274, 1094; 1972) used 
a physiological approach to the prob- 
lem, considering that, since no true 
epiphyte would take up metabolites 
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from its host, any demonstration of 
transport of reduced carbon from the 
brown alga to the red would provide 
grounds for an accusation of hemi- 
parasitism. Citharel chose glutamic 
acid as the most likely vehicle of 
carbon transport, since this is the most 
abundant free amino acid in the 
Ascophyllum thallus. He injected “C 
labelled glutamic acid into the thallus 
of Ascophyllum and observed its ac- 
cumulation in Polysiphonia within 
12h. He concluded that, contrary to 
the opinion of such algal authorities 
as Fritch, Polysiphonia should be con- 
sidered a partial parasite. The demon- 
stration of such a transfer does not, 
however, necessarily infer that the red 
alga is dependent upon Ascophyllum 
as a carbon source, indeed Harlin and 
Craigie have argued that it is not (J. 
Phycol. 11, 109; 1975). 

A further complication has now 
been brought to light by translocation 
experiments by Turner and Evans 
(New Phytol. 79, 363; 1977). They sup- 
plied “C-labelled bicarbonate ions to 
Ascophyllum tissues and studied trans- 
location of the label to parts of the 
plant isolated from the initial supply, 
and also into tissues of Polysiphonia at- 
tached to the host plant. In this way 
they hoped to overcome two possible 
objections to the experiments of 
Citharel, first that the labelled com- 
pound supplied by him was not in fact 
the product of photosynthetic activity 
in Ascophyllum and, second, that 
transport of metabolite could occur by 
secretion into the surrounding medium 
and reabsorption by Polysiphonia, or 
even by way of the mucilage surround- 
ing the species. The outcome of 
Turner and Evans’ experiments dem- 
onstrated that there was no transloca- 
tion of the label in the tissues of 
Ascophyllum either with or without 
attached Polysiphonia. This means 
that if Polysiphonia is acting parasiti- 
cally it can only exploit the cells m the 
immediate vicinity of the rhizoids, for 
the lack of translocation in the host 
will preclude any wider effect of such 
parasitism. They also demonstrated 
that Polysiphonia was able to ac- 
cumulate "C from labelled bicarbonate 
in the surrounding medium, confirm- 
ing the independent carbon assimila- 
tion of the red alga, but they further 
showed that the ‘epiphyte’ was able to 
take up and use exogenously supplied 
labelled glucose. 

So the question of whether or not 
Polysiphonia lanosa is a true epiphyte 
of Ascophyllum nodosum still remains 
unanswered. What is now clear is that 
if Polysiphonia depends upon its host 
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for more than support in a physical 
sense, it will be limited in its success 
by the lack of movement of metab- 
olites in the host tissue and will be 
dependent on a local exploitation of 
cells or the absorption of materials 
secreted into the surrounding medium. 
As Turner and Evans point out, how- 
ever, one cannot be sure that carbon 
is the sole object of any parasitism 
which occurs. Perhaps some other 
element is being sought, or even an 
organic growth factor. go 


Indo-Pacific 
drums reviewed 


from a Correspondent 


Tue drums or croakers are fishes of 
very great commercial importance 
throughout tropical seas especially in 
shallow regions and where large rivers 
join the sea. They derive their common 
names from their habit of making loud 
noises of one kind and another; indeed 
it is claimed that native fishermen of 
South-east Asia only set their nets 
when their leader has heard the fish 
approaching the area. Because of their 
economic importance fishery workers 
in various countries have made numer- 
ous studies of their biology and aspects 
of their life history, and some have 
attempted taxonomic studies to estab- 
lish some kind of phylogeny as well as 
a valid nomenclature. Notable amongst 
these was the work of Y. T. Chu, Y. L. 
Lo, and H. L. Wu, A study of the classi- 
fication of the sciaenoid fishes of China, 
with descriptions of new genera and 
species, Shanghai Fisheries College, 
1963, with a short English summary. 
Chu et al. produced a work of funda- 
mental importance in which they 
placed considerable emphasis in classi- 
fication on the structure of the otoliths 
and the swimbladder. Their synthesis 
proved to be a major landmark in 
understanding this group of fishes 
although necessarily it was largely con- 
fined to Chinese waters (where their 
commercial importance is very great). 

However. their work has now been 
amplified and refined by a major re- 
vision, The sciaenid fishes (croakers or 
drums) of the Indo-West-Pacific by 
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Johnius coitor (Hamilton An account of the fishes of the Ganges, 1822). 


Ethelwynn Trewavas (Trans. zool. Soc. 
Lond. 33, 253; 1977). Trewavas has 
expanded the area covered by major 
revisionary studies quite logically to in- 
clude the less well known, but equally 
important, Indian Ocean species. Much 
of the new synthesis is founded on the 
form and structure of the swimbladder 


and otoliths for, having extended 
knowledge of these two organs, 
Trewavas finds them well found as 


major characters. 

The degree of development of the 
swimbladder is a fascinating study and 
six main types are identified among the 
Indo-Pacific species. At its least elabor- 
ate the swimbladder is a simple large 
gas-filled sac with no appendages. 
Relatively few species (mostly Atlantic 
in their distribution) possess this form. 
Other types have diverticula running 
from the anterior end of the swim- 
bladder and variously directed back- 
wards or forwards (in one group 
running forwards into the head to 
underlie the skull), but in the sub- 
family Otolithinae the swimbladder is 
decorated with paired series of between 
9 and 53 diverticula, mostly elegantly 


branched. In one tribe, Collichthyini, 


within this subfamily the diverticula 
are so developed that posteriorly their 
limbs enwrap the viscera, a situation 
which is paralleled in a distantly related 
West African family. 

The large size of the otoliths of the 
sciaenid fishes is well known, both to 
science and to folklore (a necklace 
made of otoliths of a drum was found 
in a Californian Indian archaeological 
site), and names such as Otolithinae 
used within the group indicate that 
they have long been accepted as 
characteristic. Trewavas has extended 
the previous application of this feature 
to the taxonomy of the group, describ- 
ing several new types and rationalising 
the nomenclature of the parts of the 
Sagitta used by previous workers. 

The net result of the analysis of 
otolith and swimbladder structure as 


well as conventional taxonomic 
methods, such as fin ray, vertebra and 
scale counts, and morphological differ- 
ences, is to produce a fundamentally 
important taxonomic work. In all, 65 
species are recognised, grouped in 27 
genera and 10 tribes. Each species is 
adequately described, with diagnostic 
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characters singled out, and basic syn- 
onymies are presented, with brief dis- 
cussion on the synonymy. Keys are 
provided to all taxa as are diagnoses of 
families and genera. In total it presents 
fisheries workers in the Indian and 
West Pacific Oceans with a basic 
source for the identification of these 
important food fishes, one which was 
badly needed to judge from the syn- 
onymies presented. 

It is peculiarly apt that these fishes 
which are well known for their sonic 
abilities have now been classified 
basically by the highly specific complex 
patterns of the swimbladder and the 
otolith and inner ear. It is generally 
accepted that the former is a sound- 
producing organ, of quality in this case, 
while the latter is concerned with 
sound reception. Living as they do in 
shallow tropical seas, especially in the 
clouded waters close to and within 
estuaries, the sciaenids have developed 
a sensitive auditory system which en- 
ables them to keep together and pre- 
sumably to distinguish each other from 
other related species. 


Animal migration at Tubingen 


from Michael A. Bookman 


A Symposium on Animal Migration, 
Navigation, and Homing was held 
in Tübingen, FRG from 12-20 


August, 1977, in celebration of the 
500th anniversary of the University 
of Tiibingen. 





ALTHOUGH the Sun can be used by 
many animals as a source of compass 
information, the ability to form a 
bright image on the retina and simul- 
taneously derive accurate bearings 
without retinal damage remains puz- 
zling. J. D. Pettigrew (California 
Institute of Technology) presented 
an interesting model linking the avian 
pecten occuli to solar orientation. 
Light scattered from the Sun’s image 
on one edge of the retina would be 
interrupted by the pecten, which would 
cast a well-defined linear shadow over 
the temporal fovea adjacent to the 
image of the horizon. Peripheral imag- 
ing of the Sun prevents serious retinal 
damage while information is relayed to 
orientation-selective edge detectors in 
the visual wulst of the brain. With the 
potential for precise determination of 
the Sun’s trajectory, some people were 
undoubtedly reminded of the ‘rejected’ 





Michael A. Bookman is in the Department 
of Psychology at the Massachusetts 
Institute of Technology. 


theories of bicoordinate solar naviga- 
tion. An ingenious camera device that 
can be mounted on a pigeon’s head to 
record the free-flying line of sight was 
described by K.-L. Köhler (Fürth, 
FRG). Investigation of orientation 
strategies with such a technique may 
aid the experimental evaluation of 
Pettigrew’s model. 

The sensory capabilities of homing 
pigeons were further reported on by 
M. L. Kriethen (Cornell University), 
J. D. Delius and J. Emmerton (Ruhr 
Universitat, Bochum) and M. A. Book- 
man (Massachusetts Institute of Tech- 
nology). In the laboratory, pigeons 
have demonstrated sensitivities to 
polarised light, ultraviolet light, small 
changes in barometric pressure, infra- 
sound, and magnetic fields. Con- 
ditioning and electrophysiological 
experiments suggest that regional 
specialisation of the retina may opti- 
mise perception of polarised light. 
Sensitivity to ultraviolet light seems to 
result from the non-absorbancy of the 
pigeon optical apparatus. L. J. M. 
Leask (Clarendon Laboratory, Oxford) 
proposed that the retina may also be 
involved in the detection of magnetic 
fields by a process of optical pumping 
and anisotropic decay of triplet states. 
Improved characterisation of magnetic 
responses, such as those by W. 
Wiltschko (Universität Frankfurt) with 
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migratory birds, will help in the for- 
mulation and testing of possible sen- 
sory mechanisms. The influence of 
magnetic fields on orientation was 
further documented by C. Walcott 
(State University of New York, Stony 
Brook), who reported on the persistent 
disorientation of pigeons released near 
natural magnetic anomalies. The extent 
to which many of these sensory capa- 
bilities are made use of in navigation is 
unknown, although hypotheses abound. 

The role of wind-carried odours in 
pigeon homing was discussed by F. 
Papi and S. Benvenuti (Universita di 
Pisa), K. Schmidt-Koenig and J. 
Kiepenheuer (Universitat Tübingen), 
and R. F. Hartwick (James Cook Uni- 
versity, Queensland). Most investi- 
gators acknowledged that in some 
circumstances odours could provide 
directional cues; however, most data 
do not support a central role for odours 
in pigeon homing. In a later discussion, 
W. T. Keeton (Cornell) reasoned that 
just as a hierarchy of redundant cues 
seems to supply compass information, 
a similar hierarchy is probably used to 
obtain map information. Therefore, 
research should not aim to uncover 
‘the’ navigational scheme, because 
several schemes are likely to be used 
in different conditions. 

Odours, however, clearly occupy a 
central role in the spawning of salmon. 
A. D. Hasler and A. Scholz (University 
of Wisconsin, Madison) described a 
remarkable experiment in which hat- 
chery-raised salmon were exposed to 
chemically scented water for | month 
before their release into Lake Mich- 
igan. During the subsequent spawning 
season, small streams were artificially 
scented with the same compounds. 
Imprinted salmon were then recovered 
in large numbers from the appro- 
priately scented stream. 

The sensitivity of marine sharks, 
skates, and rays to voltage gradients on 
the order of 0.01 aV cem” was des- 
cribed by A. J. Kalmijn (Woods Hole 
Oceanographic Institute). In the lab- 
oratory, these fish oriented to mag- 
netic fields, presumably by responding 
to local electric fields induced by swim- 
ming through the magnetic field. 
Theoretically, fish could monitor natu- 
ral voltage gradients found within 
ocean currents to obtain compass in- 
formation and determine the direction 
of water flow. 

In experiments with hatchling sea 
turtles, M. Mrosovsky (University of 
Toronto) demonstrated that movement 
from the nest to the water’s edge is 
governed by a phototropic response to 
an integrative right-left balancing of 
retinal and  tectal stimulation. 
L. C. Ireland (Oakland University, 
Rochester) used ultrasonic transmitters 
to track hatchling turtles on the initial 
portion of their maiden ocean voyage. 


As yearlings, the turtles reach distant 
feeding grounds. He concluded that 
the initial directional stimulus was 
simply ‘away from land’, which per- 
haps represented an extension of 
nest-to-water movement. 

Whether migratory birds are capable 
of true bicoordinate navigation or pre- 
dominantly utilise only simpler forms 
of compass orientation remains con- 
troversial. T. C. and J. M. Williams 
(Swarthmore College) reported that 
successful migrants moving between 
North and South America seem to 
maintain a Southeast heading during 
their entire autumn migration, and 
would therefore not require a bico- 
ordinate system. S. A. Gauthreaux 
(Clemson University, South Carolina) 
observed inland daytime flights of noc- 
turnal migrants which are felt to cor- 
rect for night-time drift. These flights 
suggest that some nocturnal migrants 
may actually navigate during the early 
daylight hours. A new release and 
tracking procedure for migratory birds 
using balloons and radar was developed 
by S. T. Emlen and N. J. Demong 
(Cornell). Although complex, this tech- 
nique combines experimental control 
with near-natural flight conditions. 
Initial experiments showed that spar- 
rows were able to select meaningful 
headings when released under cloud 
layers that obscured celestial cues. (0 


A hundred years ago 


Bees killed by Tritoma 


In a friend’s garden here where there 
are quantities of Tritomas or “‘red-hot- 
pokers,” hundreds of bees have been 
this year destroyed by them. The 
honey produced by the flower is very 
abundant, and the bees enter the tube 
of the corolla to get at it; but the tube, 


which is only just large enough at the 
mouth, tapers gradually, and so the bee 
gets wedged in and cannot extricate 
itself. I saw numbers so caught, some 


in the fresh flower, while others 
remained in the completely withered 
and decaying blossoms. Perhaps it may 
be due to the fine warm days we have 
had this autumn, inducing the bees to 
work too late after our native honey- 
producing flowers have been destroved 
by the wet and frosts: or is it a regular 
thing which happens every year? If so 
bee-keepers should discourage the 
Tritoma, or set to work to select 
varieties with flowers large enough not 
to kill their bees. 
ALFRED R. WALLACE 


From Nature 17, 15 November, 45; 
1877. 
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Plasma lipoprotein 
structure 


from Angelo M. Scanu 


A workshop on Lipoprotein Struc- 
ture was held at the University of 


Chicago on 8-9 October, 1977. 





DurinG the past 10 years, many studies 


have been carried out on the structure 


of circulating Lipoproteins, relying pri- 
marily on physical and chemical tech- 
niques. The workshop provided an 
assessment of the current state of 
knowledge on the subject. 

The discussion on small-angle X-ray 
scattering was focused mainly on the 
low-density lipoproteins (LDL), where 
controversy still exists on the state of 
organisation of their surface com- 
ponents. The recent studies by V. 
Luzzati et al. (Gif-sur-Yvette, France) 
have led investigators to postulate the 
existence of ‘bumps’ or ‘spikes’, which 
were attributed to protein units pro- 
truding from the surface of the par- 
ticles. The investigations of P. Laggner 
et al. (Graz, Austria), in turn, although 
yielding essentially similar X-ray re- 
sults, were interpreted as being com- 
patible with a surface having no 
convolutions. The organisation of the 
LDL core also came under sharp 
scrutiny. There was agreement on the 
presence, in this core, of cholesteryl 
esters and triglycerides in varying pro- 
portions; the concentric smectic lamel- 
lar organisation of the cholesteryl esters 
suggested by the studies of D. Atkinson 
and G. Shipley (Boston), was disputed, 
however, by Luzzati, who proposed an 
alternative organised micellar struc- 
ture without, however, giving details. 
Agreement seems to exist on the 
notion that triglycerides influence the 
core organisation of cholesteryl esters; 
this view appears well documented by 
the results of studies on the LDL of 
animals with hyperlipidemias sec- 
ondary to the administration of 
cholesterol-supplemented dietary fats. 

Contrary to the rather extensive 
studies performed with small-angle X- 
ray scattering, the work on plasma 
lipoproteins carried out by neutron 
diffraction (H. B. Stuhrmann, FRG) 
has been comparatively modest. The 
validity of the method was recognised, 
however, and further applications were 
anticipated with suitable replacement of 
some of the LDL constituents by their 
deuterated counterparts. An elegant 
study of the naturally occurring quasi- 
crystalline egg yolk lipoprotein system 
was presented by L. Banaszak (St. 
Louis University, St. Louis), who has 
reconstructed a two-fold symmetry 
model from electron micrographs of 
negatively-stained preparations. 
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Differential scanning calorimetry is 
proving its usefulness in the study of 
plasma lipoproteins. A systematic study 
of the thermal behaviour of LDL, 
HDL, and related systems was reported 
by D. Small (Boston), who obtained 
information on the phase behaviour of 
cholesteryl esters in the core of LDL 
particles. He also investigated the 
thermal stability of HDL, particularly 
that of its major protein, apolipo- 
protein A-I. R. Biltonen (University of 
Virginia, Charlottesville), using dif- 
ferential scanning calorimetry, esti- 
mated the statistical distribution of 
cluster sizes in phospholipid bilayers, 
and H. Pownall (University of Texas, 
Houston) applied microcalorimetric 
techniques to examine the association 
between apolipoproteins and lipid 
vesicles. Fluorescence spectroscopy was 
used by A. Jonas (University of Hlinois, 
Urbana) in a study of lipoproteins and 
apoprotein—phospholipid—cholesterol re- 
combinants; she proposed a bilayer 
structural model conceptually similar 
to that derived from X-ray and thermo- 
calorimetric data. Pownall described 
the kinetics and mechanisms of lipid- 
amphiphile association, whereas Smith 
discussed an interesting application of 
an extrinsic fluorescence probe (py- 
rene), to the study of cholesterol 
exchange between lipoproteins using 
stopped flow kinetics. 

The current status of C-NMR spec- 
troscopy as applied to studies of the 
structure of plasma lipoproteins was 
summarised by E. Cordes (Indiana 
University, Bloomington). The results 
presented indicated that this technique 
is valuable in the study of the dynamics 
and phase transitions of surface and 
core lipids, particularly in combination 
with the analysis of model systems. J. 
Morrisett (Houston) reported results of 
his “C and “P-NMR spectroscopic 
studies on lipoprotein-X, an abnormal 
lipoprotein found in cholestasis. T. 
Glonek (University of Chicago) dis- 
cussed the use of a chelated manganese 
paramagnetic ion to probe the accessi- 
bilty and surface distribution of the 
phospholipids in both LDL and HDL. 

One session was devoted to an exami- 
nation of the mechanism of phos- 
pholipase A, action and its use as a 
probe of the lipoprotein surface. F. 
Kézdy and colleagues (Chicago) found 
that the kinetic behaviour of this 
enzyme is similar for all of the major 
lipoprotein classes investigated; he 
therefore suggested that all of the phos- 
pholipase As-hydrolysable phospho- 
lipids represent a single pool at the 
surface of these particles. M. Wells 
(University of Arizona, Tucson) pre- 
sented evidence that the physical state 
of the substrate influences the speci- 
ficity of phospholipase A: and pointed 
at the limited information available at 
present on the mechanism of action of 


Red hot sea 


from Peter J. Smith 


Ir is as certain as anything can ever 
be in the Earth sciences that the Red 
Sea is a region of very young seafloor 
spreading. Some of the evidence for 
this view comes from geothermal 
studies, which is only to be expected, 
although it comes as a surprise to be 
reminded by Girdler and Evans 
(Geophys. J. 51, 245; 1977) that as 
recently as 1970 there were no more 
than 17 heat flow values available, 5 
of which were only estimates from 
borehole temperature measurements. 
Since 1970, however, the quantity of 
data has increased fivefold, and 
Girdler and Evans have now been 
able to draw a much better, though 
still far from complete, picture of 
Red Sea geothermal characteristics. 

The average heat flow for measure- 
ments made within 5km of the Red 
Sea’s deep water axis is 467 mW m”, 
or about eight times the world aver- 
age of 59mWm”™, although in- 
dividual values rise to more than 56 
times the world average. Over the 
next 5-km interval the average then 
drops dramatically to 89mWm”, 
presumably because of hydrothermal 
circulation; but it rises to 140 mW m`’ 
and 165mWm”’ over succeeding 
20km intervals, settling to about 
llimWm” (still about twice the 
world mean) at distances of 50- 
170 km. 

Thus heat flow is high not only in 
the axial zone but throughout the 
whole of the Red Sea. Indeed, both 
heat flow and temperatures (100 °C at 


the enzyme. L. Smith (Houston) dis- 
cussed the mode of activation of a 
purified milk lipoprotein lipase pre- 
paration by fragments of apolipo- 
protein C-II, the specific activator of 
the enzyme, and identified regions con- 
sidered to be specific for activation. He 
discussed a similar approach with 
lecithin-cholesterol acyl transferase, in 
which he used fragments of apolipo- 
protein C-I, one of the activators of 
the enzyme. 

With regard to apolipoproteins, W. 
Fitch (University of Wisconsin, Madi- 
son) presented an elaborate study on 
structural predictions based on primary 
sequence data. The findings led to the 
recognition of striking internal homo- 
logies in apolipoprotein A-I, considered 
to originate from duplication and cross- 
ing over of an ancestral gene coding 
for an Il-residue repeat. A computer 
search for amphipathic helices in 
apolipoprotein was discussed by J. 
Segrest (University of Alabama, Bir- 
mingham), whose results support the 
hypothesis that these segments might 
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depths of less than 2 km) are so high 
along the edges of the sea that Girdler 
and Evans see geothermal heat as a 
potential source of power for coastal 
towns. But only 7 of the 86 individual 
heat flow values published by the end 
of 1975 lie below the world average; 
and as all come from the vicinity of 
the deep axial trough where heat flow 
is typically high, they would seem to 
reflect only transient thermal effects 
such as sediment slumping, or perhaps 
their positions above the downgoing 
limbs of hydrothermal circuits. 
Sedimentary movement and hydro- 
thermal circulation in the axial zone 
probably also explain the high vari- 
ability of heat flow near the centre of 
the Red Sea. According to Girdler 
and Styles (Nature, 247, 7; 1974) there 
have been at least two phases of sea- 
floor spreading, the lithosphere pro- 
duced by the second intruding and 
heating the older lithosphere and 
overlying evaporites; and although 
some people would dispute this pre- 
cise interpretation, there seems every 
reason to suppose that evaporite 
movement has resulted from very 
recent spreading. Such complexity 
makes detailed interpretation of heat 
flow data difficult; but the general 
geothermal picture is evidently en- 
tirely consistent with the Red Sea as 
a young spreading zone. ao 


Peter J, Smith is a Reader in the Depart- 
ment of Earth Sciences at the Open 
University: 


be responsible for lipid binding. G. 
Fasman (Brandeis University, Wal- 
tham) provided a lucid analysis of the 
role of B-turns in protein structure and 
of the experimental methods used for 
their detection. The importance of B- 
turns in apolipoprotein structure 
emerged from work by investigators 
at the University of Chicago, who pre- 
sented the first full-scale space-filling 
model of human HDL, based on avail- 
able experimental data and on work 
in progress on the properties of the A 
apolipoproteins at the air-water inter- 
face. One major conclusion from these 
investigations was that all of the pre- 
dicted structures (a-helix, random coil, 
and 8-turns) in apolipoprotein A-I and 
A-H are amphipathic, and that this 
unique property enables them to 
occupy predictable areas at the HDL 
surface. {J 


Angelo M. Scanu is a Professor in the 
Departments of Medicine and Bio- 
chemistry at the Pritzker School of 
Medicine, University of Chicago. 
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X-ray burst sources 
Walter H. G. Lewin & Paul C. Joss* 





More than 30 X-ray burst sources have been discovered in the past 2 years, and information on the 
observational properties of the burst emission is accumulating rapidly. ‘The physical mechanism 
responsible for-the bursts is so far undetermined, but the most promising models are based on the 
accretion of matter onto a compact object of Stellar mass. 





X-RAY bursts from a source in the globular cluster NGC6624 
were discovered by Grindlay and Heise! in December 1975. 
Earlier, events had been reported that were believed to be hard 
X-ray bursts of cosmic origin?. However, after lengthy discus- 
sions between one of us (W.H.G.L.) and Dr Melioranski, we 
believe ‘that these bursts and others reported by the same 
groupè‘ are not of cosmic origin but are probably caused by 
the Earth’s magnetosphere. 

In 1976 a further 19 X-ray burst sources were discovered, 
mostly by SAS-3 and OSO-8 (refs 5—7). To date (15 September 
1977) the total number of burst sources is in excess of 30; they 


are strung along the galactic equator (Fig. 1) and the majority ` 


of them are located within ~35° of the galactic centre’. At 
least two (but probably several more) are located in globular 
clusters? 12}, and three burst sources have been tentatively 
identified with faint blue stars1#—15. One of these identifications, 
proposed by McClintock, is almost certainly correct?®-1¢, 

A typical burst rises in less than a few seconds and lasts 
several seconds to minutes. In most bursts, the lower energy 
flux persists longer than the higher energy flux (Fig. 2). In at 
least three cases!” —!9, the time-dependent burst spectra can be 
fitted well by blackbody emission from a source with an effective 
radius of ~10km. If this interpretation is correct, there is 
good reason to believe that the burst sources are neutron stars 
or black holes of stellar mass. 

The bursts are sometimes emitted at approximately regular 
intervals of from hours to days. At least eight burst sources emit 
a persistent (though variable) flux of X rays. No persistent 
emission has been detected from at least two burst sources®:221, 

The mechanism which produces X-ray bursts is not yet known. 
There is little evidence to suggest that the burst sources are in 
binary systems, though many workers favour this idea. No 
proposed model has yet given a complete explanation for the 
behaviour of burst sources. 


Galactic distribution 


If we adopt as an operational definition for X-ray bursts®: 
(1) rise time less than a few seconds, (2) duration from a few 
seconds to a few minutes, and (3) recurrence, then eighteen 


burst sources have been reported to date™!? (15 September . 


1977). Their positions are shown in Fig. 1. If we accept single 
burst-like events for which only the first two criteria were met, 
seven burst sources can be added (dashed lines and horizontal 
bars in Fig. 1). At least five more burst sources (not shown in 
Fig. 1) have been observed with SAS-3; their positions are very 
uncertain but they are probably all located wa ~ 30° of the 
galactic centre. ; 





*Department of Physics and Center for Space Research: Massachusetts 
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Many other burst-like events of cosmic origin that we omit 
have been reported in the literature; they are not known to meet 
either the rise time or the recurrence criterion. In this context 
we mention the intriguing results of the Los Alamos group??—**. 
It is'very likely that some of the many events observed by them 
were X-ray bursts of the kind discussed here. 

The burst sources are spread along the galactic equator and 
cluster near low galactic longitudes (|/" | < 35°). The distribution 
is different from that of the known X-ray sources with ‘steady’ 
emission®»?, Eight burst sources (Table 1) have been identified 
with’ sources of steady emission (more will undoubtedly follow). 
This suggests that the burst sources form a subset of the steady 
X-ray emitters®?. No steady emission has been observed from 
at least two sources’. 


Burst flux and recurrence 


The observed peak intensities in bursts are typically ~10~* to 
~ 10-7 erg cm~? s~. At source distances of ~ 10 kpc, this would 
imply a peak luminosity of ~ 107®-10** erg s~}. 

The total (integrated) flux of individual bursts differs by 
about 1-2 orders of magnitude from source to source. In 
general, the total flux of individual bursts from a given source 
does not change appreciably over a time scale of many burst 
intervals®®, 

Aside from the short rise times (less than a few seconds) and 
the longer decay times (several seconds to minutes), an import- 
ant characteristic of X-ray bursts is their recurrence (not reported 
for y-ray bursts). As first reported by Clark and his associates, 
the recurrence is sometimes regular though not strictly periodic. 
The 'most regular burst intervals have been observed from 
MXB1659—29. During October 1976 the burst intervals from 
this source wandered slowly from 2.0 to 2.6h, and the burst 
arrival times were often predictable to within several min- 
utes®2°, Again, during the recent worldwide coordinated burst 
observations?* in June and July 1977, SAS-3 detected a series 
of 17: bursts (intervals ~ 2.5 h) with arrival times often (but not 
always) predictable to within 5 min. It may not be a coincidence 
that MXB 1659—29, which is the most ‘regular’ of all burst 
sources, does not emit a detectable flux of ‘steady’ X-rays® 2°, 

The apparent regularities in burst occurrence for several 
sources can persist for days**. During recent SAS-3 obser- 
vations, however, we found that many sources that were believed 
to be regular actually become irregular on time scales of days 
to weeks. The most striking examples of highly irregular burst 
sources are MXB1837+-05 (refs 27-29) and MXB1735— 44 
(ref. 30 and unpublished SAS-3 results); their burst intervals 
can vary from ~ Ihto ~ 2d. 

The fact that most known burst sources have intervals from 
hours to days is probably the result of a selection effect due to 
the limitations of today’s X-ray observatories; the longer the 
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3 Burst sources 
in GCX MXB 1659-29 


LI] \ = 


Fig. 1 Sky map (galactic co- 
ordinates) of 18 X-ray burst 
sources which meet the three 
burst criteria (see text). Seven 
additional sources are shown for 
which the recurrence criterion of 
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burst intervals, the smaller the chance of detection. It is likely 
that sources will be discovered with considerably longer burst 
intervals (weeks, months, years?). There are at present seven 
sources (Fig. 1) from which only one burst has been observed, 
yet some of these sources were observed continuously for many 
days. This may already be an indication that some of them have 
burst intervals in excess of several days. It is expected that in 
the era of the space shuttle, sensitive X-ray detectors will be 
flown with both large fields of view and the capability of deter- 
mining source positions accurately. Such instruments would be 
ideal for the study of fast transient phenomena such as bursts. 

It is thought that most- burst sources have burst-active and 
inactive periods*'’®. The most striking examples are MXB1820— 
30 (in NGC6624), MXB1730—335 (the rapid burster), MXB 
1743—28, and a burst source in Norma (refs. 5, 6, 21, 30-36). 
There is no indication that the periods of activity come at 
regular intervals, but this may well be the case for some sources. 
A possible (so far undetected) periodicity in the burst patterns 
or in the active and inactive periods could, in principle, uncover 
an orbital period of a binary system. 


Burst profiles : 


Bursts exhibit a large variety of shapes. There are bursts with 
spikes, peaks, bumps, shoulders and tails, and some show all 
these features. Bursts from different sources usually look very 
different (Fig. 2). Bursts from one source, however, usually 
seem quite similar. Several burst sources have their own 
characteristic idiosyncracies, and we can. often (but not always) 
tell by the burst profile from which source a burst came (Fig. 2). 
All eight bursts detected from MXB1743—29 (at ~35-h 
intervals) showed two (sometimes three) distinct peaks at 
energies above 6 keV (ref. 33). Bursts from MXB1735—44 are 
usually narrow, lasting only 4-6 s*°. Bursts from MXB1636— 53 
and MXB1728—34 have fast initial decays (a few seconds) 
followed by long gradual decays at low energies!®!™37. There 
are cases, however where the bursts from one source look very 
different. Bursts from MXB1837+05 show great variation” 
which may be related to the irregularities in the burst intervals. 
Normally, bursts from MXB1728—34 occur quite’ regularly 
with intervals that wander slowly from ~4 to ~8 h**8’, But, 
in June 1977, during the worldwide coordinated burst obser- 
vations, only one burst was observed in 54h, and the profile 
of this burst was very peculiar. During observations in July 
1977 the bursts from MXB1728—34 again occurred regularly 
and seemed ‘normal’. There is some observational evidence that 


ASS 


the bursts has not (yet?) been 
met. They are indicated with 
dashed lines (four sources) or 
with horizontal bars (three 
sources). Open error regions 
have areas = 3 deg*. The 
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bursts which occur ‘out of sequence’ in a quasi-regular series 
have a different appearance from the other bursts in the series. 
This effect has been reported in bursts from MXB1636—53, 
MXB1916—05 and MXB1730—335 (the rapid burster) (refs.19, 
21, 38 and unpublished SAS-3 results). 

Clark et al.” have observed 22 bursts from MXB1820—30 
(in NGC6624). The burst intervals slowly wandered from ~ 3.4h 
to ~2.2h. The burst tails, which were clearly visible at the 
beginning of the observations, vanished gradually and were 
absent from the last few bursts. The burst activity came to a 
halt while the persistent emission from the source continued 
to increase. 


Burst spectra 


Significant spectral changes occur during bursts. Typically the 
spectra soften considerably during burst decay (Fig. 2 and 
refs. 5, 6). The best examples are the bursts from MXB1743—29 
(ref. 33), MXB1906+00 (ref. 39), MXB1735—44 (ref. 30 and 
unpublished SAS-3 results), MXB1728—34 (refs 18 and 37), 
MXB1636—53 (refs 19 and 40), MXB1916—05 (refs 41-43), 
MXB0512—40 (in NGC18351, ref. .10 and G. W. Clark, personal 
communication) and a source near /"'~356°.4, b''~2.°3 (ref. 
17). Spectral hardening during burst decay has only been 
observed in bursts from MXB1820—30 (refs 8, 25). Spectral 
hardening during the burst rise is quite common, however, and 
has been observed in bursts from MXB1728— 34, MXB1636—53, 
MXB1820—30, MXB0512—40 and in a single burst from a 
source near l! ~ 356.°4, b! ~2.°3. MXB1837-++05 is special, as 
some bursts harden during the rise and others soften”. 

Swank et al.” and Hoffman et al.1®!®° have found good 
blackbody fits to the spectra of bursts from three burst sources 
(MXB1728— 34, MXB1636—53 and a source near /"' ~ 356.°4, 
b” ~ 2°.3). During the early part of the bursts, the temperature 
increases to ~3xX107K. A cooling is then observed which 
continues for several minutes, after which there is no longer any 
detectable flux. If indeed the burst emission is blackbody 
radiation, the effective radius R of the emitting region can .be 
calculated. Swank et al." find that R ~ 100dkm during the 
first 20 s of the burst and R ~ 15d km for the remainder of the 
burst, where d is the source distance in units of 10 kpc. Hoffman 
et al.1%*! find for both MXB1728— 34 and MXB1636—53 that 
R ~ 10d km. This size remains approximately constant through- 
out the bursts. These results suggest that, if the source distances 
are ~10 kpc, then the bursts are produced by a neutron star 
or a black hole of stellar mass” —*, 

Hoffman et al. have discussed ‘typical’ bursts in terms of 
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two components: (1) an initial pulse which rises and falls 
sharply in a few seconds and is wider at higher energies, followed 
by (2) a long decay whose spectrum softens with time as the 
burst intensity gradually decreases (Fig. 2). They made the 
interesting observation that the initial pulse appears to be highly 
absorbed at low energies (1—3 keV) when a burst in a quasi- 
regular series arrives out of sequence (too early) (ref. 19 and 
unpublished SAS-3 results). 


Steady emission 


It is quite common for a burst source to emit a persistent (but 
variable) flux of X-rays®*®. As shown in Table 1, high ‘steady’ 
fluxes (~1/4 that of the Crab Nebula) are observed from 
MXB1636—53 (refs 40, 44, 45), MXB1728—34 (refs 18 and 
37), MXB1735—44 (ref. 30) and MXB1837+05 (refs 27-29). 
No steady flux has been observed from either MXB1730—335 
(ref. 31) or MXB1659—239 (ref. 5). 

Table 1 lists eight burst sources and the accurate SAS-3 
positions of their associated steady sources (refs 46 and 47 and 
J. G. Jernigan, personal communication). It is highly probable 
that all associations in Table 1 are correct; the probability 
(based on the positional coincidences) that any one of them is 
wrong is ~1%. It has been suggested®* that the three burst 
sources near the galactic centre produce a steady emission that 
may account for part of the emission of GCX (ref. 54). There 
are a few more burst sources for which a candidate steady 
source has been proposed!?: 3448,53, 

The ratio of time-averaged luminosity of the steady emission 
to that of the burst emission varies from < 2 (rapid burster) to 
~ 250 (ref. 19). If we exclude the rapid burster, the lowest value 
is <25 for MXB1659—29 (unpublished SAS-3 results). These 
ratios are important in testing nuclear-flash models of X-ray 
bursts (see section on theoretical models). 


Optical identifications 


There are optical candidates!*-1* for three burst sources 
(MXB1837+05, MXB1636—53 and MXB1735— 44). All three 
are faint (~18 mag) blue stars. At least one star, recently 
suggested by McClintock, is almost certainly a correct identi- 
fication?*16, 

Very accurate positions for the steady sources that produce 
bursts, have recently been reported by the Ariel 5 group in 
Birmingham® and the SAS-3 group**-*’, It is expected that as a 
result more optical identifications will soon follow. 
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The burst sources MXB1820—30 and MXB0512—40 are 
located in the globular clusters NGC6624 (refs 8, 25, 31) and 
NGC1851 (refs 10 and 11), respectively. The rapid burster?* 
(MXBI1730—335) is almost certainly located in ‘Liller’s’ 
globular cluster (refs 5, 6, 9, 55), and a burst source with a 
positional accuracy of ~1 deg? may be located in the globular 
cluster NGC6441 (ref. 12). Thus, a very high fraction of the 
seven known X-ray emitting globular clusters®* also emit bursts, 
and it is expected that more burst sources will be found in 
globular clusters. The large majority of burst sources, however, 
(Fig. 1) are not located in visible globular clusters®~’. 


Spectra and character of associated 
steady sources 


The spectra of the persistent X-ray emission of burst sources do. 
not fit a blackbody model and are almost always softer than the 
mean burst-spectra’ (integrated over the first ~ 10 s of the burst). 
The only exception is 4U1915—05 (MXB1916—05), for which 
a hard spectrum (K7’> 35 keV) has been reported for the steady 
emission‘, 

At Ostriker’s suggestion®?, Cominsky (personal communi- 
cation) has compared ‘colour—colour’ plots of the steady X-ray 
emission from eight burst sources (the hard source 4U1915—05 
was not included) with that of other types of X-ray source 
(five globular clusters, seven strong galactic centre sources, one 
pulsating low-mass binary, two non-pulsating low-mass bin- 
aries, seven high-mass binaries, and two black hole candidates). 
She concludes that the colour-colour plots are similar for: 
(1) the burst sources (steady emission), (2) the globular cluster 
X-ray sources, (3) the strong galactic centre sources, and (4) the 
non-pulsating low-mass binaries (Sco X-1 and Cyg X-2). The 
colour-colour plots, however, are different for the high-mass 
binaries, the pulsating low-mass binary (Her X-1) and the two 
black hole candidates (Cyg X-1 and Cir X-1). This suggests that 
the first four categories may have very similar mechanisms for 
producing X-rays and that they may well all be binaries. But, if 
the burst sources are binaries, one may wonder why none of them 
shows any evidenceof their binarycharacter. On the other hand, 
it is very difficult to deduce a possible binary membership from 
X-ray data if no pulsations or eclipses are observed (as in Sco 
X-1 dnd Cyg X-2) and if the approximate binary period is not 
already known (for example, from optical observations). It may 
well be that the possible binary character of X-ray burst sources 
will first be found in optical data. It is expected that the optical 





Table 1 Steady X-ray sources from which bursts have been observed* 





Positions of steady sources i Intensity 
from SAS-3 (refs. 46, 47 and J. G. (Uhuru counts s~}; 
_ Burst Steady Jernigan, personal communication) Error ref. 48) 
source source RA (1950) Dec. (1950) circle Maximum Maximum/ Refs. 
h min S ° 4 * radiust minimum 
MXB0512—40 2S0512—400 05 12 29 —40 05 53 4 20” «18 3 10, 11, 48-50 
(in NGCI1851) 2A0512—399 
4U0513—40 ; J 
MXB1636—53 281636—536 16 36 57.6 —53 39 21 20” 250 : '2 14, 19, 40, 45, 47, 48, 51 
(blue star) 4U1636— 53 E ' i 
MXB1728— 34 eed 17 28 39.6 —33 47 52 30” 150 5 5, 6, 18, 37, 47, 48, 51, 52 
4U1728 —33 | 
MXB1735—44 281735—444 17 35 = 19.5 '—44 25 22 20” 210 1.7 13, 16, 30, 47, 48, 51 
(blue star!) 4U1735 —44 
MXBI820—30 281820—303 18 20 28.4 —30 23 14 20” 320 3 1, 5, 6, 8, 25, 31, 32, 48, 51 
(in NGC6624) 4U1820—30 
MXB1837+05 2S81837+049 18 37 29.8 04 59 23 20” 280 | 2 5, 6, 27-29, 46, 48 
(blue star ?) 4U 1837+ 04 i 
Ser X-i i ' 
MXB1906-+00 2S1905-+000 19 05 549 . 00 05 37 35” 4.05+1.1f — 5, 6, 39, 46, 48 
A1905 4-00 
4U1857+01 
MXB1916—05 2S81916—053 19 57 02.9 11 34 14 20” 20 2 41-43, 46, 48 
4U1915—05 i 





*These eight associations are quite reliable (see text). Four others*?:94:4%99 (not in this table) have been proposed but are uncertain. 


tEach error circle is an approximate NA confidence region. 
tAverage intensity. ' 
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_ Fig. 2 Profiles (five energy channels) of bursts from five different sources (SAS-3 data), Note that in all cases the gradual decay (tail) persists 
longer at lower energies than at higher energies, The burst profiles are quite distinctive for each particular source (see text). 


candidates!” -1$ will be carefully examined for evidence of 
binary characteristics. 


The rapid burster 


The rapid burster: (MXB1730— 335) is quite unlike all other 
burst sources?!. It can produce up to 4,000 bursts per day’, the 
integrated energy E of individual bursts can vary by two orders 
of magnitude, and E is approximately proportional to the time 
At for the next burst to occur®4. A more detailed analysis has 
shown that the linear relation breaks down at low burst energies, 
where the waiting time to the following burst is considerably 
longer than one would expect from a strictly linear relation’. 

Occasionally, ‘anomalous’ bursts have been observed that 
occur more or less independently of the rapidly repetitive 
(‘normal’) burst sequence, grossly violating the E-Ar relation®®. 
These ‘anomalous’ bursts in general rise more slowly, and their 
maximum luminosity is ~ 1/3 ‘that of the maximum observed 
luminosity in ‘normal’ bursts*®. | 

The rapid burster is almost certainly located in`a globular 
cluster®™*5, whose position is inside the small error circle (1.8 arc 
min radius) for the burst source®-®!-58, As noted above, no steady 
emission has been observed from this source; the ratio of time 
averaged steady flux to time averaged burst flux is < 2 (ref. 21), 
which is uniquely low®:*. This source was burst-active in March- 
April 1976, in April-May 1977 and in September 1977 (refs 21, 
30, 35, 36, 59). Bursts from this source have also been detected 
with Uburu*®, 

The time averaged burst luminosity varied significantly (by 
factors of ~2-3) during March and April 19775, The latest 
SAS-3 results, obtained by H. Marshall (personal communi- 


cation) show a hint of a period of about 0.8 d in the time aver- ` 


aged burst luminosity. 


Comparison with Y-ray bursts 

The most striking differences between X-ray bursts and y-ray 
bursts® are: (1) X-ray burst sources cluster along the galactic 
equator whereas y-ray burst sources do not; (2) unlike y-ray 
bursts, X-ray bursts are repetitive on time scales of hours to 


days; (3) the spectra of y-ray bursts are much harder than 
those of X-ray bursts; and (4) the total flux density of a y-ray 
burst is typically ~2 orders of magnitude higher than that of an 
X-ray burst. The y-ray bursts cannot be the high-energy tails of 
normal X-ray bursts produced by nearby burst sources; the 
absence of recurrence excludes this possibility. However, some 
generic relation between y-ray bursts and X-ray bursts cannot 
be excluded*4. It is interesting to note that a y-ray burst 
(from galactic latitude ~ — 46°) observed from Apollo 16 shows 


‘a triple-peaked time structure®, which is remarkably similar 


to the structure in bursts from MXB1743—29 (Fig. 2 and 
ref. 33). 


Theoretical models _ 

Most speculations concerning the nature of X-ray burst sources 
fall into two broad categories: (1) instabilities in the accretion 
of matter onto a compact object (white dwarf, neutron star, or 


‘black hole), and (2) thermonuclear flashes in matter accreted 


onto the surface of a neutron star. Theoretical models based on 
these ideas are still rather primitive. 

Among possible instabilities in accretion onto a compact 
object of roughly solar mass, most models are based on inter- 
change instabilities at the Alfvén surface of a neutron star or 
white dwarf. Within this category, Lamb et al.** have investi- 
gated the possibility of a thermal instability in spherical accretion 
onto a magnetised neutron star, while Svestka**®, Henriksen“, 
Baan“ and Joss and Rappaport®® have discussed the possible 
role of orbital motion of the accreting matter in producing an 
instability. Wheeler®’ and Liang”® have investigated instabilities 
within an accretion disk surrounding a compact object. These 
preliminary discussions are a promising start. The physics of 
the proposed instability mechanisms is very complex, however, 
and no completely satisfactory. model has yet been established. 

Grindlay and Gursky®* and Grindlay have presented the 
idea that the burst sources may be associated with massive 
(> 102? M O) black holes. A specific mechanism for producing 
the burst emission was suggested by Bahcall and Ostriker?°, who 
invoked a compact object in orbit about a massive black hole, 
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which interacts with an accretion disk that surrounds the hole. 
The latter idea is by now excluded; we now know that the burst 
intervals are often very irregular, unlike the highly periodic 
behaviour that one would expect from this model. 

‘The introduction of massive black holes was largely moti- 
vated by the.association of 3U1820— 30, the earliest discovered 
burst source, with the globular cluster NGC6624 (ref. 8). This 
cluster is one of five globular.clusters which have highly con- 
densed cores and which contain sources of persistent X-ray 
emission®®. It had previously, been suggested’)'?2 that these 
steady X-ray sources may be massive black holes undergoing 
accretion within the cluster cores. However, as more burst 
sources were discovered, it was found that the distribution. of 
these sources is very different from the apparently spherical 
distribution of globular clusters about the galactic centre 
(Fig. 1 and refs 5-7). This fact, together with the absence of 
visible globular clusters in the direction of many burst sources, 
now makes it almost certain that the majority of burst sources 
are not located in globular clusters. 

Another motivation for the massive black hole model was 
the spectral hardening observed during the decay in bursts from 
NGC6624 (refs 8, 25), which was ascribed to Compton scattering 
of the emitted X rays by a very hot (~ 10° K) gas cloud that. is 
gravitationally bound by a massive black hole®’. Canizares’? 
has shown, however, that the observed hardening could be pro- 
" duced by scattering in a cooler cloud, which might be bound by 
a compact object of mass <5Mo. Moreover, bursts from most 
other sources, including the one, located in the globular cluster 
NGC1851, soften during their decay (Fig. 2, refs 5, 6 and G. W. 
Clark, personal communication). AS pointed out earlier®**, it 


seems that little evidence is left to support the conjecture that i 


X-ray bursts aře assóciated with massive black holes. 

Maraschi and Cavaliere? and Woosley and Taam” have 
i suggested thermonuclear flashes in the surface layers of accreting 
neutron stars as a totally different alternative mechanism for 
the production of X-ray bursts. The gravitational energy 
released per unit mass of matter falling onto a neutron star of 
mass M and radius R will be (GM/R) ~ 107 c*, while that 
‘ reledsed by very rapid (timescale <10 s) thermonuclear fusion 
of any nuclear fuel will be <107° c? (refs 76, 77). Hence, this 
type of ‘model predicts ‘that the ratio, a, of time averaged 
persistent accretion-driven X-ray luminosity to time averaged 
burst luminosity should exceed ~ 10*. This criterion is apparently 
met by some burst ‘sources with rather bright steady X-ray 
counterparts (Table 1 and refs 5, 6). However, it apparently fails 
in the case of the rapid burster, for which a <% 2 during times of 
burst activity?!. It also seems to fail for MXB1659— 29, whose 
observational properties are similar to those of most other burst 
sources (unlike the rapid burster) but which has recently been 
found to have a.< 25 during: burst-active times (unpublished 
SAS-3 results). Thus, it seems that this mechanism can account 
for no more than a subset of the presently known burst sources. 
In any event, a complete evaluation of the physics of thermo- 


nuclear flashes in neutronsstar surface layers has yet to be 


carried out. 

If the burst sources, are in fact, compact objects of moderate 
mass, then they may- be- accreting matter from close binary 
stellar companions. In this respect, they may be very similar to 
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accretion of ‘matter onto a compact: object of Stellar mass. 
, We thank Jeffrey Hoffman and Lynn Cominsky for. useful 
comments. This work was supported i in part by the US NASA. 
P.C.J. is an Alfred P. Sloan Research Fellow. . 
Note added in proof: Recently, Hoffman, Marshall and Lewin® 
discovered that the rapid burster occasionally produces ‘special’ 
bursts which, unlike the rapidly repetitive bursts, show the 
. typical characteristics of bursts from other sources (similar time 
` scale of burst intervals and similar spectral evolution during 
burst decay). They suggest in a recent preprint that rapidly 
repetitive bursts may be a replacement of the persistent, emission 
observed from many other burst sources and that in this special 


_ case the persistent emission manifests itself as bursts. If. ‘this 


.“ 


other binary X-ray sources, which are also widely believed to - 


consist of compact objects that are undergoing accretion from 
relatively normal companion stars (see ref. 78 and references 
therein). If the burst sources are in such systems, one might 
expect. to find periodic temporal variability in the associated 
steady X-ray emission or in the optical candidates. As noted 
above, however, no:such periodic variability has been reported 
to date. 

The blackbody spectra reported for three burst sources (see 
section on burst spectra and refs 17-19) are the only direct 
indication to date that burst sources are neutron stars or black 
holes of stellar mass. 


The mechanism which produces X-ray bursts is thus not yet 


known, but the most promising mechanisms are based on the ` 
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were so, it opens the interesting possibility that the rapidly 
repetitive bursts may be the result of instabilities in the accretion 
flow (gravitational potential energy) but that the ‘special’ bursts 
from the rapid burster and the X-ray bursts from all other 


sources are the result of thermonuclear flashes. 
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Oxygen iso ane P ‘piilaconiagnietic analisis of the lower 


half of LDGQ piston core’ V28-179 shows. that glacial- 


interglacial fluctuations have. characierised Earth’s climate 
.for the past 3.2Myr, before which there was a period of 
„stable: ‘interglacial’ or ‘préglacial’ climate. -The scale of 
` glaciations increased about 2: IM, yr ago. el mere 
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‘THE stratigraphically lones detailed. oxygen. isotopic. records. 
from the‘oceans extend to:sediments: about 2.1 Myr old? and’ 


indicate -Pleistocene-like. glacial. events well below the horizon 


stratigraphically equivalent to the base of, the Quaternary as it is” 
defined in Italy*. Here we extend the isotopic record and - 
identify the onset ‘of these’‘quasi-cyclic glacial-interglacial. 


fluctuations. For this we' required . a core of sediment that 


“accumulated somewhat. . more > slowly: than in the’ area p our 


previous studies. ee ad eae ee ee 
` P, z N g-a *. 7 a A i a 7 E r £ C! . 
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“Cores from’ the Equatorial Pacific were described by Hays K 
et als, , who showed that north ‘of the belt of 1 maximum’ biological, 


„productivity, along the equator i it is possible to take piston’ cores, 


containing , a record extending. well into the Pliocene. They.. 
discussed. the, lithostratigraphy. and. magnetostratigraphy, of. 


~ several cores, and the. biostratigraphic record for foraminifera, 
. diatoms and radiolaria (expanded in refs 6 and 7) while Gartner’ 


presented the nannofossil stratigraphy. ‘Since then several 


. cruises have ‘tecovered cores from the same general area. 


Of these we selected V28-179 (collected by N.D. O.), for isotope 


, analysis because it contained the thickest accuniulation . of. .. 


sediment for the Gauss magnetic epoch. 

„Core V28-179 was taken at 4°, 37N, 139° 36’W i in 14 509 m 
water . depth. -The core comprises alternating. layers of fora- 
miniferal chalk ooze, marl ooze and marl with some dominantly 


i diatomaceous layers. Most of the core. 1S intensely burrowed, 
and many of the plugs of sediment washed for analysis could be 
sent to contain. components of slightly different colour mixed. 


ir i rha 
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Fig. 1:Magnetic record for core V28-179, 150 Oe and'interpretation ‘in’ “Gems of the standard palaeomagnetic polarity scale.. 
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Table 1 Magnetic boundaries V28-179 





Brunhes—Matuyama 527+2.5 cm 
Matuyama—Jaramillo 657+4 cm 
Jaramillo-Matuyama 700+2.5 cm 


Matuyama-Olduvai 
Olduvai-Matuyama 
Matuyama-Gauss 


1,007 +2.5 cm 
1,068 +3 cm 
1,358+2.5 cm 


Gauss—Kaena 1,488+2 cm 

Kaena-—Gauss  _ 1,517+2.5 cm 
Gauss—-Mammoth 1,558-+2 cm , 
Mammoth-—Gauss 1,622+2.5 cm 


Gauss-Gilbert 1,779 +2.5 cm 
Unnamed short interval (1,808-1,817+2.5 cm) 





together by burrowing. This strongly suggested that the depth 


through which burrowing took place was frequently greater: 


than the typical thickness of a single layer deposited under 
uniform environmental conditions. We assume, following 
‘evidence already available®, that the chief sourcé of variability 
in the sediment derives from climatically controlled variations 
in the proportion of carbonate remaining in the sediment. 
As these variations occurred on a depth scale that was smaller 
than the depth of plainly imperfect homogenisation by 
burrowing organisms, it’ shows that we are limited to an 
investigation of the general character of the ocean oxygen 
isotopic record within the good time-framework provided by 
the palaeomagnetic record of the core. 

The record of changing ocean oxygen istopic composition in 
the Late Pleistocene has been investigated in some detail in 
cores with accumulation rates up to about 8 cm kyr7 (ref. 10), 
and it has been shown that some cores with accumulation rates 
of over 3 cm kyr~ preserve a sufficiently good record to allow 
the identification of the effect of the changing tilt of the Earth’s 
orbit (period 40. kyr) and of precession of the equinoxes (period 
about 23 kyr). To investigate the, Lower Pleistocene in a 
piston core, it is necessary to work in an area of rather lower 
sediment accumulation. We have already discussed? the loss of 
information: which characteristically occurs under these 
conditions. Even if the mixing in, the sediment of core V28-179 
were homogeneous, climatic fluctuations. with a 40 kyr period 
would have a wavelength in the sediment of only about 20 cm 
and would be scarcely detectable. Since the mixing is clearly not 
homogeneous, and since several samples proved too low in 
carbonate for an analysis to be made at all, it is likely that the 


detailed character of the climatic record is inaccessible. What - 


we can do is to identify the date of inception of the isotopic 
fluctuations which have characterised at least the. whole of the 
Pleistocene’. Although there are other types of evidence which 
indicate periods of climatic .deterioration, there is as yet no 
information pertaining to the date of the earliest accumulation 
in the Northern Hemisphere of continental ice sheets that 
would have been of sufficient scale to produce a detectable 
effect on the oxygen isotopic composition of the oceans’. 
The core was sampled for magnetic measurement at 5 cm 
intervals along its length. The measurements were performed on 
a slow speed fluxgate magnetometer of the type described by 
Molyneaux!’, In order to ascertain the proper alternating field 
to use for blanket demagnetisation and to determine the 
magnetic stability of the core 10 samples spaced throughout the 
core were progressively demagnetised in peak alternating fields 
of up to 250 Oe. The magnetic stability was found to vary 
throughout the length of the core with values of the median 
destructive field ranging from 25 to 225 Oe. Natural remanent 
magnetic intensities ranged from 0.2 to 20 x 10-®e.m.u. cm~*. 
‘A field of 150 Oe peak. value was selected for blanket de- 
magnetisation. The resulting plot of declination change against 
depth is shown in Fig. 1 plotted relative to an arbitrary fiducial 
mark scribed on the ship during the extrusion process“. The 
correlation of the resulting magnetic pattern to the standard 
time scale is easily done since the reversals are clearly delineated. 
This correlation has been confirmed by foraminiferal studies?’ 
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using the foraminiferal zonation previously determined for 
equatorial Pacific sediments*®’. 

An important fact is that the pattern of coiling changes in 
Pulleniatina and in Globorotalia tumida shows that the lowest 
reversely magnetised section of sediment below about 18m can 
only represent the interval from the Gilbert-Gauss boundary 

to a horizon somewhat later than the Cochiti event; the bottom 
of the core probably has an age between 3.5 ane 3.6 Myr 
ue 15). 





Table 2 Oxygen and carbon isotope data for Globocassidulina 
subglobosa from core vs 179 





depth 180 i 13C 
' 5(cm) 
1,011 + 4.30 —1.44 
1,031 +3.79 —1.35 
1,051 +4.03 —1.24 
1,061 ` + 3.52 —J.10 
1,070 + 3.67 —0.73 
1,080 +4.21 — 1.05; 
1,090 +3.89 —0.87 
1,129 +3.86 —0.85 
1,140 +4.14 —1.14 
1,150 +3.72 — 0.83 
1,170 -+3.48 —0.67 
1,180 +4.31 —1.11 
1,190 . + 3.77 —0.62 
1,220 + 3.79 — 1.24 
1,241 + 3.80 —0.85 
1,271 +4.15 — 1.29 
1, 280 + 3.46 —0.96 
l, 291 + 4.02 —1.28 - 
1 310 +4.30 —1.61 
1,321 +3.65 —0.98 
1,341 +3.98 — 1.40 
_ 1,351 + 3.99 —0.87 
- 1,361 + 3.41 —0,54 
1,370 +4.05 —J.10 
l . 1,381 +3.94 1.08 
1,391 - + 3.29 —0.65 
"1,420 + 3.92 —0.69 
-1,442 +3.55 —0.85 
1,450 +3.77 —0.92 
1 480 -+4.02 —1.04 
1 510 + 3.42 —0.67 
1,520 + 3.87 —0.92 
1,530 + 3.36 —0.60 
1,580 +-3.93 —0.96 
1,590 + 3.80 —1.18 
1,600 + 3.92 ~1.01 
1,610 + 3.35 —0.92 
1,620 + 3.76 —0.61 
1,631 + 3.69 —0.88 
1,660 ; -+ 3.66 —0.94 
1,670 + 3.60 —0.74 
1 680 + 3,52 —0.68 
1 690 + 3.13 —0.78 
1,700 ' +3.50 — 0.88 
1,711 +3.16 —1.04 
1,721 -+3.19 —0.57 
1,731 +3.19 —0.71 
1,741 +3.37 —0.53 
1,771 +3.13 —0.70 
1,780 +3.43 — 0.42, 
1,791 +3.53 — 0.38 
1,800 +3.14 —0.33 
1,810 +3.56 —0.88 
1,820 + 3.19 —0.47 
1;830 + 3.28 —0.55 
1,840 + 3.30 —0.73 
1,870 “ -+3.25 —0.48 
1,890 +3.20 —0.15 
1,900 : + 3.41 —0.91 
1,911 -+3.29 —0.82 
1,920 +3.20 —0.51 
1,950 + 3.40 —0.39 
1,940 +3.24 —0.83 
1,961 + 3.36 —0,96 
1,990 + 3.40 —0.79 ° 
2,030. + 3.30 —0.67 
2,040 -+3.51 —0.62 
2,051 +3.45 —0.76 
.2,060 —0.96 


+ 3.14 
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Fig. 2 Oxygen isotopic composition of Globocassidulina subglobosa in core V28-179 from 10m to 21m. G. subglobosa vine on the sea ‘floor 
at the coring site today would have an +O content of about +3.50%. Magnetic events are indicated by O (Olduvai), K mae) and M 
= (Mammoth). Ages indicated are based on. current estimates of the chronology’ for a mane Be lhe l 
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The placement within the core of the major palaeomagnetic l 
transitions are given in Table 1. The only departure of the 


magnetic stratigraphy from the standard magnetic time scale'ʻis 
the presence of a short normally magnetised interval at 1,800 cm, 
below the Gauss normal magnetic epoch. It is possible that this 
represents a short reversal of the magnetic field since the core 
does not show any apparent physical disturbarice at this: level: 

Oxygen isotope analyses were made at 10 cm intervals in the 


' samples previously used for magnetic studies. The samples were - 
dispersed in distilled water in, a mechanical shaker, and after 


brief ultrasonic treatment, they were sieved on-a 125 um mesh 
and dried in a cool oven on the sieves. Foraminifera for isotopic 
analysis were taken from this. fraction further cleaned ultra- 
sonically and purified by roasting in.vacuo at 400 °C for 30 min. 
Carbon dioxide was released from the carbonaté by the action 
of 100% orthophosphoric acid at 50°C and analysed in a 
‘VGMicromass 602C mass:spéctrometer; analyses. are reported 
to the PDB standard on. the basis of multiple analyses , of 
circulating standard carbonates. 

' The preservation of foraminifera i is very poor at the water 
depth at which core V28-179 was taken (4,509 m). It was, 
therefore, generally not possible to obtain for analysis Globi- 
gerinoides sacculifer, the species used in our. previous studies™ 8. 


Instead, we chose to analyse benthonic forarinifera;. which are- 


less susceptible to dissolution: As many species of benthonic 
foraminifera do not deposit their carbonate in isotopic equili- 


- brium with the sea water they inhabit!’ it would clearly be . 


desirable to analyse a single species. throughout. Uvigerina, 
known to deposit carbonate.in isotopic equilibrium, is extremely 
rare, but in the majority of samples we were able tô extract 
sufficient specimens of Globocassidulina subglobosa for analysis. 

To calibrate G. subglobosa for ‘possible departure from 
isotopic equilibrium, we analysed the top part of core V1 9-28 
from which we obtained excellent isotopic data for U vigerina™ ont 
Our measurements show that G. subglobosa may ‘be even closer 
to isotopic equilibrium than U. senticosa, the “species analysed 
in core V19-28. Comparisons of the oxygén_ isotopic com- 
position of G. subglobosa and of U. spinulosa in Oligocene 
samples confirms the suitability of this species for oxygen 
isotope work'*®, The bottom temperature ‘at the site of 
core V19-28 is about 1.8 °C; at the site of V28-179 it is about 
1.1 °C. The mean 180 content of Globocassidulina subglobosa in 


the upper part of core V19-28 is +3.30%o (five analyses); using’ 


the relationship. T = 16.9 — 4.48 + 0.1082. ‘(refs 20, 21) 
enables us to estimate that-the temperature: difference between 


EE i 


the two sites should be equivalent to an’ ‘isotopic difference of 


_ about:0.2 %o; so that the ‘expécted value at the V28-179 site 


is about +3.50 %o. ‘Since the sediment accumulation rate at 
the coring site is only about 0.6 cm kyr —, the core top would be 
likely to contain a mixture of. glacial and recent specimens and 
would.not be‘useful for calibration purposes. 

Analytical results for G. subglobosa are given in Table 2, and 
are plotted in. Fig. 2. The record may best be'described ds a 
caricature of the true course of events, in that it is certainly not 
possible to derive an accurate record of events in such gradually 
accumulating: sediment: It is, however, quite clear that the 
uppermost 17 m “of .the core’ are predominantly glacial in 


character; below 17 m, isotopic‘values are consistently close to 
‘the present-day value. Taking’ this lower ‘section first, we may 


conclude that between: about 3.5 Myr and 3.2 Myr ago no big 
ice sheets accumulated in the Northern Hemisphere. Iso- - 
topically, the ‘ocean was in an interglacial state, with more or 


‘less constant’ isotopic composition. The standard deviation 
` among the measurements for’ this part of the core is 0.13 %o. 


If this were entirely due tọ real variability, it Would represent 
glacial events of a ‘magnitude up to the equivalent of a 26 m 
range in eustatic’sea-level fluctuation’. The variations are on so 
small a scale that if they derive:from real glacial events, then 


they could be caused by changes i in the Antarctic icé sheet, or 


by small’ Northern Hemisphere glaciations. It is conceivable, 


l however,” that ‘this variability stems entirely from analytical 


error. More accurate measurements in a section: with more 
rapid sediment accumulation will be needed to investigate 
possible small-scale glacial events earlier than 3.2 Myr ago: 
"Just below the Mammnioth event at 1, 680 m we see a positive 
excursion in’ ‘isotopic composition: that is well above possible 


| analytical’ ‘uncertainty and is of such a magnitude (0.4 % o) 


as to represent: about a:40 m séa-level equivalent i in.stored ice 


(assuming its ‘isotopic composition was about —35 %o). 


This date ‘is’ ir’ substantial agreement with ‘the inception of 
ice-rafting. observed’in sediments from site 116 in Leg 12° of the 
Deep-Sea ‘Drilling Project?? and with evidence of glaciation i in 
Iceland’? and with ref. 12, but the present datà give for the 
first time the: seale of fluctuations Which ‘have continued ever 
since. 

. At’the base of the Matuyama (sample at 1,310.cm) a glacial 
isotopic excursion of ‘about -1.0 %o- is observed. This: is a` 
characteristic extreme: value over the lower Matuyama section. 


‘In deep-Pacific cores with a high accumulation rate the maximum 


diiterenos between glacial ‘and interglacial isotopic values in 
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the late Pleistocene is about 1.60 per mil. (ref. 10). Thus we 
have clear evidence that glaciations of a magnitude of at least 
two-thirds that of the late Pleistocene glacial maxima were 
occurring in the time interval from 2.5 to 1.8 Myr ago. This 
was probably the scale of glaciation throughout the Lower 
Pleistocene?. Evidently a major change in the character of 
glaciations occurred at about 2.5 Myr ago. The substantial 
carbon isotopic event at that point in the.record may represent 
a large drop in the continental biomass*4 and may have been 
associated with significant floral’ extinctions under severe 
environmental pressure*®. 

Few localities are likely to preserve a sea-level record for the 
past 3 Myr. But, it may be deduced from Fig. 2 that the last 
lengthy period of stable sea level and low ice volume terminated 
about 3.2 Myr ago, so that it is likely that a major constructional 
coral terrace feature is present in some areas dating from this 
time; marine highstands in the remaining Pliocene, like those 
of the Pleistocene, were probably brief. On the basis of this 
analysis one might advance the hypothesis that before 3.2 Myr 
ago, continental environments were relatively stable over a 
long period of time; since then the Earth has been subjected to 
the stress of continually fluctuating climate, with pleasant 
climates like our own occurring infrequently and lasting only 
about 10,000 years. 
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Tissue transplantation immunity with a specific memory 
component is demonstrated in populations of Montipora. 
This highly discriminating immunoreactivity derives 
from extensive allogeneic polymorphism of histocom- 
patibility (H) markers. An H system of immunorecogni- 
tion is postulated to have originated in multicellular 
invertebrates probably beginning with coelenterates. 





POSSESSION of a specific immune system, including 
immunorecognition leading to selectively inducible res- 
ponses with a memory component, has long been considered 
unique to vertebrates. Although invertebrate defence 
reactions were thought to lack sharp specificity, we now 
know that metazoans ranging from coelenterates to proto- 
chordates possess a well-developed capacity for recognition 
of foreign tissue followed by antagonistic reactions. Among 
higher invertebrates, ‘immunorecognition at the allogeneic 
level has been repeatedly described in annelid worms’ 
echinoderms**, and tunicates’®. Convincing evidence of 


allogeneic incompatibility in coelenterates has been reported | 


from controlled experiments with colonial hydroids’, 
gorgonians®’, and anthozoans, including sea anemones’’*” 
and corals”, The situation in sponges, the most primitive 
of multicellular animals, is less clear. Certain species exhibit 
allogeneic recognition yielding non-fusion of separate clones 
after an initial period of adhesion, but cytotoxic reactions 
have not been reported”. 

Continuing scepticism concerning the existence of 
immunocompetence in invertebrates’*** focuses on ques- 


tions of specificity, memory and the molecular basis of 
cytotoxic reactivity. A specific alloimmune memory com- 
ponent to transplantation immunity among higher inverte- 
brates has already been documented in annelids? and in 
echinoderms‘. In living corals, specific reactivity is 
demonstrated by consistent compatibility of intracolony or 
syngeneic transplants, while intercolony allografts and inter- 
specific xenografts are invariably incompatible. These dis- 
tinct reactions, characteristic of many scleractinian corals, 
are: both naturally-occurring on tropical reefs and repro- 
ducible in laboratory experiments”. Quasi-immune 
surveillance in corals, with manifestations ranging from 
mild to severe, is evidenced by contact avoidance reactions, 
allogeneic contact incompatibility, chronic xenogeneic 
incompatibility and acute interspecific cytotoxicity. Positive 
recognition of foreignness in the form of non-fusion in 
areas of tissue contact precedes cytotoxic reactions which 
usually require a longer period of sensitisation. Examina- 
tion of allogeneic graft reactions in Montipora verrucosa, 
a foliaceous reef-building coral abundant in the Hawaiian 
Islands, surprisingly suggested a specific immunorecognition 
system with a memory component of at least short-term 
duration’. We now present an extensively controlled study 
of the essential immunocompetence of this coelenterate as 
a function of polymorphism. of histocompatibility (H) 
markers, specificity and memory. 


Experimental tissue grafts 
M. verrucosa is most attractive for tissue grafting because 
of its flat configuration and rapid healing. Many techniques 
for placing pieces of coral in firm, soft-tissue contact have 





Fig. 1 Intracolony isografts of M. verrucosa showing compatible 

fusion at interface (arrows) at 30 d after grafting. Technique of 

pair grafting on plexiglas base using monofilament nylon tie- 
downs i is also musta: Approximately x1. 


been tried. Notched aia recane about 23 x 12 x1 cm 
and high-test tie-downs of. monofilament nylon , proved 
adequate for grafting paired Montipora pieces ranging in 
dimensions from 9-72 cm? (Fig. 1). Heavy bone shears 
were used to cut pieces to desired size, but only uncut.edges 
were joined as graft interfaces. Grafts were established by 
tying together laterally two pieces of ‘living coral with 
50 pound test monofilament nylon-on plexiglas plates, using 
small lead crimps to bind ‘the’ nylon firmly. All coral was 
maintained in a rapidly running and unfiltered seawater 


system at 24-26 °C; in these conditions at the University’ 


of Hawaii Facility at Leiliwi Bay, Montipora thrived for 
for many months. Coral pieces were kept immersed in sea- 
water in large trays while grafting and scoring. 

` Tissue reactions: at transplant interfaces were scored 
under a large platform ‘stereomicroscope, usually at 45X 
magnification. Useful indicators of graft viability versus 
rejection were (1) ‘allogeneic contact avoidance/inhibition 
evident by failure of soft tissués' to: fuse or grow across 
small gaps; (2) pérsisterice or disappearance of pigmented 
zooxanthellae in coenenchyme at contact points; (3) hyper- 
plasia/blanching/death of soft tissue in contact. zones. 
Cytotoxic reactions of allogeneic incompatibility may be 
either unilateral or bilateral when first observed, but nearly 
all became bilateral in Montipora. For’ purposes of quanti- 
tating cytotoxic’ reaction times of allografts, zones of soft 
tissue death of 1 mm or more from éither side of the inter- 
face were scored as definitive’: This-extent of tissue death 
is unequivocal when measured undef the stereomicroscope 
(Fig. 2) and allowed different investigators to score the same 
grafts on successive days with objectivity. Initial allocyto- 
toxic reactions of 0.5mm or less may take 2-3 weeks to 
become definitive in occasional slow reactors. 

Technical trauma sometimes causes ‘slight tissue destruc- 
tion (<0.5 mm) that is evident within 24h of establishing 
grafts, but which heals within 1 week after grafting. Unless 
otherwise stated, all isografts, first-set and repeat-set allo- 
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grafts in the present experiments were 12-16 cm? in area. 
Soft tissue to a depth of 1-2 mm overlies the hard calca- 
reous skeleton. Other technical considerations have been 
described elsewhere’*'’’.. Three widely separate populations 
of M. verrucosa from the island of. Hawaii were used. 
Specific first- and-second-set allografts involved comparison 
of Kapoho and Onekahakaha populations, and unrelated 
third-party allografts were from the City of .Refuge reef. 
Time-—percentage effect curves, reaction time: ratios. and 
slope function ratios were determined by nomographical 
methods”. e> 


Evidence of alloimmune specificity and memory 


Control, intracolony isografts were always compatible as 
shown by soft tissue fusion in all contact areas as early as 
3-5d after grafting. ` Neither blanching nor ‘tissue hyper- 
plasia accompanied this fusion'in some 18 pairs tested. By 
12-15 d, coenernchyme continuity with confluent zooxan- 
thellae was observed throughout contact zones. Calcification 
was already well underway at interfaces, but gaps of 3 mm 
Or more remained open. Smaller gaps disappeared as a 
result of bilateral outgrowth. By 24-30d, complete 
reconstitution indistinguishable ` from normal ungrafted 
coral was evident (Fig. 1). This compatible fusion then 
persisted indefinitely. 

Rejection of initial or first-set allografts was preceded 
by a lag or sensitisation period of 2-3 weeks during which 
time intimate soft tissue contact was established. Antago- 


_nistic reactions were’ then revealed by progressive blanching 


and loss of soft tissue in the immediate contact area. In a 


- series'of 32 test pairs, primary allografts yielded a median 


reaction time (MRT) of 22.0 (19.2-25.3) d. Secondary allo- 
grafts, established by resetting the same coral pairs at new 
interfaces distant from the original contact area, showed 


accelerated and intensified cytotoxic reactions with an MRT 
of 11.6 (9.4-14.4) d. This MRT difference with an interval 


‘of 40d between first-set and second-set grafting (Table 1) 


Fig. 2 Intercolony allografts of Montipora verrucosa showing 

bilateral cytotoxic incompatibility restricted to immediate con- 

tact zone. Note blanching and soft tissue death at interface 
‘(arrows). Approximately x 1. 
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Table 1 Evidence of specificity and memory in allograft redction times of Montipora verrucosa 
No. coral Median reaction Range of individual Interval between 
Allograft pairs times (MRT) cytotoxic reaction 1° and 2° 
expt scored (d)* times (d) grafting (d)§ Comment 
First-set 32 22.0 (19.2-25,3) 16-40 — 
9.2 
Second-set 18 11.6 (9.4-14.4) 9-23 40 MRT difference between 
(5.7) 1° and 2° grafts highly 
significant} 
Unrelated third-party 21 
Biphasict 
(1) Slow reactions 8 22.9 (18.4-28.5) 23-35 41 MRT not significantly 
(7.4) different from 1°; specific 
induced immunity not 
evident 
(2) Rapid reactions 13 13.2 (9.7-18.0) 8-17 41 MRT not significantly 
(8.2) different from 2°; induced 


immunity is evident 





*Ranges in parentheses are 95 % confidence limits; single numbers in parentheses below each entry are the standard deviations of the MRT’s. 
{Slopes of curves for first- and second-set reactions were parallel within experimental error, suggesting that same qualitative events occurred, 


but at different rates. 


TMRT difference between slow and fast reactors is significant at 95% confidence level. Note also that these two groups were qualitatively 
distinctive: slow reactions were concurrently bilateral, whereas rapid reactions were unidirectional as expected with one-way pre-immunisation. 


§1°, First-set and 2°, second-set grafting. 


was significantly suggestive of immune memory. Intensified 
second-set reactivity was evidenced by accentuated early 
hyperplasia and secretion of mucus at interfaces. 

To test for specificity, 21 pairs of third-party grafts from a 
geographically distant City of Refuge population were per- 
formed with first-set rejectors from either Kapoho or 
Onekahakaha sources, These third-party grafts yielded a 
broad range of cytotoxic reaction times reflecting a biphasic 
distribution of accelerated and non-accelerated responses 
(Table 1). The rapid reactions (61%) were conspicuously 
unilateral, restricted to the third-party grafts as expected 
for unidirectional pre-immunisation. Conversely, the 
remaining slow reactions, not significantly different from 
first-set reactions, were concurrently bilateral and typical of 
primary reactions (Fig. 3). In other words, third-party grafts 
were distinguishable qualitatively on the basis of unilateral 
versus bilateral reactivity as well as quantitatively on the 
basis of cytotoxic reaction times. These striking results 
reveal both specificity in transplantation alloimmunity and 
extensive antigenic polymorphism among genetically sepa- 
rate M. verrucosa. The impressive polymorphism of H 
markers in this species is also confirméd by the incom- 
patibility of all of some 280 intercolony graft combinations 
tested thus far within and between Onekahakaha, Kapoho 
and City of Refuge populations. 

To what extent does allograft size influence direction, rate 
of appearance or degree of severity of cytotoxic reactions? 
Allografting in pairs at tissue mass ratios of 2:1, 4:1, and 
8:1 was accomplished with the smaller piece the same size 
(9 cm’) in three experiments (Table 2). Within this range, 
graft dosage had little or no effect on the direction or 
timing of allograft reactivity. Initial cytotoxic reactions 
were scored with equal frequency on small or large grafts. 
All allograft reactions became bilateral in the same manner 
as control grafts of equal-size colonies. Very small pieces 
of Montipora seem more vulnerable to stress and disease 
in suboptimal conditions. 


Induction and duration of alloimmune memory 

The occurrence of specific short-term memory was 
demonstrated by the second-set and third-party reactions 
evoked when appropriate repeat grafts were placed soon 
after initial graft pairs had responded incompatibly (Table 
1). The questions arise: how long does such positive 
memory persist and how long does it take to induce such 
memory? The duration of alloimmune memory was tested 


by second-set grafting pairs of corals at new interfaces 
at 2, 4, 8 and 16 weeks after separation from primary 
allografting. A 28-d period of primary contact was chosen 
to assure full sensitisation, since cytotoxic reactions were 
then underway in all graft pairs. Strong alloimmune 
memory was present in the second-set group grafted two 
weeks after first-set separation as shown by an early MRT 
of 10.7 (8.6-13.4)d (Table 3). This heightened reactivity 
had faded considerably in Montipora test-grafted after 
4 weeks. At 8 weeks after first-set separation, specific 
memory was no longer detectible as evidenced by a MRT 
of 21.8 (16.1-29.4) d, quite similar to that of control first- 
set grafts. No further change was demonstrable after 16 
weeks. 

Possible early induction of memory was tested by dis- 
joining initial allografts after 1, 2, 4 or 8d of contact 
and regrafting the same pairs at new interfaces 3d later. 
Eight coral pairs regrafted after only 1d of allogeneic 


Fig. 3 Logarithmic probability plots of first-set (@), second-set 
(x) and third-party (O) allograft reaction times of M. verrucosa. 
MRT difference between 1° and 2° grafts (22.0 and 11.6 d res- 
pectively) was highly significant; parallel slopes suggest same 
cytotoxic events occurred, but at different rates. Unrelated 3° 
allografts in lieu of specific 2° grafts displayed biphasic distribu- 
tion of primary-type (3,°) and secondary-type (3,°) rejections. 
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Table 2 Tests for influence of allograft size on cytotoxic reaction 
times in M. verrucosa ` 


No. coral Median reaction Range of individual 





Allograft pairs times (MRT) cytotoxic reaction 
sizes* tested (d)İ times (d) 
(1) w 9 cm? 8 18.2 (13.9-23.9) 14-39 
:1 7.3 
(2) Kl 4 8 20.9 (1 a 11-47 
: (7. 
(3) 72x9 cm? 8 24.4 (19.1-31.3) © 11-47 
(8 : 1) (9.1) Sa 





Graft dosage or size had little or no effect on the direction or 
timing of allograft reactivity. 

*Tissue mass ratios shown in parenthesis. Because the smaller 
piece was the same size (9 cm?) in all three experiments, the amount 
of allogeneic tissue in interfacial contact was also the same. 

Ranges in parentheses are 95% confidence limits; single numbers 
in parentheses below each entry are the standard deviations of the 
MRTs. Initial cytotoxic reactions were discernible with equal 
frequency on small or large grafts; all allograft reactions became 
bilateral in the same manner as control grafts of equal-size pairs. 


contact yielded a MRT of 18.6 (15.5-21.6)d with a 
range of individual cytotoxic reaction times of 17-45 d. 
Similar results were obtained in three additional experi- 
ments with short-term presensitisation attempted for 2, 4 
or 8d. Individual cytotoxic reaction times ranged from 
9-35 d, but only one test-allograft in each of these experi- 
ments exhibited an early reaction suggestive of induced 
immunity. Reaction time ratio tests showed that none of 
the four MRT’s obtained was significantly different from 
the control first-set value of 22.0d. Thus little or no 
pre-immunisation was conferred by short-term allogeneic 
contact in marked contrast to the potent immunity that 
resulted from contact for 28d or longer. These results 
suggest that systemic immunisation requires longer than 
8d of cell-surface contact. Alternatively, any early immune 
memory induced seems to fade rapidly. 


Implications of immunoreactivity in lower 


invertebrates 

In the light of earlier studies of advanced invertebrates, 
we were not surprised to find highly discriminating trans- 
plantation specificity in corals coupled to extensive poly- 
morphism of allogeneic H markers probably abundant on 
cell surfaces. The decisive experiments were observable 
in nature, whereas our challenge was to quantitate the 
reactions in controlled laboratory conditions. The finding 
of specific alloimmune memory in coelenterates was 


~ 





Table 3 Duration of alloimmune memory in M. verrucosa after 
separation from primary allografting at 4 weeks 





Time of 
second-set Range of 
grafting (weeks No. coral Median reaction individual cyto- 
after 1° separa- pairs tested times (MRT) toxic reaction 
tion) | (d)* times (d) 
2 7 10.7 (8.6-13.4) 9-17 
3.4 
4 8 15.3 (1 ea 10-34 
8 7 21.8 (16.1-29.4) 12-38 
l (9.3) 
16 7 20.1 (14.6-27.8) 12-35 
(9.1) 





_ Strong alloimmune memory was present at 2 weeks, but this 


memory faded considerably by 4 weeks and was completely gone by 8 - 


weeks after primary separation. 
*Ranges in parentheses are,95 % confidence limits; single numbers 
n ae below each entry are the standard deviations of the 
S. i 
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unexpected, however, even though we realised that memory 
itself might well be an, evolving characteristic in multi- 
cellular animals’. This supposition is now strengthened by 
the repeated demonstration of short-term memory in 
Montipora in this study. Further investigation of conditions 
that might favour long-term memory is desirable, because 
the absence of this characteristic could be a major 
distinguishing feature of lower Mmetazoans.. 


` ` The histopathological changes accompanying allocytotoxi- 


city in Montipora have proved more difficult to interpret 
because ‘the diversity of leukocytes or inflammatory cells 
associated with allograft reactions in higher animals is 
not evident in  coelenterates. Moreover, ‘appropriate 
techniques for fixation, decalcification and staining of coral 
tissues are not fully developed. Although we have many 
histological sections of Montipora allograft reaction zones 
at successive stages of incompatibilty, cytotoxicity is 
obviously reflected only in tissue disruption, localised loss 
of cells in the immediate contact zone, and excessive mucus 
secretion. No lymphocytic-or phagocytic-type cells, as found 
to infiltrate allografts in more advanced invertebrates’, 
have ‘been detected thus far in our coral grafts. Although 
coelenterates including corals are endowed with leukocyte- 
type cells called amoebocytes”, their participation in allo- 
graft rejection reactions remains conjectural. 

Elsewhere a two-component system of (1) specific H 
marker immunorecognition leading to (2) nonspecific 
cytotoxic reactions mediated by non-antibody proteins has 
been suggested as the essential basis for immunocompetence 
in multicellular invertebrates’. The specific induction phase 
is apparently contingent on polymorphic H receptors lead- 
ing to activation or triggering of a nonspecific effector 
phase served by macromolecules with broadly toxic 
properties. Although specific cell-surface immunorecogni- 
tion is characteristic of the solitary coral Fungia, the 
non-dialysable, xenocytotoxic molecule(s) secreted . in 
response are nonspecifically reactive with diverse target 
cells’, This early but efficient form of immunoreactivity 
seems to have been retained during progressive evolution 
of immunocytes and diversification of functions.’ 

The immunoglobulin (Ig) system of antibody-mediated 
immunity first appears at the level of chordates or fishes 
as an addition to the postulated H system of cell-mediated 
immunity already well-developed among invertebrates. 
Cooperation among lymphocytes and macrophages 
apparently led to progressive integration of the H and Ig 
systems eventuating in the immunoregulatory network 


' characteristic of. higher vertebrates”, The heterogeneity 


of classes of thymus-derived T lymphocytes serving 
numerous functions among vertebrates, including trans- 
plantation immunity, may involve distinctive H and Ig 
receptors”. Possibly the Ig molecules of vertebrates evolved 
from. structurally similar H molecules*:* to provide 
physiologically complex. animals with two immuno- 


‘ recognition systems: ` 
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Spatial configuration of mRNA 5’-terminus 


Chong H. Kim & Ramaswamy H. Sarma 


Institute of Biomolecular Stereodynamics, State University of New York at Albany, Albany, New York 12222 


Nuclear magnétic resonance investigation has revealed that 
the 5’-terminus m'G*’ppp?’Am of mRNA displays a spatial 
configuration in which the bases form stacked arrays. Details 
of the conformation as derived from coupling constants, shift 
trends and ring current considerations are discussed. 


THE 5’-terminal regions of a wide variety of mRNAs of eukaryotes 
contain an unusual sequence of nucleotides in which the terminal is 
7-methyl-guanosine!—!! (Fig. 1). Several studies!°-!5 have shown 
that this sequence for the 5’ termini of mRNAs is obligatory to 
carry out in vitro translation with fidelity. 

To understand the structure—-function lanon we have 
explored whether the uncommon constitution of the 5’ termini 
endows any unique stereochemical features to mRNAs. The 
conformational properties of the 5’ termini were investigated by 
studying the solution conformations of: (1), 7-methylated guan- 
osine derivaties compared with the corresponding non-methylated 
analogues; (2), 2’-0-methylated nucleosides and the corresponding 
5‘-nucleotides compared with the non-methylated analogues; and 
(3), the dimer m’G°*’ppp*’Am. 


Fig. 1 


All materials used were commercial preparations. 'H nuclear 
magnetic resonance (NMR) spectra were recorded at 270 MHz in 
the Fourier transform mode using systems described else- 
where!®!8_ All NMR spectra were analysed using a UNIVAC 1110 
computer and LACON III. Figure 2 illustrates the observed and 
computer-simulated spectra of m’G*’ppp*’Am at two tempera- 
tures. The coupling: constants data derived for the various 
monomers and the dimer were translated into conformational 
parameters using equations developed by Lee and Sarma’? and 
Lee et al.!8 and the data are summarised in Table 1. . 


Conformational properties of 7-methylated 
monomers 

In general the ribose ring of common nucleosides and nucleotides 
at the examined pH and temperature exist as 7E<>°E equilibrium 
mixture with a bias of ~ 60% for *E conformer (Table 1). 
Inspection of the ribose conformer populations for the non- 
methylated and methylated systems clearly reveals that 7- 
methylation has a decisive influence. The data show that this 
causes 13-24% increase in ĉE conformers and the increase closely 
follows the number of phosphate groups introduced. It is impor- 
tant to note that 7-methylated di- and triphosphates tend to 
populate in °E conformation and this is the first observed case in 
which purine 5’-nucleotides show a preference for °E pucker in 


The sequence of mRNA at the 5’-region. The above sequence can be abbreviated as m’G*’ppp*’AmpA. Structures i in which AmpA has been 
replaced with any of the common bases have been observed in mRNA. The conformational nomenclature y, Y, ¢, œ, œ, ¢’, 


ġ” and so on follow 


definitions according to TUPAC-IUB. In the present paper a letter ‘c’ is inserted to distinguish between the cap region and the AmpA region. Thus y. 


stands for sugar base torsion of m’Gp- and y, and x, for the Amp- and -pA parts respectively. Non-standard abbreviations such as G” 


used for 5'-GMP, 5’-GDP and so on in accordance with their wide use in the original papers'~ 
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Fig.2 Theobserved 270-MHz'H NMR spectra of m7G*'pppAm 

at 5 °C (c) and 80 °C (e). Both spectra were analysed by computer 

simulation of m’G*’p-(a@and g) and -p>’Am parts (band A) separately 

(aand bat5 °Candg and hat 80 °C) and combining them to produce 

complete simulation at 5 °C (d) and at 80 °C (f). The chemical shifts 
are Hz relative to tetramethylammonium chloride. 


aqueous solution. In the 7-methylinosine 
phosphorylation has no effect on. ribose conformation, in the 
contrast to the 7-methylguanosine series. Changing the ionisation 
state of the phosphate causes only a slight shift to E pucker for 


m’G*°’p. In the case of di- and triphosphate this has an opposite. 


effect, that is, 7E population increases. With respect to the common 
derivatives only the diphosphates are sensitive to ionisation 
changes. _ 

The data indicate that irrespective of whether mono-, di- or 
triphosphate, or whether 7-methylated or not, all nucleotides show 
an overwhelming preference for g’g’ orientation(¢, = 180°)about 
C5’—-O5’. There is, however, a drastic change on conformational 
preference about C4’-CS’ in going from 7-methylated nucleoside 
to corresponding nucleotide. The population of gg orientation 
(wv, = 60°) significantly increases on 5’-mono-, di- or tri- 
phosphorylation of 7-methylguanosine. A possible reason for this 
overwhelming increases in gg population is the electrostatic 
interaction between the positively charged N7 and the negatively 
charged phosphate groups. In the gg conformation the distance 
between the phosphate oxygens and N7 is minimum compared 
with that in the alternate gt (W, = 180°) and tg (Ww, = 300°) 
conformers. The phosphorus chemical! shift data summarised in 
Table 2 clearly substantiate this electrostatic interaction. Parti- 
cularly noteworthy is the substantial difference in chemical shifts 
between the y phosphorus of m’G*’ppp and G°’ppp. . 

It should be noted that m’G°*’p, m’G°’pp and m’G°’ppp exist 


` 





series 5- 
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with almost exclusive preference for the gg orientation about 
C4’-C5’. This presents a drastic contrast to the situation in G*’p, 
G*'pp and G*’ppp, all of which exist as a conformational blend in 
which the gg population range from 67~77%, the remaining being 
the alternate gt and tg conformers. This is the first time a nucleotide 
in aqueous solution has been shown to exist with a rigid geometry 
about C4-C5. The data thus point.out the impact of 7- 
methylation on the conformational freedom about. C4’-C5’ bond 
in the guanosine 5’-nucleotides. This is a general phenomenon 
associated with 5’-purine nucleotides and not something endemic 
to the guanosine system is illustrated by the dataonm’Jandm’I°’p 
(Table 1). 

X-ray and NMR data and theoretical calculation on mono- and 
dinucleoside monophosphates (see ref. 18 and refs therein); have 
shown that the’preferred glycosidic torsion in these systems lie in 
the antidomain. In the 7-methylguanosine series the anti domain is 


. congenial for the electrostatic interaction discussed above. 


Conformational properties of 


2’-O-methylated monomers - : 

The data in Table | for the 2’-O-methylated nucleosides and 
nucleotides reveal that at the monomer level 2’- O-methylation has 
only very little influence on the conformational preferences of the 
ribose ring, C4’-CS’ and C5’-O5’ bonds. They, in general, exist asa 
conformational blend in which ?E pucker, gg and g’g’ confor- 
mations are preferred. The influence of the ionisation of phosphate 
on the chemical shifts of base and ribose protons (data not given) 
reveal that in this system the base occupies anti domain. 


Conformational properties of the dimer 
m’G>’ppp*’Am 

The conformational parameters (Table 1) mdti that m’G°’p- 
and -p>’Am of the dimer show a significant preference to orient the 
C4'-C5 and C5’-OS’ backbone in the classically staggered confor- 
mation in which y = 60°, ¢.= 180°. But, m’G>’p- component 
prefers °E sugar pucker and -p*’Am component prefers ?E sugar 
pucker. Comparison of the conformational data for the dimer with 
that of the monomers at pH 5 (Table 1) clearly indicates that with 
respect to the local conformations about the sugar ring, C4’—-CS’ 
and C5’-O5' bonds the monomers essentially conserve their 
conformation in the dimer. There is a small but real shift towards 
3E pucker in the dimer for the m’G°’p- part, however. This small 
shift may indicate a reduction in the y, of the dimer compared with 
that of the monomer, because of the conformational nexus 


_ between ribose pucker and yen (ref. 18). i 


Information about the molecular topology and Miamala 
order of the dimer can be obtained from comparison of the 
chemical shift data for monomers and the dimer. These dimeris- 
ation data are presented in Table 3. The data clearly show that the 
two nucleotidyl units at the 5’ ends of the triphosphate bridge 
interact with each other, changing the effective field felt at the 
various protons. As a result of this interaction the chemical shifts 
of the two residues undergo drastic changes. The protons which 
show negligible changes are only H4’, HS’ and H5” of the m’G*’p- 
residue. The H5’ and H5” of the -p*’Am residue undergo shifts to 


Fig.3 The two perspectives, drawn using ORTEP, of m’G*"p. The 
left one shows the ‘B’ side of purine and the right one ‘the ‘A’ side. The 
ribose is 7E, w = 60° @ = 180° and y, = 60°. This is the most 


preferred conformation of m’G*"p. 
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Table 1 Conformational parameters for various components of 5’-terminus of mRNA and corresponding analogues in D,O 


Be eS 60666 


Common nucleosides 
and nucleotides 


` 
e 


bo 


G 
G°*’p 


G*’pp 
G*’ppp 


A 
pA 


- ppřA 
7-methylated 
derivatives 
m7 
m’G*’p 
‘m'G*’pp 
m7G*’ppp 


m’] 
m7I5’p 


aya n~)n~~] 


2’-O-methylated 
derivatives ` 
Am 

p*’Am 


pp?’Am 


Gm 
p*’Gm 
pp*’Gm 
ppp*’Gm 


ANNANN 


Dimer.m’G*’ppp*’Am 
m7G5’p- 7(5 °C) 

7 (80°C) ° 
7(5 °C) 


-př Am 
7 (80 °C) 


° conformational preferences about various bonds 
, 


C5-05 C4’-C5 Ribose 
g'g Egt gese/t _ SESE 
a oo 69 3! . 38 62 
75 25 67 ~ 33 36 64 
71 29 71 29 37 63 
71 29 69 31 44 56 
74 26 71 29 37 63 
68 32 77 23 36 64 
70 30 79 2l 37 63 
R 75 25 36 64 
76 21 75 25 38 62 
72 28 11 23 39 6l 
69 31 79 21 47 53 
72 28 79 21 40 60 
ai 76 24 ` 51 49 
77 23 97 3 54 46 
74 26 9 9 60 40 
76 24 100 0 65 35 
78 22 100 0 53 47 
75 25 100 0 60 40 
76 i24 100 0 51 49 
a 77 23 56 44 
79 21 95 5 57 43 
72 28 98 2 58 42 
as ee 78 22 33 67 
73 27 75 25 35 65 
70 30 77 23 38 62 
73 27 76 24 40 60 
72 28 79 21 36 64 
— — 69 31 37 63 
74 26 73 27 35 65 
69, 31 76 24 42 58 
69° 31 66 34 35 65 
81 19 100° 0 61 39 
75 25 90 10 51 49 
74 26 s 88 12 ~ 40 60 
72 28 79 21 , 40 60 


eg A 


Concentration is 0.02-0.07 M for the monomers except for G(0.004 M) and 0.007 M for m7G*’ppp*’Am. The temperature in all cases was 19+1 °C 


unless otherwise stated. 


7 


lower field. The remaining protons of both residues are shifted to 
higher field by as much as 60 Hz. From the observation that H8 
and H2 of the -p*’Am moiety and 7-CH, group of m’G°’p-moiety 
are shifted to higher field it is immediately apparent that the two 
aromatic systems interact with each other as probably in a parallel 
stacking. g l ; 

It should be emphasised that the interaction between bases takes 
place while the individual nucleotidy! units maintain very similar 
conformation for ribose, C4’-C5’ and C5’-O5’ bonds as in the 
monomers. Hence this intramolecular stacking interaction must 
be made feasible by torsional variation around the phosphodiester 
bonds of the triphosphate bridge. To describe the stacking 
possibilities between the two ring systems it is necessary to label the 
sides of purine moieties by the letters A and B as has been done 
before?°-22. These are shown in Fig. 3 for m’G*’p. There are four 
possible types of stacking: (1) A-A stacking. A surface of m’G*’p- 


moiety faces the A surface of -p°’Am moiety (Fig. 4a). (2) A-B'’ 


stacking. A surface of m’G*’p- moiety faces the B surface of - 
př Am moiety (Fig. 4b). (3) B-A stacking. B surface of m’G*'p- 
moiety faces the A surface of -p°’Am moiety (Fig. 4c). (4) B-B 
stacking. B surface of m’G*’p- moiety faces the B surface of - 
p>’Am moiety (Fig. 4d). ` : 


In A-A and B-B stacking the Ol’ of both ribose rings are ` 


oriented in opposite direction whereas in A-B and B-A stacking 
they are oriented in the same direction (Fig. 4). The four stacking 


arrangements depicted in Fig. 4 are generated while maintaining — 


the same conformation for the ribose rings, C4’-CS’ and C5'-O5' 


bonds, and the only changes are in Xe, 71, @C,,@’C,, wC2, wC, 
wC, and w'C3. ` Ss a y 
The‘observation that the base protons of -p5’Am moiety and 7- 
methyl! group of m7G*’ p- moiety are shielded (Table 3) can be 
rationalised on the basis of any of the above stacked structures or 
on the basis of a blend of all the four forms. One should, however, 
be able to make a distinction by following the shift trends of 
interior protons suchas H1’, H2’, H3’, H4’, H5’,and H5”. The shifts 
of H5’ and H5” could be affected by torsional changes in the 
‘phosphate backbone as a dimer is formed from the monomer, and 
hence are of little use in the determination of stacking interactions 
from ring‘current considerations. The H1’ chemical shift of both 
residues will be highly sensitive to zcy variation and the observed 
upfield shift of H1’ (Table 3) is an indication of reduction in žen 


a eee 


Table 2 Chemical Shift data (Hz) of phosphorus in guanosine 
derivatives 





Compounds a B y 
-G*’pp 556 - 410 — toe 
m’G*’pp 566 428 | — 
G*’ppp 566 999 400 
m’?G5’ppp f 576 1014 423. 


le e S e 


j Shifts are given relative to internal trimethylphosphate, (CH,0),OP 
Concentration is 0.05 M, pH 7.0.at 19+1 °C. 40.5 MHz NMR system. 
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(refs 23, 24) on dimerisation. This is anticipated because dimeris- 
ation and stacking will necessitate the readjustment of yen in the 
dimer compared to the values in the monomers. It should be noted 
that in both dimer and monomers the base prefers antidomain but 


the magnitude of yen in the dimer is smaller than that in the 
monomer. NMR methodology cannot precisely determine the 


magnitude of žen but can only provide relative changes”*. If the ` 


- value of ycy in the monomer is between 50° and 60°, the value in the 
dimer will be between 30° and 40°. Hence,-one cannot use the shift 
trends of H1’ to monitor the stacking interactions. But, the 
observation that H2’ and H3’ of m’G* p- and -př Am have 
undergone significant shielding to higher fields can be rationalised 
only on the basis of the presence of significant, populations of A-A 
stacking. Inspection of perspectives (Fig. 4a—d) clearly reveals that 
only in an A-A stack these four protons lie in inside of the stack. 

Thus H? (see Table 3) and H3’ of m’G*’ p- moiety can be shielded 


$ ` 


) 


* 
+) 
` 
ate 
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Fig. 4 The four basic stacked 
arrays A-A (a), A-B (b), B-A (c) 
and B-B (d) possible for 
m’G”pppřAm. The perspectives 
were generated using ORTEP. In all - 
the projections the ribose of the 
m’G*’p- part is ĉE and that of the 
-p°*’Am part is 7E, further y, =60°, 
| p,=180°",  6,=180°, w,=60° 
` and @”=180°. These- are the ex- 
perimentally observed preferred 
values. The values for y and y,as well 
as those for wCl /a'Cl, wC? w'C2, 
wC3/w'C3 cannot be obtained dire- 
ctly from NMR data because of the 
lack of appropriate nuclei to produce. 
the desired coupling constants. But 
the data clearly reveal that the bases 
are in the antidomain and the orien- 
tation of the phosphodiester bonds 
allow stacking interactions. A search 
in the conformation space produced 
5 a set of values for y., 7,, @C1/œ'C1, 
wC2/w'C2 and @C3/w'C3 whichcan 
generate the four possible stackings. 


A 


A 


by the adenine of -p*’Am, conversely H2’ and H3’ of -p*’Am 
moiety cari be shielded by the guanine ring of m7G*’ p-. This 
mutual shielding is possible only in an A-A stack. The observed 
difference in the magnitude of shielding between the sets of H2’ and 
H3’ protons of two moieties is merely a reflection of the difference 
in the ring current fields of adenine and guanine moieties2°. The 
ring current shielding abilities of guanine are less than that of 


adenine*°-?°. In the present case the guanine ring contains positive 


charge and this will further dilute the effect of guanine. The data in 
Table 3 clearly show that the adenine shields the H2’ and H3’ of 


. m’G*’p- considerably more effectively than, guanine shields the 


H?’ and H3" of -p*’Am. This is indeed expected. TE. 
Because of the inherent flexibility of the various phosphodiester 
linkages, in aqueous solution it may be that the dimer m’G*’ ppp” 
Am exists as a conformational blend of the various stacked arrays 
and extended: forms. Our major conclusion is that among the 


’ 
' 
' 
: š ‘ . ` 
P ` a, 1 A 
TE 
. 
ae r 


Tabłe 3 Effects of dimerisation.and temperature change.on chemical shift . 





m’G5’p- 

AH8 ; —f - 
2’-O-Methyl = 
7-Methyl 25.7 
HI’ i 62.6 
H2’§ 60.6 
H3’ 3 46.3 
H4 1.5 
HS’ 1.7 
H5” —0.7 : 


*Value in monomer minus that in dimer. ur 
tVafue for dimer at 80 °C minus that for dimer at 5 °C. 
{GH8 exchanges with D,O and could not be located. - 


Dimerisation effect* (Hz) 


Temperature effectt (Hz) 


-př Am m’G*’p- x -p*’Am 
27.6 I —f 18.7 
22.8 - 25 36.1 
11.8 E = 9.2 
“a 22.8 z 
39.8 E 44.5 9.0 
46.3 T y Moa 24.5 
28.1 -. - "29-6 6.0 
6.9 ,. : —10.0 n57 

—18.0 2.0 — 15.5 

ss —4.5 — 1.0 


Note that even though thè data indicate significant high field shift for H2’, the theoretically projected2*:?° shielding of H2’ originating from stacking 
interactions in A-A stacks should be larger than what is observed. This is because, this high field shift is internally compensated by the down-field shift23 of 


H2 caused by reduction in x associated with 3E sugar pucker., 


/ 


/ 
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various conformational possibilities in aqueous solution the A-A 
stack predominates and the molecule has an inherent proclivity to 
form A-A stacked arrays. The temperature data on 

m’G* pppř Am summarised in Table 3 closely parallel the 
dimerisation trends and these observations are essentially in 
agreement with the findings of Ts’o and coworkers?’ that elevation 
of temperature causes de-stacking and at higher temperatures the 
dimer tends to approximate to monomer conformations. 

We thank the University Computer Center, particularly Mr 
J. Quinn, for assistance, and H. Bushweller, S. Hoogasian, J. 
Zubieta, G. Govil and M. M. Dhingra for computer programs. 
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Evidence for a 39-d period in Cyg X — 1 


THE detection of a 39-d period in Cyg X — 1 (HDE226868), as seen 


in the ultraviolet (ultraviolet-filter) polarisation’, would have at 
least one interesting interpretation, that of a third-body orbital 
period (M. Milgrom and J. Shaham, personal communication). 
We report here the result of long-term monitoring of the optical 
polarisation of Cyg X — 17, which has been in progress since 1974 
at Pine Mountain Observatory, Oregon. Up to early August 1977, 
over 225 nights of untraviolet-filter data were obtained. Power 
spectra of the ultraviolet-filter polarisation computed in March 
1977 suggested a peak at the approximate period 39 d, common to 
the separate power spectra of our two instrumental Stokes 
parameters? Q and U. The amplitude of the feature corresponds to 
a peak-to-peak polarisation variation of about 0.25%. The Q and 
U variations proved to be coherent with each other and to be ofa 
rectilinear type, describable as a simple variation along a certain 
rotated Stokes parameter Qo, defined approximately by Qo =p 
cos[2(@—117°)]. The normalised conjugate parameter Up=p 
sin[2(6 — 117°)] shows no significant variation at the 39-d period. 

‘' Cyg X—1 has an interstellar polarisation of roughly 5%, on 
which variations of the order of +0.3% are superimposed. The 
variability is partly or largely random in character; the isolation of 
periodicities, therefore, requires a long-term programme. We have 
also recorded a slow secular change in p, the degree of polarisation, 

averaging about 0.00047% d~t in the ultraviolet; this has amoun- 


ted to a shift from an average p = 4.25% in 1974 to 4.55% in 1977. 


Figures 1 and 2 show power spectra of the ultraviolet-filter 
polarisation, computed by the bin method?, using data from 192 
nights spanning the interval September 1974—-June 1977. The two 
spectra in Fig. 1 are of the Qo parameter, in which the 39-d effect is 
most evident. Figure 2 shows the power spectra of Qo and Up using 
the slope-corrected data after a mild weighting, in which all data 
entries (nights) which exhibit excursions AQ or AU exceeding 0.7% 
have been assigned relative weights of 0.5 (15 nights are thus de- 
weighted). 

The 39-d peak in Qo is the highest peak in all of our power 
spectra, apart from very long-period structure (P 2400 d) when 
the secular slope is not removed as in Fig. la. In later results, using 
225 nights of data, the contrast of the 39-d feature has improved. A 
very rapid improvement cannot be expected. 

Statistical aspects of the apparent 39.2-d periodicity are sum- 
marised in Table 1, which is based on an analysis made with a 


packaged statistical program. The latter performs linear re- 
gression and yields various data such as F values. We used a multi- 
function fit to the raw data including: (1) a slope term, to account 
for the secular change in polarisation; (2) the predominant 39.2-d 
sinusoid ; and sometimes (3) a harmonic, of period 39.2 d/n, where 
n is an integer. (The case n=0.5 is also included in Table 1.) The 
likelihood of a null hypothesis for each frequency component, of 
arbitrary phase but pre-assigned period, is given in column 3. 
Those probabilities must be multiplied by the number of 
statistically-independent periods, that is by N/2 where in this case 


l Fig. 1 Power spectra of Cyg X—1 ultraviolet-filter polarisation, 
based on 192 nights from September 1974 to mid-June 1977. (One 
data point per night is taken, involving 1-3 h of integration including 
calibrations.) Computed by simple bin-averaging method of Kemp ef 
al.*, Such power spectra have slightly poorer signal-to-noise ratios 
than spectra computed from linear regression, but are less expensive 
in computer time. Scan uses 1,000 discrete frequencies, six bins. a, 
raw data; b, Passel from data with secular slope 
(Ap= +0. 0005% d - 1) removed thus suppressing the structure at very 
long periods (>200 d). Parameter Qo has maximum amplitude at 
39.2 d. In all the figures, ordinate is proportional to power, that is to 
the squared Fourier amplitudes of the polarisation in per cent; 

abscissa is linear in frequency (inverse period). 
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Fig. 2 Power spectra with slope removed, and with data slightly 

weighted; 19 points with a, AQ or b, AU (variations from means) 

given weights 0.5, all others given weights unity. A very slight 

improvement is noticed in the apparent signal-to-noise ratio. Both 
Stokes parameters are shown. 


N=192. We must also multiply by 2, to account for the two Stokes 
parameters Qo and Uy. Unbiased probabilities for a random-noise 
hypothesis are thus given in column 4. 

From this analysis, and other criteria, we have concluded that 
the 39.2-d periodicity is real with a probability which now exceeds 
OTA: a 

.Of the harmonics, only the fourth (of period 9.8 d) seems to be 
appreciable. In Table 1 the low amplitudes at 2.8 dand 5.6 d, are of 
special interest the latter being the well-known binary orbital 
period. : 

Figure 3 shows an amplified trace of the Qo power spectrum in 
the vicinity of 39 d. A least-mean-squares fit to the function (4 
sinAv/Av)* has been made. We find a best-fit period of 39.22 d for 
the bin-type power spectrum, and 39.30 d for the linear-regression 
points—or an average of about 39.26d. To three significant 
figures? the binary period of Cyg X—1 is 5.60d. We thus 
contemplate the ratio 39.26/5.60 = 7.01. That is, the 39.2-d period 
is very likely the exact seventh multiple of the binary period. 

Because of the almost integral relationship just shown, one 
might suspect that the 39-d pattern is an aliasing effect of some’ 
kind,.but this is unlikely. The test power spectra obtained by 
applying pure sinusoids to our sampling times have negligible side 
lobes, less than 1/5 as strong.as the central peaks, as we have tested 
for 39.2-d, 5.6-d and 2.8-d fundamental periods; and furthermore, 
the Fourier amplitudes at 5.6 and 2.8 d in the observed .power 
spectra are very weak. A confusion with aliases having periods very 


close to 1.0d, namely the periods (1.0d+1/39.2 d), cannot be 


Tablel Cyg X—1, ultraviolet polarisation; components of 39.2-d 
variation and harmonics from linear regression 
Period Amplitude (in Simple null Unbiased null 
(d) % polarisation) probability* probabilityt 
Qo Stokes parameter 
39.2ł 0.129 +0.032 1.1 x10774 0.021 
39.2§ 0.131 +0.030 0.7x 1074 0.013 
9.8§ 0.087 +0.031 0.0036 (0.69) 
5.6 0.041 +0.031 0.150 (~1) 
2.8 0.045 + 0.031 0.137 (~1) 
.78.4|| 0.035 +0.032 0.250 (~l) 
Uo Stokes parameters E a 
39.2§ l 0.016 +0.034 0.569 (~1) 
9.8§ 0.017 +0.033 0.554 (~1) 





*As furnished by statistical program, with pre-assigned period or 
periods ; equals twice the product of probabilities for sine and cosine terms. 

tSimple probability multiplied by (192/2), the number of statistically 
independent frequencies or periods obtainable with 192 data points. 
Meaningful for small probabilities (<1). 

{Based on 3-parameter fit: slape plus 39.2 d sine, cosine. . 

§From 5-parameter fit: slope plus 39.2 d and 9.8 d sines, cosines. 

|| From 5-parameter fit: slope plus 39.2 d and harmonic or sub-harmonic 
sines, cosines. " 
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ruled out, because our observations are always separated by about 


1d or more. We discount that possibility. 


As yet the 39-d periodicity has not been detected in other 
properties. A search of the X-ray flux records does not show sucha ` 
period (S. S. Holt, and E. N. Walker, pérsonal communications); 
but the X-ray variability is known to have at best only a tenuous 
connection with the optical behaviour’. Virtually all of the optical 
photometry of Cyg X— 1 has been performed in blue filter (blue 
light). There is no indication of a 39-d period in the blue 
photometry (E. N. Walker, and I. G. Nolt personal com- 
munications). On the other hand, it is likely that the 39-d effect is 


Period (d) 
45 43 4] 39 37 35 


Power (P,) 





‘ y 


Fig.3 Local power spectrum, Qo parameter, around 39-d period. 

Jagged curve“ is generated by bin-analysis program; circle points 

were Obtained one at a time from multiple regression program 

including a slope plus sine and cosine (for each period). A curve fit to 
° the diffraction-like function is shown. 


wavelength-dependent and is absent in’ the blue—visible: the 
ultraviolet—blue—visible polarimetry of 1975? indicate Qo ampli- 
tudes of <$ 0.06% in blue and < 0.08% in visible. Ultraviolet 
photometry, currently under investigation at our observatory, 
may answer the question of a photometric counterpart of the 
polarisation period. 
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Milgrom, and J. Shaham for helpful discussions. Our work is 
supported by NSF grant MPS 75-19754. 
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Possible 39-d polarisation period in Cyg X--1 


Kemp?” has reported that the power spectra of the Q and 
U stokes polarisation parameters, for the U band radiation 
from Cyg X—1, show a ~ 3o peak at 39.26+0.10 d. The peak 
was found to represent a modulation in which Q and U- vary, 
in phase, at 0.27% peak-to-peak total polarisation. While 
this was reported to be the strongest U band periodicity in the 
frequency range considered, it was not found in the B and V 


bands (ref. 3 and J. Kemp, personal communication). Further 


f 
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observations are necessary to set limits on this modulation 
for the various radiation bands. This letter suggests that such 
variable polarisation component may arise from those optical 
photons which, after being radiated by the disk, are Thomson 
scattered into our line of sight by the flared material at the 
outer parts of the disk and in the incoming flow‘. Details will be 
published elsewhere®. Here we note that, with a favourable 
ratio of electron scattering opacity to absorption opacity and 
with a scattering depth Tes ~ 1, such scattering can polarise 
the photons to a high degree (~ 20%); we also note, that the 
in-phase variability of Q and U can come about if the azimuthal 
structure of the scattering region does not have a 39.2d variation 
(for example, if the disk is always axially symmetrical), while the 
r,z structure does have sufficient variability to change the 
amount of scattered photons relative to the total flux and hence 
to produce a variation in total polarisation. 

Matter from the primary which flows through L1 to join the 
outer disk assumes, on a Keplerian time scale, such constant 
azimuthal structure, which we may call ‘the scattering rim’. 
r,z-Structural variability can then come about by a modulation 
in L1 overflow. The latter can be induced by tidal interaction 
with an eccentric, 39-d periodic motion of a third, light, star 
around the Cyg X-1/HDE 226868 system, in a way similar to 
that suggested previously for the Her X-1/HZ Her system’. 

The L1 point for the binary system is located ~ 10-16 x 10" 
cm from the compact object, for the accepted range of binary 
masses. If the rim is located at a distance of rı, x 10" cm and, 
for simplicity, extends over 0.2x 10" (a/0.2)rıı cm in the r 
and +z directions, then its transversal optical scattering 
depth is t.,~3(a/0.2) *wr,,~*7_», where, M- is the average 
accretion rate, in units of 10-°Moyr—, and w is the mass of 
the ‘rim’ in units of the total mass accreted during a 39-d 
period. In steady state, the inward drift time of the ‘rim’ is of 
order ~39 d and we expect y <1 for a large flow modulation. 
Due to the non-hydrostatic nature of the rim’ and its heating’, 
we expect a to be larger than the angular size calculated for 
hydrostatic disks. The condition t.,~1 thus seems to be 
compatible with current understanding of disk and mass flow 
(when Tes > 1, (but not > 1) polarisation by backscattering 
could still occur). 

For U band photons, Kes dominates at densities 


p<2x 10 T,ig/cc = pe (1) 


where T, is the temperature in 104 K. On rewriting equation (1) 
as 7,2 0.5r,,~*(a/0.2)—*t es? we note that this condition is 
also likely to be satisfied, since rim cooling drops sharply 
when T, < 1 due to the decreasing ionisation, and since the 
rim is being constantly heated by the incident X-ray flux and 
the jet-disk shock. 

Due to uncertainties in efficiency and total luminosity of 
Cyg X-1 we can estimate only roughly the U luminosity, 
Ly,a, in the direction of the rim. To produce a 0.27% total 
polarisation with 20% scattering polarisation we must have 
Lu, a ~ 0.1(a/0.2) Lu, p ~ 0.2(a/0.2) L x,a, where Ly,, is the 
primary luminosity and Lx, a is the 2-6 keV X-ray luminosity’. 
Since most of the optical luminosity is due to X-ray heating”, 
we do expect a suppression of B and V rim scattered flux, 
hence of 39-d B and V polarisation modulation, relative to the 
U band. This is because such optical surface emission has a 
strong limb brightening effect, especially at glazing angles, 
and may develop a marked inverted Balmer jump (higher 
intensity for wavelengths below the Balmer edge). Some 
support for this property of heated surface emission is furnished 


by indirect observations of the continuum emission from the- 


disk in SMCX—1 (ref. 12). 

The existence of a modulated rim structure can be tested by 
further observations: The hard X-ray (> 10 keV) intensity 
and polarisation should be modulated at 39 d, with respective 
peak-to-peak amplitudes of 70aa% and 15aa%, where a is the 
albedo. The average polarisation for a ~ 0.2 and a ~ 0.5 is 
comparable to the predicted™!? and observed’ constant 
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polarisation of hard X rays. The corresponding amplitudes 
for soft X rays should be smaller due to their increased absorp- 
tion. Furthermore, a 0.015 mag peak-to-peak 39 d modulation 
in U intensity is expected, with a smaller amplitude for the B 
and V radiations. All of these modulations should occur in 
phase, and, to the extent that, the rim structure changes during 
a high-low transition in Cyg X-1", their amplitudes should 
change too. te 

The existence of a third star can be further tested by observa- 
tions of additional periodicities in intensities and polarisations. 
Aside from smaller amplitude binary or half binary periods, 
periods associated with the variable tidal forces are expected. 
The latter form a large set of sums of integral multiples of 
4(@,—@ 3) and the 39d frequency, where œ, is the binary 
frequency and the ,’s are instantaneous frequencies of the 
third stellar motion. Such tidal modulations will only show 
up as flow modulations if the time responses at L1 and during 
the free-fall, circularisation and inward rim diffusion are 
sufficiently small. The proximity of the observed 39.2-d period 
to an integral multiple of half a binary period (14 x 2.8 d) may 
be due to the eccentricity of the binary orbit or may be related 
to the forbidden binary phase for X-ray turn-ons in Her x—1 
(see ref. 6). We also expect longer periods, associated with 
modulations in binary eccentricity and precession of its nodes. 

Similar polarisation measurements for the Her X—1/HZ Her 
system may distinguish between models suggested for its 35-d 
period. For example, if U and Q are found there too to vary in 
phase, this may rule out a precessing disk model. 
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The 39-d period in Cyg X-1 _ 


Kempe et al? recently claimed to have discovered a 39-d 
period in the linear polarisation of the U band light for 
HDE 226868, the optical counterpart of Cygnus X—l. 
Within the errors their period is exactly seven times the 
5.60-d orbital period of this binary system. Based on this 
result Milgrom and Shaham* produced a model for Cyg 
X—1 involving a three-body system in which the third 
component is in a 39-d orbit about the 5.6-d X-ray 
binary system. This note draws attention to the absence of 
a 39-d period in other data on this star. 

Walker and Rolland Quintanilla* have recently completed 
an analysis of 349 nights of B band data obtained in 1972-76. 





230 


Two methods were used to search these data for possible 
periods. The first was based on the method of Lafler and 
Kinman’ and the second on the Fourier technique developed 
by Grey and Desikachary®. Neither method shows any 
evidence for a period of 39d or at one half or double that 
period. A realistic upper limit can be set to any modulation 
of the blue light of this star at any of these periods of 
0.001 mag., that is, 0.1%. This has to be compared with the 
modulation at 2.8d (half the orbital period) of over 2%. 

A literature search for periods in 215 radial velocities for 
this star’”** allows us to put an upper limit on any 39-d 
period of <10 km s™> compared with over 60 km s™ for the 
variations with the 5.60-d orbital period. 

We have also searched the X-ray flux measurements 
for periods using the Grey and Desikachary® method. The 
data are from the All Sky Monitor (2-6 keV) and the Sky 
Survey Instrument (2-18 keV) on the Ariel V satellite. 
Combined data from both experiments give almost com- 
plete coverage at one satellite orbit interval (~100 min) 
over the 590d before March 1977 including both high and 
low states of X-ray activity. The high state data are char- 
acterised by massive (approximately fourfold) modulation of 
an apparently random character and an upper limit of 
~10% is the best that can be placed on any 39-d modulation. 
But, the much more extensive low state data, where the 
overall modulation is much smaller, give an upper limit of 
~3% to any 39-d modulation. In both cases the power at 
~39d is significantly less than that at nearby frequencies 
and in neither case does the power spectrum suggest any 
significant 39-d period. 

We believe that the reality of this period and the sub- 
sequent model must be in doubt. This is because of the 
marginal nature of the evidence for a 39-d period in the 
U-band polarimetry and the upper limits to modulation with 
this period, or its nearest harmonics, in the B band, radial 
velocity and low state X-ray data. 
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Mercury in surface waters 
of seas around the United Kingdom 


A SURVEY of the concentration of mercury in the surface 
waters,.of the seas around the UK, has been made as part 
of the Ministry of Agriculture, Fisheries and Food’s overall 
programme of investigation into the distribution of heavy 
metals in the marine environment. Using a cold vapour- 
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gold trap method on board a research vessel, thus obviating 
the necessity to store the samples with consequent problems 
of loss and/or contamination, both ‘reactive’ and ‘total’ 
mercury concentrations have been measured. The results 
reported here show clearly the major sources of emission. 
The possible reasons for differences between these results 
and those of some’ other investigators are also discussed. 

Preston et al.’ have described a pilot survey carried out 
to measure the concentrations of selected heavy metals in 
seawater, suspended matter and biological indicators from 
British coastal waters. Since then analytical methods have 
been refined and more surveys carried out. Recently, 
because of the significance of possible mercury pollution 
and its effect on man, surveys have been carried out to 
measure the mercury levels in UK coastal waters. Because 
of the problems of loss of mercury and contamination of 
samples with mercury’*, we have analysed such samples 
immediately after collection. The technique described here 
is designed for use on board a research vessel. 

The sample, collected either by plastic bucket or Niskin 
bottle and not filtered, is immediately transferred to a 2.5] 
glass bottle, previously checked for contamination, and 
acidified by adding 10 ml of concentrated sulphuric acid per 
1 of sample. A 100 ml aliquot of this is taken for analysis. 
The mercury is swept from solution, after reduction with 
stannous chloride, by bubbling nitrogen through the sample 
and collecting the mercury on gold wire chips. The mercury 
is then determined by heating the gold to high temperature, 
and sweeping the mercury through a Coleman MAS 50 mer- 
cury analyser. The resultant absorption peak is recorded on 
a strip chart recorder set at about a X30 expansion of the 
MAS 50 output. The peak height is measured and compared 
with a standard calibration line produced either by internal 
standardisation, or addition of mercury standards to a pre- 
viously reduced sample. The practical detection limit is 
about 0.5 ng 1 and the coefficient of variation at 1 ng 17 
level is about +10%. The analysis takes 10 min from the 
time the sample arrives on deck. 

The results of the analysis of samples taken on two 
cruises during 1976 are given in Fig. 1. The cruises were 
carried out between 2 and 16 January, a period of extremely 
stormy weather, and ‘between 25 May and 14 June, a period 
of prolonged calm weather, when the suspended load was 
abnormally low. The areas have been chosen arbitrarily, 
and the individual high spots have not been included in the 
calculation of the mean value for each area. Figure 2 shows 
contours derived from the data summarised in Fig. 1 and 
the positions of the sampling stations. The main areas of 
mercury contamination are apparently in the Thames 
Estuary, Liverpool Bay, the area off the Humber Estuary 
and, to a Jesser extent, the Bristol Channel and the mouths 
of the Rhine and Elbe rivers. The data from areas A, B, C, 
D, H and L do not show any clear cut contouring. 

The exact forms in which mercury exists in seawater are 
in doubt, but it is likely that as well as being present as an 
anionic chloride complex, it will also be complexed by 
organic material both in solution and in suspended matter. 
How filtering affects the mercury content of the sample is 
uncertain, so an environmentally artificial, analytical 
delineation between ‘reactive’ and ‘total’ mercury has been 
conveniently adopted. The ‘reactive’ mercury is defined as 
that which is-available for reduction by stannous chloride 
from samples acidified to about pH 1. The ‘total’ mercury 
is that made available to reduction by stannous chloride, fol- 
lowing oxidation of the sample with ammonium persulphate. 
Chlorine, produced during the oxidation, interferes with the 
measurement, and is removed by a ferrous sulphate scrub- 
ber after the reduction step. The mean values obtained for 
total mercury levels are given in Table 1. The values for the 
areas H, I and J are not available due to difficulties experi- 
enced with the oxidation stage during the early part of each 
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cruise. In every case an increase in the mercury measured 
after oxidation was observed. 

Samples collected in the open ocean areas, acidified and 
analysed immediately, stored for 1 month in glass and then 
reanalysed, gave similar results for both the ‘reactive’ and 
the ‘total’ mercury. One sample, however, collected during 
1975, in an area of high suspended load and high mercury 
contamination gave results of 8ngi* and 73 ngl` for 
‘reactive’ and ‘total’ mercury respectively, and 1 month 
later 58 ng 1~* and 75 ng 1™ respectively. Samples which have 
been treated by boiling with acid alone have also shown an 
increase in measured mercury, to a level which is not as 
high as that obtained by oxidation. 

In samples collected at offshore stations no attempt was 
made to distinguish between mercury present in solution 
and that associated with any particulate material present. 
But, one sample (collected during 1975, in an estuary where 
pollution does occur and containing a very high suspended 
load) was filtered through a 0.22-um filter membrane; and 
on analysis 17 ng1l™* were found in the filtrate and 950 ng 
were found in the particulate associated with that I-l 
sample. 

Conclusions from these data are that the mercury present 
in seawater samples is complexed to varying degrees and 
that a measurement of the total mercury present requires 
a vigorous oxidation step to make the mercury available for 
reduction by stannous chloride in cold vapour measurement 
techniques. . 

Samples collected in open ocean areas acidified and stored 
in glass containers are stable for at least 1 month. In 
samples collected in areas of high suspended load, how- 
ever, a change in the ratio of ‘reactive’ to ‘total? mercury 
may occur on storage in acid conditions, although the total 
mercury is unchanged. In addition a large proportion of 
mercury present in samples of high suspended load is asso- 
ciated with the particulate matter. The fact that apparently 
higher levels were found in the Irish Sea than the North Sea 
may be an artefact of the sampling conditions and proximity 
to the point of discharge. Those in the western and southern 


Fig. 1 Concentration of reactive mercury (ng 1-71) from two 

' surveys in 1976. Values given are mean concentration (range of 

values) and no. of samples analysed. Positions marked, for 

example, x15 are position of sampling and concentration 

measured. Where total mercury is also available positions are 
marked, for example, x 15 (30). 
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Fig. 2 Reactive mercury (ng 171). Contoured concentration from 
two surveys (see Fig. 1). @, positions from January 1976 cruise; 
x, from May-June 1976 cruise. 


areas around the UK and the isolated ‘high spot’ points off 
the Thames Estuary were collected during a period of 
extreme storms and consequently high suspended load. The 
Liverpool Bay samples were collected closer to any point 
of discharge than, for example, those samples collected off 
the mouths of the Elbe and Rhine. It may also be significant 
that in the areas where the levels of mercury are high, 
sewage sludge is dumped. 

The mean and range of values for ‘total mercury con- 
centrations, excluding those individual high spots in the 
vicinity of discharge points, 7.9 (3.4-22) ng 17, compare 
favourably with those obtained by Fitzgerald and Lyons’ for 
the North-West Atlantic, 8 (+3) ng 1™*. Leatherland et al.’; 
13 (<3-20) ng 1, for the North-East Atlantic; and Burton 
and Leatherland’, 11-28 ngI’, for the English Channel. 
Fitzgerald and Lyons® use a method very similar to that 
described here, but the others use one based on a final 
colorimetric measurement after concentration by ion 
exchange. 

In contrast, the concentrations measured by Chester et 
al.®, 47 (<0.5-127) ngl™ for the world’s oceans and by 
Fitzgerald et al? 140 (+70) ngl™ for the North-West 
Atlantic, have much higher means and are much more 
widely spread. We have not found such high values -nor so 
widely ranged ones, even in areas of obvious contamination. 

As with all measurements of heavy metals in seawater 
samples, great care must be taken to avoid contamination 
during collection, and loss and/or contamination during 
storage. Polythene bottles are notoriously contaminated 
with mercury. It is possible that those investigators who use 
cold vapour detectors may well be measuring parameters 
unrelated to the mercury content of the sample. The addi- 
tion of nitric acid to polythene bottles may cause the release 
of some organic constituent of the plastic which will absorb 
at the wavelength used to determine the mercury. Chlorine, 
produced by oxidising the sample, will certainly interfere 
with .cold vapour detection, and this source of errog will 
have been missed by those investigators who make blank 
determinations using distilled water in place of ‘mercury 
free’ seawater. Despite great efforts to clean it, glassware 
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Table 1 Concentrations of total mercury levels where available. and 
ratio of reactive to total mercury for individual areas 


Mean total Hg (ng 171) Reactive 
Area (range) © otal 
A 6.1 (3.4-9.5) 0.33 
B 6.4 (3.9-11) 0.34 
C 7.3 (4.3-12) 0.43 
D 6.8 (4.8-9.1) 0.31 
E 6.6 (3.5-11) 0.50 
F 7.5 (5.2-11) 0.41 
G 7.9 (5.6-11) 0.39 
K 13 (6.0-22) 0.25 
i 9.6 (4.8-20) 0.28 





used in the oxidation step, will over a very long period, 
continue to release mercury into the samples, therefore we 
use quartz vessels during the oxidation step. 

Matsunaga et al. measured the ‘reactive’ mercury con- 
centrations in seawater and reported values of 5 (3.6-5.6) 
ng 1 which are in good agreement with the values obtained 
in this survey, 3.3 (0.9-7.7) ng1™*. They did not, however, 
oxidise their samples and had they done so higher values 
would have resulted. 

The ratios of ‘reactive’ to ‘total’ mercury present are 
similar to those obtained by Fitzgerald and Lyons‘ although 
the concentrations in this survey were of an order of 
magnitude lower. 

_C. W. BAKER 
Ministry of Agriculture Fisheries and Food, 
Fisheries Radiobiological Laboratory, 
Hamilton Dock, 
Lowestoft, UK 
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Mafic and ultramafic rocks 
associated with granites in the Vardar zone 


SEVERAL ophiolitic alignments have been classically 
recognised in the Dinarides and the Hellenides (Fig. 1). The 
Eastern alignment, located near the Serbo—Macedonian mas- 
sif in the Vardar zone, shows curious associations of mafic 
and ultramafic rocks with granites. Here a brief description 
of the Guevgueli magmatic complex which belongs to the 
Eastern alignment helps illustrate this peculiarity: petro 
graphic and major element data seem to prove that these 
associations occur on the border of opening inter-arc basins. 

The Guevgueli complex, in Greek Macedonia, is a large 
thrust’ slice within Jurassic sedimentary and volcanic forma- 
tions’. A fault separates this complex into two petro- 
graphically distinct units (Fig. 2)*. (1) The Western unit is 
built up of plutonic rocks-gabbroic cumulates, high Fe and 
Ti diorites (FeO* 18%; TioOz, 5%) (FeO*: total iron as 
FeO), quartz-diorites and rare trondhjemites—separated 
from lavas by a continuous layer of hypabyssal formations. 
All these rocks have a very low K:O content and present a 
tholeiitic differentiation trend? with a marked enrichment in 
FeO* and TiO.. l 

(2) The Eastern unit is more varied: it is made 
up of lavas, hypabyssal rocks forming a sheeted 
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Fig. 1 Structural map of the central: part of the Dinarides and 

the Hellenides. Black areas, ophiolites; stippled area associations 

of mafic and ultramafic rocks with granites (k, Karadagh; 
S, Stip; g, Guevuell). 


complex, and gabbroic cumulates cut by abundant magmatic 
breccias in which dolerites, gabbros, diorites, tonalites, 
trondhjemites and, granites are closely associated. The 
Sheeted complex has a calc-alkaline affinity’, whereas the 
magmatic breccias present a tholeiitic differentiation trend 
with enrichment in FeO* and TiO». These rocks are in tec- 
tonic contact with biotite-orthoclase—sillimanite—cordierite 
migmatites. A granite massif (the Fanos Granite) is intrusive 
into the migmatites, the gabbroic cumulates and the mag- 
matic breccias; the biotites of this granite, dated by K-Ar 
and Rb-Sr methods, are 150 Myr old (Upper Jurassic)‘. 
The Eastern unit seems to result from the juxtaposition 
of two groups of magmatic rocks. The first one is made up 
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Fig. 2 Geological map of the Guevgueli complex. 1, lavas; 

2, hypabyssal.rocks; 3, gabbroic formations (Western unit); 

4, gabbroic formations (Eastern unit); 5, magmatic breccias; 

6, Fanos Granite; 7, migmatites; 8, Mesozoic limestones; 
9, volcano-sedimentary formations rich in rhyolites. 
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of basic, intermediate and acid formations with low 
K:0/NasO ratios; the second one consists of granitic rocks 
with K.O0/Na,O>1. This juxtaposition can be seen in the 
magmatic breccias, in the sheeted complex which includes 
microgranitic dykes, and in lavas in which rhyolites are 
present. These observations lead to the conclusion that the 
low and high K:O formations are contemporaneous. 
Ultramafic rocks ‘are scarce in the Greek part of the 
Guevgueli complex, but they outcrop on the other side of 
the border in Yugoslavia’. Moreover, the Yugoslavian 
magmatic complexes of Karadagh, near Skopje, and Stip*”, 
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the TiO, content and the FeO*/MgO ratio, for low values 
of FeO*/MgO, in abyssal tholeiites; this positive correlation 
does not appear, or is very weak, in low KO island-arc 
tholeiites (Fig. 3). The variations of the TiO. contents with 
the FeO*/MgO ratio in hypabyssal rocks of the Western 
unit and magmatic breccias of the Eastern unit of the 
Guevgueli complex, in dolerites and lavas of the Yugo- 
slavian Karadagh complex, and in abyssal tholeiites are 
comparable (Fig. 3). 

The magmatic complexes of the Eastern ophiolitic align- 
ment in the Dinarides and the Hellenides, therefore, show a 





0 l 
FeO*/MgO 


Fig. 3 TiO., FeO*/MgO diagrams a, of recent volcanic rocks; 1, abyssal tholeiites*; 2 (x), basalts from the Lau Basin, an interarc basin 

between the Tonga and the Lau Ridges"; 3 (@), basalts from Leg 37 of the Deep Sea Drilling Project (abyssal tholeiites with very low 

TiO, content)??; 4 (V), basalts from Iceland!?; 5 (+), low K,O tholeiites from Hachijo-Jima, Izu-Bonin Arc!*; 6 (O): low K,O tholeiites 

from Tonga!®. b, Of magmatic formations of the Eastern ophiolitic alignment in the Dinarides and the Hellenides: 1 (O), hypabyssal 

rocks, Western unit, Guevgueli complex; 2 (x), magmatic breccias, Eastern unit, Guevgueli complex; 3 (V), hypabyssal rocks, Eastern 
unit, Guevgueli complex; 4 (+), dolerites and lavas, Yugoslavian Karadagh Massif®. 


located near the Serbo—Macedonian massif, also show close 
associations of mafic and granitic rocks and include im- 
portant masses of ultramafic formations (dunites with 
chromite, lherzolites, harzburgites, pyroxenites). 

Thus, all these magmatic complexes exhibit the juxta- 
position of distinct associations. The abundance of granites 
does not seem compatible with an oceanic setting for these 
rocks. The presence of formations wtih calc-alkaline affinity 
(sheeted complex of the Eastern unit) is classically con- 
sidered to be characteristic of island arcs and active con- 
tinental margins’. Two kinds of magmatic rocks can be 
compared to the tholeiitic series with low KO content of 
the Guevgueli complex : low KO island-arc tholeiites and 
abyssal tholeiites. The similarity between these formations 
has caused many discussions on the origin of some ophiolitic 
complexes. It seems that the TiO: content can resolve this 
problem. The low K:O tholeiites of island-arcs usually have 
slightly lower TiO: contents than common abyssal tholeiites, 
but there are many important exceptions’. On the other 
hand, a marked positive correlation can be observed between 


close relation in space and time between abyssal tholeiites, 
island-arc magmatism and granites. Such associations are 
found on the border of inter-arc basins; so, it seems that 
the magmatic rocks of the Guevgueli and Karadagh com- 
plexes were formed during the creation of inter-arc basins 
in the Vardar zone. The ultramafic and mafic formations 
with tholeiitic affinity are relics of the crust and the mantle 
of inter-arc basins; the calc-alkaline and granitic rocks are 
the results of the magmatic activity on the borders of these 
opening basins. This interpretation, if true, is important for 
our understanding of the structure” of the Dinarides and the 
Hellenides. 
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Differences in 
osmoregulation between wheat genotypes 





SEVERAL recent experiments provide evidence to support the 
existence of osmoregulation in plants as a means of counter- 
acting water stresses induced by changes in the soil or evapora- 
tive environment! —?, Viewed in terms of energy potentials, 
decreases in the water potential, ¥, induced by changes in the 
environment, are immediately offset by decreases in the osmotic 
potential, m, through an increase in solute content. The turgor 
potential, P, is thereby maintained since ¥ = n+P+ r (assum- 
ing that the matric potential, t, is small or constant). The 
importance of this response is that expansion growth, which is 
affected directly by the turgor potential, is maintained over a 
range of values of ‘¥*. Despite this obvious significance, little is 
known of the extent of this phenomenon in crop plants in general 
and in particular of differences between genotypes in the same 
or closely related species. Here we present evidence indicating 
substantial differences between several genotypes of wheat; 
in some osmoregulation was marked, whereas in others it was 
virtually non-existent. 

To examine a wide spectrum of the possible variation, the 
following genotypes were selected: Triticum aestivum spp. 
vulgare (AUS 2067), T. aestivum spp. spelta (AUS 3843), T. 
aestivum spp. vulgare (AUS 3850), T. durum (AUS 2816), 
T. dicoccum (AUS 3582) and T. boeticum spp. aegelopoides 
(AUS 90352). After vernalising the plants were grown in pots 
in a glasshouse with temperatures 20-25 °C during the day and 
10-15 °C during the night. Water stresses were produced by 
withholding water at two stages of development: about 14d 
before and 14 d after anthesis. Plants were placed in a controlled 
environment chamber adjusted to give a flux density of total 
short wave radiation of 140 W m~? at the average plane of the 
flag leaves and temperatures of 23 °C during the light period 


Fig. 1 Relationship of leaf water potential to osmotic potential. 

The broken line is the line of equality. A, T. durum (AUS 2816): 

O, T. aestivum spp. vulgare Os @, T. boeticum (AUS 
90352), 


Total potential (MPa) 


Osmotic potential (MPa) 
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(duration 14h) and 15°C during the dark period. Total 
potential ‘Y was measured on samples of the flag leaves using 
thermocouple psychrometers and z was measured in the same 
way after the samples had been frozen in liquid nitrogen‘. 
Relative water contents were measured using the technique 
of Slatyer and Barrs5, 

When ¥ falls in response to a reduction in soil water supply, 
it is usual for x to fall at a slower rate, such that there is a linear 
decline in the turgor potential until ¥ = x. This pattern has 
been observed for a range of different plant species, including 
wheat®—®. The response of the genotypes T., aestivum spp. 
vulgare (AUS 2067), T. durum (AUS 2816), T. boeticum spp. 
aegelopoides (AUS 90352) fit this pattern (Fig. 1). The osmotic 
potential fell from a value of about —1.5 MPa at full turgor 
to a value of about —2.5 MPa at zero turgor. This was very 
similar to the pattern observed in a previous experiment’, 
When osmoregulation occurs we expect m= to decrease with 
Y so as to maintain P. This was in fact observed for the geno- 
types T. aestivum spp. vulgare (AUS 3850), T. dicoccum (AUS 
3582), and T. aestivum spp. spelta (AUS 3843) (Fig. 2). Here, 
over the range of ¥ for which the leaf had pasitive turgor, 7 
declined, from an initial value of about —1.5 MPa, at approxi- 
mately the same rate as ¥, thus maintaining P. At the end of this 
period of adjustment, when had reached about —1.5 MPa 
and z about —3.0 to —3.5 MPa, x equilibrated rapidly with ¥. 
This phenomenon was observed at both stages of development. 


Total potential (MPa) 
-5 -4 4 ~2 = i 





Osmotic potential (MPa) 


/ -5 


Fig. 2 Relationship of leaf water potential to osmotic potential. 

The broken line is the line of equality. A, T. aestivum spp. 

vulgare (AUS 3850); O, T. dicoccum (AUS 3582); @, T. aestivum 
spp. spelta (AUS 3843). 


If the solute content of the leaves did not vary with the 
relative water content, ¢, then 7 should be altered by gains or 
losses of water according to the equation? 


T = (T: €)/C (1) 


or if bound water is present, (n+ 1) = (m,+7,) {(—B)(C—B)} 
where B is the amount of ¢ that is bound, and the subscript t 
indicates the value at full turgor. If the response is described 
by equation (1), then the relationship between log n and log Č 
will-be linear. This was in fact so for the genotypes showing no 
evidence of osmoregulation, an example being T. durum (Fig. 
3a). A value of x, of —1.3 mPa was found by fitting a regression 
line to the data and then using this value in equation (1). The 
line predicted by this equation was reasonably close to the fitted 
line (Fig. 3a). 

For genotypes showing evidence of osmoregulation, the 
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Fig. 3 Changes in the relative water conent with osmotic 

potential for a, T. durum (AUS 2816) and b, T. aestivum (AUS 

3850). The broken line is the line of best fit, the intact line that 

predicted by equation (1) and the dotted line an interpretation 
of Fig. 35. 


relationship seemed to consist of two distinct linear phases, as 
shown for T'. aestivum (AUS 3850) in Fig. 3b. In the first, which 
covered the range of x from —1.5 to —3.0 MPa, there was 
virtually no change in C. Since changes in n balanced changes in 
YW over this range (Fig. 2), the relative water content was con- 
served for changes in as well. At the end of this phase, there 
was a linear decline in 7 similar to that observed for plants 
of the type shown in Fig. 3a. 

This pattern, being bi-modal, cannot be described by equa- 
tion (1). Also, it is difficult to explain in terms of so called bound 
water, since the level would have to be about 0.9 in order to 
explain the first phase, with a rapid change to almost zero in 
order to explain the second. This would presumably require a 
sudden decrease in the amount of colloidal material in the leaf 
tissue. A’ more plausible explanation may be found if we 
assume that the solute content changes with decreases in ‘¥ up 
to the end of the first phase, that is, that osmoregulation occurs. 
At the end of this phase it seems that this process ceases and 
that = then declines with change in ‘¥ due to loss of water 
from the tissue and subsequent increase in the solute concen- 
tration, that is, according to equation (1). It is not clear from 
these results what limits solute accumulation, or why it should 
be present in some genotypes and not others. Indeed, there 
seems little point in speculating on these issues until more 
information has been obtained. It is, however, clear that the 
two types of response can occur in wheat, and that when 
osmoregulation occurs the turgor potential can be maintained 
over a substantial range of Y—up to —1.5 MPa. More im- 
portantly, these results suggest that large genotypic variations 
in osmoregulation may exist, and that it may therefore be 
possible to improve the drought hardiness of commercial wheat 
varieties by breeding for this characteristic. 

I thank Mr I. Large for technical assistance and the Wheat 
Industry Research Council of Australia for financial support. 
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Changes in release rates of cyanide in 
relation to palatability of Sorghum to insects 


SORGHUM leaves contain the cyanoglycoside dhurrin located in 
the cell vacuole!, and when the tissue is crushed, hydrolysis of 
dhurrin by an enzyme system probably present in the cytoplasm’ 
results in the release of HCN. Cyanogenesis 1s probably a 
mechanism to protect plants from being eaten by herbivores?’’. 
It is generally assumed that this protection is conferred by the 
toxic effects of cyanide but the mechanism has not been fully 
investigated and the cyanoglycosides themselves or the other 
end products of hydrolysis may deter feeding. The degree of 
liberation of HCN in leaves is dependent on the age and variety 
of plant, as well as on certain environmental factors*~’. Leaves 
of young Sorghum are often rejected at the first bite by the 
graminivorous locust, Locusta migratoria’ but older Sorghum 
is eaten in large quantity. We show here that change in palata- 
bility is related to the rate at which HCN is released from the 
leaf at the time of biting. 

Crystals of dhurrin (p-hydroxymandelonitrile-B-p -glucoside) 
(melting point 164°-168 °C), which liberated HCN when 
emulsin was added, were extracted® from 8-d-old Sorghum 
bicolor (variety 65D, from Botswana) grown in controlled 
conditions (18 h light, 25°C day, 20°C night). When 
dhurrin was tested for palatability by Locusta nymphs, by 
absorbing it on to sucrose-impregnated glass fibre papers which 
Locusta normally eat, it had no effect on feeding. The hydrolysis 
of dhurrin is stoichiometric?! yielding, in addition to HCN, p- 
hydroxybenzaldehyde: this also had no effect on feeding. 
During the hydrolysis of dhurrin in freeze-dried Sorghum 
leaves, p-hydroxybenzaldehyde at first built up and then began 
to disappear from the test solution (compare ref. 10): the 
absorption maximum (in alkaline solution) shifted from 330 nm 
(p-hydroxybenzaldehyde) to 285 nm as the reaction proceeded 
probably because of accumulation of chelidonic acid**. Attempts 
to determine any antifeedant activity have proved inconclusive. 

The release of HCN from crushed leaves was measured 
quantitatively by monitoring production of p-hydroxybenzalde- 
hyde (Fig. 1). The amount released was very high in young 
plants and declined with age. On very young Sorghum insects 


Fig. 1 Formation of p-hydroxybenzaldehyde from dhurrin 
present in Sorghum at different stages of development. Fresh 
tissue (0.5 g) of Sorghum 65D aged 8 d, 11.5 cm (@), 15 d, 16cm 
(O), 30 d, 24 cm (A) and 53 d, 40 cm (A) was crushed in dis- 
tilled water (50 ml) and the mixture was aerated. Samples (5 ml) 
were withdrawn after 5 min and at 15-min intervals for 2 h, the 
reaction was stopped by the addition of acid and p-hydroxy- 
benzaldehyde was extracted into ether, then into sodium bicar- 
bonate and re-extracted into ether after acidification. The extracts 
were concentrated to dryness, the residue was redissolved in 
methanol and the absorbance at 285 mm due to p-hydroxy- 
benzaldehyde was recorded. 
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Fig. 2 Release of HCN from Sorghum at different stages of 
development in relation to feeding by Locusta migratoria migra- 
forioides. Initial rates of release of HCN from Sorghum (@), as 
would occur on biting, could be calculated from data in Fig. 1 
because the hydrolysis of dhurrin yields 1 mol of HCN and 1 mol 
of p-hydroxybenzaldehyde. Percentage inhibition of feeding (O) 
was found by comparing meal sizes of 5th instar nymphs on 
Sorghum of different ages, with meal sizes on mature, palatable 
leaves of Poa annua used as a control. (Standard deviations are 
indicated by vertical lines.) 


reject the plant quickly; if HCN is the important deterrent it 
will be the amount released immediately on biting that is 
relevant rather than the capacity of the plant to produce HCN 
over a long period. The initial rate of HCN release was cal- 
culated for each plant age, and its relationship to the amount 
eaten in one meal is shown in Fig. 2. l i 

The possibility of a rapid response to HCN was confirmed 
by introducing hydrocyanic acid into the mouth region of 
Locusta, by means of a previously fitted cannula, when the 
insect was feeding on a palatable grass. Concentrations as low 
- as 0.01 mM were sufficient to inhibit feeding (Table, 1). The 

amount of HCN initially released from young Sorghum (8-d- 
old) was calculated to be equivalent in concentration to a 
solution of between 0.5 mM and 1.0 mM hydrocyanic acid and 
thus would be effective as a deterrent. 

Cyanoglycosides have been shown to have no effect on 
feeding by insects, nor to stimulate feeding at concentrations 
which occur naturally!*. On the other hand, the release of HCN 
has been shown to protect bracken (Pteridium aquilinum) 
and cassava (Manihot esculenta)“ from insect attack. We have 
shown that Sorghum plants are best protected from insect 
attack when very young, and this protection is conferred by the 
HCN release on biting rather than by the cyanoglycoside itself 
or other products of its hydrolysis. Our work emphasises also 





Table 1 Tests with hydrocyanic acid solution 





_ Behaviour of 5th instar Locusta nymphs 


Approx. No. of Feeding stops Feeding stops, 

concentration insects No _ butnobackward also backward 
ofHCNsolution tested response movement movement 

10M 5 0 0 5 

0.1 M 5 0 0 5 

0.01 M 10 0 4 6 

1.0 mM 10 1 7 2 

0.1 mM 10 4 6 0 

0.01 mM 10 6 4 0 

Water 10 10 / ” 0 0 

Air. 20 20 0 0 





Differgnt concentrations of hydrocyanic acid were introduced into 
the cibarial cavity of 5th instar nymphs through a chronically im- 
planted cannula. Each insect had been deprived of food overnight 
and was tested during feeding on a palatable blade of grass. All tests 
were done during the first 3-min of feeding. 
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the importance of the initial rate of release of HCN when the 
insect bites. 

We thank the Director and Dr Keith Jones of the Royal 
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New approach to pollen culture 
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RESEARCH on pollen and anther culture is important for genetic - 
and mutation studies, and has many potential applications in 
plant breeding and crop improvement. In our experience, the 
technique of pollen culture developed by Nitsch and co- 
workers™?, though successful with a wide range of species’, ‘is 
much more difficult than anther culture and involves procedures 
which are unreliable and inefficient. Furthermore, plant yields 
are generally lower than when anther culture is used. We 
describe here an alternative approach which retains the 
simplicity and reliability of anther culture while eliminating the 
need for either mechanical disruption’? or surgical manipula- 
tion’ of anthers. 

Our approach exploits the fact that, in many species, anthers 
dehisce soon after inoculation, and if they are floated on 
shallow layers of liquid medium in plastic Petri dishes, pollen 
is ‘shed’ into the medium. This shed pollen will continue to 
grow if the anthers are removed from the dishes. Shedding 
continues throughout the-culture period; hence, by frequent 
transfer of anthers to fresh medium a sequence of pollen 
cultures can be obtained from the same batch of anthers. 

Examples of cultures of pollen shed from anthers, instead of 
mechanically isolated from them, are shown in Fig. 1 for 
Nicotiana tabacum. Illustrated is a series of cultures initiated 
with anthers of increasing age (Fig. 1 a-d) and in which the 
anthers have been transferred into fresh medium at 6, 10 and 
14d; in each case dishes were resealed after transfer of the 
anthers and reincubated together with a fourth dish containing 
the residual anthers (R). In cultures initiated at the unicellular 
pollen stage (microspores) (Fig. 1a), anthers do not open to any 
great extent and little shed pollen develops over the first 14 d. 
With increase in anther age, however, the time to anther opening 
decreases whereas embryo yields increase, and shed fractions 
develop at progressively earlier stages of culture (Fig. 1b, c). 
With anthers containing wholly young bicellular pollen grains 
(microgametophytes) (Fig. 1c), shed ‘fractions develop after 
0-6 d. Pollen is shed most rapidly in cultures of still older 
anthers (Fig. 1d) but as is now well known the embryogenic 
potential of older anthers is limited. 

Chilling of buds before excision and culture of the anthers?! 
is another important requirement for early dehiscence of 
tobacco anthers, We find periods of 12 d and longer at 7-8 °C 
optimal for. this species. To minimise water loss during cold 
treatment, we store the buds in polythene bags wrapped in thin 
aluminium foil, a procedure which also maintains a high 
percentage of viable pollen (as assessed by fluorescein diacetate’). 
Illumination of cultures for the whole of the culture period has 
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Fig. 1 Nicotiana tabacum cv. White Burley. Effect of developmental stage on anther dehiscence and liberation of pollen into liquid culture 
medium. a. Unicellular pollen stage (corolla length 13-15 mm). b, First pollen division stage (17-19 mm). ¢, Early bicellular pollen stage 
(21-23 mm). d, Bicellular stage just before deposition of starch (28-30 mm). In all cases, buds were stored at 7-8 "C for 12d before 
excision and inoculation of the anthers. At inoculation, 12 anthers from three buds of similar stage were floated on the surface of 5 ml of 
liquid A medium. They were transferred to fresh A medium after 6, 10 and 14 d. All dishes were sealed with Parafilm and incubated at 
28 °C in darkness for the first 14 d. After 14d, they were transferred to light (Grolux tubes, 12-h day, 500 Ix) at 25 °C. I mbryo counts 
were made under a binocular after 35 d while the embryos were still small and separate from each other, Chromosome counts made on 
10 embryos from each dish in (+) and (c) were all haploid. R, dish containing the residual anthers. A medium, major salts (half strength) 


and Fe-EDTA (full strength) of Murashige and Skoog!” plus sucrose 2%; pH 5.5. 


so far proved detrimental as has shaking them on a horizontal 
shaker at 130r.p.m. Our best results have been obtained with 
stationary cultures incubated in darkness for 14d at 28 °C 
before transfer to light at 25 "C. 

The performance of tobacco pollen ‘shed’ from anthers 
initially at the mitotic to early bicellular stages and that of 
pollen mechanically isolated from the anthers ts indicated by 
the data of Table 1. Embryo yields are given for fractions shed 
into a simple nutrient medium (A medium) and fractions of 
isolated pollen mounted in either A medium or A medium 
supplemented with glutamine, serine and myo-inositol (AGSI 


medium) as recommended by Nitsch*. If we consider the data 
for the 8-d chilled material (which show the highest yields), it 
will be seen that the isolated pollen responds to AGSI medium 
(but not A medium) after preculture of the anthers for 3 d or 
longer, thus confirming Nitsch’s findings. But in none of the 
pollen isolates is the yield as great as in the anther-culture 
controls. Shed fractions start to develop in the 8-d chilled 
material after 7 d of culture and by 9d the yield exgeeds that 
in any of the isolated fractions. The pollen is shed into A 
medium and the fact that it will then grow in the absence of the 
anther tissues implies a conditioning of the medium by the 
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Table 1 Comparison of embryo yields in cultures of anthers, 





isolated pollen and shed pollen of Nicotiana tabacum cv, White Burley 
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No isolation 


Preculture before isolation of pollen (d) anther-culture 
| controls 
Pollen Time of | 3 5 7 9 35 
fraction chill (d) I H I H I wv I if I of I Il 
Isolated 0 0 0 0 0 0 0 0 3 1 5 22 35 
4 0 0 0 3 0 9. 0 0 0 30 37 68 
8 0 0 0 7i 0 35 2 34 2 63 120 116 
Shed 0 0 0 0 0 I 
4 0 0 0 0 8 
8 0 0 0 34 90 


Mean embryo yields per anther from two experiments, I, Pollen cultured in A medium (see Fig. 1). H, Pollen cultured in AGSI medium 


(A medium plus L-glutamine 800 mg™*, L-serine 100 mg~! and 


harvested at the mitotic to early bicellular pollen stage (corolla length 17-23 mm). One group was dissected without cold treatment, the other 
two groups were stored at 7-8 °C for 4 and 8d respectively before dissection. After dissection the five anthers from each bud were distributed 
singly into 5-cm Petri dishes containing 5 ml of liquid A medium, to give five replicates each of 25 anthers. One anther was then removed from 
each dish and floated on 5 ml of A medium, and a second anther from each dish was floated on AGSI medium (anther-culture controls). At 


es were sealed with Parafilm and incubated at 28 °C in darkness for 


the first 14 d, thereafter at 25 °C in Grolux light (12-h day, 500 Ix). Embryos counted after 35 d. All buds were harvested within 2 weeks from 
the same batch of glasshouse plants grown through November to January under supplementary illumination. 


anther tissues. Tapetum has long been thought to have a 
nutritive function and it is thus possible that conditioning of 
the medium stems from materials released from degenerating 
tapetal cells. Conditioning is a continuous process, and it is 
evident from the serial cultures of Fig. 1 that contact between 
anthers and medium for as little as 4 d is sufficient to support 
growth of large numbers of embryos. Evidence of medium- 
conditioning by anther tissues has also come from work on 
pollen isolated by surgical manipulation of anthers‘. 

In its simplicity the new approach to pollen culture has 
decided advantages for both applied and fundamental research. 
For mutation studies, we see no intrinsic objection to the use 
of fractions shed after between 0 and 6d instead of fractions 
mechanically isolated from anthers at, say, 3-4d. Besides 
eliminating possible deleterious effects of the homogenised 
anther tissues, the new procedure leaves the tissues intact, 
making them available for further experimentation and analysis. 
The new procedure is particularly attractive to large-scale 
manipulation of species possessing minute anthers, as in some 
of the cereals, and we have already found that, in barley, pollen 
calluses emerging from floating anthers are shed into the 
medium. Encouraging results have also been obtained in other 
Solanaceous species. Scrupulous attention must be given to 
anther-staging. For instance, in N, knightiana, anthers in the 
immediate post-first-division stage of the pollen are crucial, 
whereas in Hyoscyamus niger, the immediate pre-division stage 
scems to be the most productive. The success of the new 
procedure is undoubtedly due to the use of liquid, instead of 
agar, media. Advantages of liquid media, first reported for 
N. tabacum by M. Devreux (at the 1974 Haploid Conference 
held in Guelph), are now being realised by other workers and 
exploited in different species®~, 
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SSS e 
Reproductive roles in the simultaneous 
hermaphrodite Aplysia dactylomela 


THE opisthobranch gastropod Aplysia is a simultaneous 
hermaphrodite with internal fertilisation. The functional 
morphology of the reproductive system'—* has been well 
studied and oviposition is known to be under some hormonal 
control’~’, Adults may assume the role of sperm donor or 
recipient, or both at the same time. Recent discussions of the 
evolutionary significance of simultaneous hermaphroditism?! -1 
as well as considerations of the relative roles of sperm donors 
and recipients in selecting partners*16, have suggested that 
Aplysia offers an opportunity to investigate the. processes 
involved in the assumption of different sex roles in the same 
animal. Accordingly we analysed data collected several years ago 
during other field studies of Aplysia dactylomela.. We 
found that most animals were as likely to be sperm donors as 
recipients during different copulations, and there was a 
significant relationship between frequency of copulation and 
number of different partners in the total population studied. 
A few individuals, however, were found to copulate with fewer 
partners than sperm recipients. 

We used A. dactylomela maintained in the Lerner Marine 
Laboratory, Bimini, Bahamas. Animals were collected during 
the day from the thalassia flats of the Bimini lagoon and placed 
in 1,000-1 concrete tanks supplied with water from the ocean. 
The behaviour of groups of 5-10 animals was observed every 
30 min between 0530 and 1130 and between 1200 and 2300 for 
3 weeks; each group was observed 3-22 times. Individuals were 
identified by a colour-coded stainless steel safety pin inserted 
through the parapodium. Time of day had been shown to 
influence the probability that the animals would be found alone 
or copulating in their natural habitat!*; we found that the same 
was true of animals maintained in laboratory conditions. 
Copulations occurred significantly more often in the morning 
(P <0.05, x? test!*). We also confirmed that time of day did not 
significantly relate to the number of times animals were found 
alone, or in contact. 

As Fig. 1 shows, most individuals were observed copulating 
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between three and seven times. To facilitate statistical analysis 
of the roles assumed in coptlation, we selected animals which 
copulated five times or more. This enabled us to use the bino- 
mial test with an associated probability of 0.06 or less'®. By this 
criterion, we had 26 individuals which copulated five or more 
times. Of these, 17 did not copulate consistently in one or the 
other role, four were sperm recipients more often than donors, 
and five were sperm donors more often than recipients. 

Thus our sample behaved as might be expected of simul- 
taneous hermaphrodites in that the probability of finding 
individuals which consistently assumed one or another sexual 
role was relatively low. But we wanted to know whether the nine 
consistent animals represented a true behavioural subsample. 
It seemed that the three behavioural ‘types’ might be distributed 
differentially with respect to frequency of copulation. 

As Fig. 2 shows, the number of times an individual copulated 
was positively correlated with the number of different partners 
(r, = 0.86, P<0.01). Animals which consistently assumed the 
same sex role were in a different part of the distribution from 
the others. The group medians for number of different partners 
(3.5) and number of observed copulations (5.5) segregated 
seven of these nine animals in the upper right quadrant of the 
graph. Thus all the consistent sperm recipients and three of the 
five consistent sperm donors copulated frequently and with many 
different partners. Further comparisons suggested that sperm 
recipients copulate with more partners than do sperm donors 
(Mann-Whitney U test, U = 3, P = 0.056). 

This latter finding implies some degree of interindividual 
organisation that may be significant for adaptations of the 
species. We cannot eliminate the possibility that the differences 
in donor or recipient roles are due to sampling error; although 
individuals were collected at the same time, they may have been 
at different developmental stages or in different reproductive 
states. But if some part of any population behaves consistently 
as donors or recipients for a significant time, selection could 
act on them when pressures favour or disfavour behaviourally 
dimorphic individuals in reproduction. 

We saw egg-laying animals simultaneously acting as sperm 
recipients but not as sperm donors. Genetic variability might 
therefore be increased in the least ‘expensive’ way if the sperm 
donor spends energy searching for sperm recipients, while the 
recipient spends energy on oviposition. Even though the whole 
population ‘spends’ equally on female and male functions, the 
differential behaviour patterns of a small group of individuals 
may well be significant for selection processes’:**. Thompson 
and Bebbington’ suggested that Aplysia sperm are activated 
only after transfer to the recipient. Further work is needed to 
determine which sperm are more likely to fertilise the eggs— 
the more recently donated sperm, or that from previous 
copulations which has been stored for some time. Competition 
between sperm, such as that described for insects™, may be a 
mechanism in Aplysia by which more successful reproductive 
behaviours are selected. 

Charnov and Bull"! argued that in sessile simultaneous 
hermaphrodites selection favours the ability to alter the ratio 


Fig. 1 Copulation frequencies observed in 37 individual 
Aplysia dactylomela maintained in tanks in the Lerner Marine 
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Fig. 2 Relationship between frequency of observed copulation 
and number of partners in A. dactylomela. 2, sperm recipient, 
g, sperm donor; @, one animal. 


of sperm to ova in response to changing environmental con- 
ditions. It is possible that in the highly mobile Aplysia, the 
quantity and function of stored sperm may be regulated by the 
organisation of copulatory interactions. 
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LSS SS a a, 
Gametogenesis in culture 

by gametocytes of Plasmodium falciparum 





CONTINUOUS culture of human malaria parasites, Plas- 
modium falciparum, in human red blood cells was first 
reported by Trager and Jensen’ and subsequently by Haynes 
and co-workers’. The culture system described by Trager 
and Jensen supports the asexual multiplication of P. falci- 
parum and the formation of gametocytes (the precursors of 
the gametes). Gamete formation by cultured P. falciparum, 
without which the parasites are unable to infect mosquitoes, 
has not been previously described. We report here that 
gametocytes of P. falciparum grown from parasites main- 
tained by continuous culture in vitro are able to develop to 
the point at which they can be stimulated to undergo game- 
togenesis (exflagellation). 

The isolate of P. falciparum used in this study was 
adapted to culture on 4 January 1977 from the blood of an 
individual who had become infected during a visit to 
Zaire from September to December 1976. This isolate, 
designated the Z strain, was obtained with the kind coopera- 
tion of Dr David Wyler. The parasites were adapted to 
growth in red cells of blood type A. Infected cells were 
suspended in culture medium at a haematocrit of 6%, 
placed in 30 ml tissue culture flasks (Corning no. 25100) 
with a 25cm’ culture surface area and incubated at 37 °C. 
Each flask contained 5.0 ml of cell culture. The medium 
used in routine culture was that described by Trager and 
Jensen’ and consisted of RPMI 1640 powdered medium 
supplemented with HEPES buffer (25mM) and 0.2% 
NaHCO; with 10% human serum type AB. Each day the 
culture medium was removed from the surface of the 
settled cells and replaced with fresh medium. Flasks were 
gassed with a mixture containing 6% O», 3% CO: and 
91% Ne. During routine maintenance the parasite cultures 
were diluted with fresh red cells every 4-8 d. Parasite den- 
sities usually rose to between 1% and 2% of blood cells 
infected. l 

Smalley’ has reported that gametocytes in non-growing 


a 





Fig. 1 Gametocytes and game- 
togenesis of P. falciparum in 
culture. a, Morphologically å 
mature macrogametocyte; b, Ea 
morphologically mature micro- 

gametocyte; c, macrogamete 25 

min after initiation of gameto- d 
genesis; d, e, f, exflagellating 
microgametocytes showing the 
release of microgametes 25 min 
after initiating gametogenesis. 
All preparations were methanol 
fixed and stained with Giesma’s 

stain. 
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cultures of P. falciparum require 10d to develop from a 
merozoite to a stage approaching morphological maturity. 
In the present study certain cultures were maintained for 
2-3 weeks without dilution to allow gametocytes to reach 
full maturity. In cultures maintained in this way immature 
gametocytes were usually present after 1 week. By 2 
weeks numerous gametocytes were usually present including 
many with the morphological appearance of maturity 
(Fig. 1). 

In one culture vessel, set up on 25 February 1977 when 
the parasites had been maintained in continuous culture for 
almost 7 weeks, the regular medium was replaced 15 d later 
with one containing 50% serum instead of the usual 10%. 
The culture was maintained in this medium thereafter. 
Eight days after substituting with the new medium the 
gametocytes density was 0.6%. At this stage almost 50% 
of the gametocytes were apparently mature by morpho- 
logical criteria on blood smears stained with Giesma’s stain. 
Mature gametocytes of both sexes were crescent shaped 
cells with rounded ends and pigment granules concentrated 
near or over the nucleus near the centre of the crescent 
(Fig. 1). Male and female gametocytes were distinguished 
from one another by their staining properties. The cyto- 
plasm of female gametocytes stained blue while that of 
males stained orange-pink and was not easily distinguished 
from the nucleus. About 35% of all gametocytes were 
morphologically mature females and about 10% were 
morphologically mature males. The remaining gametocytes 
were in various stages of development. 

Gametocytes from this culture were stimulated to undergo 
gametogenesis by the following method. On the eighth 
day after substituting with medium containing 50% serum 
the cells were evenly resuspended in their own culture 
medium and 0.3 ml of the suspension dispensed in a serum 
tube into 3.0 ml of foetal bovine serum (FBS) adjusted to 
pH 8 with 1.5%NaHCOs. The cells were sedimented by 
centrifugation for 30s; most of the supernatant was 


removed and the packed cells were resuspended in a mini- 
mum volume of the remaining supernatant fluid. One drop 
of this cell suspension was placed on a microscope slide, a 
cover slip placed on top and the preparation examined 
ae 
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under a microscope. Between 5 and 10 min after the cells 
had been resuspended in FBS extensive rounding of game- 
tocytes was observed. At 15min the first exflagellation 
was seen (Fig. 1). During subsequent observation, up to 45 
min, about one exflagellating male gametocyte was observed 
per 10,000 red blood cells. This represents about one ex- 
flagellating male gametocyte for every five male game- 
tocytes judged to be mature by morphological criteria. Over 
50% of female gametocytes judged morphologically mature 
were found to have rounded up to form female game- 
tocytes when examined on blood smears stained with 
Giesma’s stain. 

When gametocytes were examined on a slide in culture 
medium without washing in FBS at pH 8.2, no evidence of 
gametogenesis was seen during 45 min of observation under 
the microscope. 

Two days later the experiment was repeated on the 
same culture using human serum adjusted to pH 8.2 instead 
of FBS as the exflagellating medium. Gametogenesis (ex- 
flagellation) was again successfully initiated. The same 
method for stimulating exflagellation was applied to three 
other cultures. These were only 2 weeks old and had been 
maintained throughout in medium containing 10% human 
serum. In two of these cultures exflagellation was success- 
fully initiated although the frequency of exflagellation 
events was less than that observed in the 3-week-old culture. 

It is clear from these results that gametocytes produced 
by the Trager~Jensen system of malaria cultures can 
develop to a point at which they are capable of undergoing 
gametogenesis. At this stage our observations are not 
adequate to define the precise conditions required to 
achieve this reproducibly. Prolonged maintenance of cultures 
for at least 2 weeks is probably important to allow game- 
tocytes to reach full maturity. Transfer to a medium con- 
taining high serum may also be important in this respect. It 
is well known that certain malaria parasites (for example, 
rodent malarias) lose their ability to form gametocytes after 
prolonged blood passage in laboratory hosts without 
mosquito transmission. An analogous situation may apply to 
P. falciparum maintained for prolonged periods in culture. 
If this is true it may be significant that we achieved our 
results with a line of parasites recently isolated from a 
natural infection. 

Account should also be taken of the fact that the 
demonstration of exflagellation in vitro depends on the use 
of appropriate methods for stimulating gametogenesis. In 
studies with other species of malaria parasites it has been 
found that bicarbonate-containing media at pH 8.0, most 
effectively animal sera, are excellent for this purpose‘. At 
pH values below 7.7 and in media from which bicarbonate is 
absent exflagellation usually does not take place. In the 
conditions used to culture P. falciparum the Trager-—Jensen 
culture medium is maintained at a pH of 7.3 to 7.4. The 
presence of a powerful buffer (25 mM HEPES) in this 
medium may prevent the pH from rising sufficiently rapidly 
to initiate gametogenesis during equilibration with the 
atmosphere. Thus after exposing a drop of the cell sus- 
pension to the atmosphere, the method commonly used to 
initiate exflagellation, we were unable to observe gameto- 
genesis by gametocytes in their original culture medium. By 
washing and resuspending cultured gametocytes in bicarbon- 
ate supplemented sera at pH 8.0, exflagellation was readily 
demonstrated. 

Our observations demonstrate that cultured blood stages 
of P. falciparum are capable of generating gametocytes able 
to undergo gametogenesis. Although the conditions which 
would enable this to be carried out on a regular basis are 
not completely defined there is good reason to expect that 
cultured blood stages of P. falciparum may be used to 
generate the gametes and mosquito stages of this parasite. 
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‘Strong’ phase response curve for the 
circadian rhythm of locomotor activity 
in a cockroach (Nauphoeta cinerea) 


ANALYSIS of entrainment in circadian systems depends on a 

knowledge of the phase resetting effects of the light (or tempera- 

ture) pulses perturbing the circadian oscillation. Thus when a light 

pulse of a particular intensity and/or duration falls at certain 

phases of the free-running oscillation it may generate phase- 

advances (+A) in subsequent activity; when it falls at other 

phases it may generate phase-delays (— A@). A plot of such phase 

changes, both magnitude and sign, as a function of the phase of the 

oscillation so perturbed, is called a phase response curve (PRC) 

(refs 1, 2). In a systematic study of the resetting effects of light 

pulses on the rhythm of pupal eclosion in Drosophila pseudoob- 

scura, Winfree? demonstrated two topologically different types of 
PRC, depending on the strength of the signal. When light pulses 

were ‘weak’ (< 50s blue light, 10 4.Wcm™*) phase shifts were 

small, When pulses were ‘strong’ (> 50s) phase shifts became 

abruptly larger, up to 10-12 h. Because of the way Winfree’s data 

were graphically presented, weak resetting curves were called type 

1 and strong curves type 0. An abrupt change from type | to type 0 

has been observed only in circadian systems which control 

physiological events such as pupal eclosion (refs 1-3 and D.S. in 

preparation) and oviposition’ in populations of insects. Rhythms 

of locomotor activity in single animals, on the other hand, have 

only shown low amplitude type | curves®:’. Entrainment in 

‘physiological’ rhythms is in most cases mediated by extraoptic 

photoreceptors and a hormonal output®. ‘Behavioural’ rhythms, 

on the other hand, most frequently involve entrainment by way of 
the organised photoreceptors?!}° and an electrical (neural) 

output!°-12, Truman used these differences to distinguish two 

types of biological clock!?. Here, however, we report PRCs which 

switch from type 1 to type 0 in the locomotor activity rhythm ofa 
cockroach Nauphoeta cinerea, which might from earlier literature 
have been expected to show only type 1 resetting. 

Newly-emerged males of N. cinerea were housed singly in small 
Perspex running wheels, in light-tight boxes at 25+0.5 °C. Each 
revolution of the running wheel caused four closures ofa magnetic 
proximity switch, and the activity of the cockroach was thus 
recorded by an Esterline~Angus event recorder. For each insect, 
activity records for successive 24-h periods were pasted down in 
chronological order on poster boards (Fig. 1). Records of 
locomotor activity were then photographed and ‘double-plotted’ 
to enhance any rhythmic features. 

Insects were initially entrained toa light cycle of 12 hoflight and 
i2 h dark (LD 12:12) for 10-14 d. The lights were then turned off 
and the activity rhythms allowed to free-run in continuous 
darkness. Measurements of free-running periods (t) were made by 
eye-fitting a line to the onsets of activity (Fig. 1), the slope of the line 
indicating t. Cockroaches in free-running conditions were then 
perturbed by single 3 h or 12 h light pulses (240 uW cm~’), with 
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Fig. 1 Locomotor activity rhythms of two males of the cockroach Nauphoeta cinerea, a, ‘Free-running’ in continuous darkness (DD) and perturbed 
by single 3-h pulses of white light (240 uW cm~?) at: 1, circadian time (Ct) 14.7 ( —Ag2.5 h); 2, Ct 17.1 (4+ A@0.5 h); 3, Ct 13.3 (—A@3.1 h). b, 
Initially entrained to LD 12:12, then: 1, ‘free-running’ in DD and perturbed by single 12-h pulses of white light (240 uW cm~?) at: 2, Ct 10.2 
(—A@9.8 h); 3, Ct 13.5 (+A@11.8 h); 4, Ct 22.3 (+ A@2.2 h); 5, Ct 15.9 (+A@7.0 h). Activity records are ‘double-plotted’ to enhance rhythmic 
features. Light treatments are shown as open boxes in the left-hand panel. — Ag, delay phase shift (h); + A@, advance phase shift (h). 
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Fig.2 Phase response curves for 3-h (a) and !2-h (4) pulses of white 
light (240 uW cm” +) in the cockroach Nauphoeta cinerea. For 3-h 
pulses the response curve is of the ‘weak’ type | with small phase 
changes (4-5 h). For 12-h pulses the response curve is of the ‘strong’ 
type 0, drawn either as a ‘saw-tooth’ curve showing phase delays and 
phase advances (up to 12 h), or as a monotonic straight line with all 
phase changes plotted as delays (y= — L.06572x + 1.6640; 
r=0,96; P<0,001). 


the resetting pulses being timed to occur at all phases (circadian 
times, Ct) of the insects’ endogenous circadian period. Phase shifts, 
in hours, were measured as displacements in activity onsets before 
and after the pulse. 

The phase response curve for 3-h pulses of white light 
(240 uW cm ~?) (Fig. 2a) was of the low ‘amplitude’ type | with 
phase delays early in the ‘subjective night’ (Ct 12-18) and phase 
advances late in the ‘subjective night’ (Ct 18-24). Maximum phase 
changes were in the order of 4-5 h. Phase advances were distin- 
guished from phase delays, not only by their final steady state in 
relation to the activity onset before the pulse, but also on the 
criterion of reaching that steady state through a series of non- 
steady-state or transient cycles, which are evident for advances but 
not delays’. For 12-h pulses phase changes were much larger, the 
resultant response curve (Fig. 2b) either being represented by a 
high amplitude saw-tooth with a 360° ‘dataless’ change of phase 
between delays and advances at about Ct 13 or, more realistically 
perhaps, by its linear or monotonic form, treating all phase 
changes as delays. In this connection all phase changes except one 
(that starting at Ct 2.9) were devoid of transients. 

Earlier results with cockroaches (Leucophaea maderae) showed 
only small phase shifts even with light pulses of 2,000 Ix (about 
800 uW cm?) and 12 hduration'*. But other results for the same 
species'® have demonstrated strong type O resetting with very 
‘intense light (80,000 Ix, about 32,000 uW cm~?) and about 12h 
duration. The intensity of the light required to elicit a strong phase 
response curve in L. maderae is therefore about two orders of 
magnitude greater than in N. cinerea. Both of these studies, 
however, show that type 0 response curves can be obtained for 
‘behavioural rhythms’ (presumably using compound eyes as 
photoreceptors, and having a neural output), provided that the 
energy of the perturbing signal is sufficiently high. 

D. S. SAUNDERS 
E. J. THOMSON 
Department of Zoology, 
University of Edinburgh, UK 


Received 8 March: accepted 16 August 1977. 


l. pied C, S. in Cireadian Clocks (ed. Aschoff, 3.) 277-297 (North-Holland, Amsterdam 
1965}, 

2 Aschoff. J. in Circadian Clocks (ed. Aschoff. 3.) 95-111 (North-Holland, Amsterdam. 1963). 

3 Winfree. A. T.J. theoret. Bind. 2B, 327-374 (1970). 

4. Saunders. D. 5. 4. comp. Physiol. 110, 111-133 {1976} 

5, eee D. H. in Circadian Clocks (ed. Aschoff, J.) 333-343 (North-Holland, Amsterdam, 

sh 

é, De Coursey. P. 3. Cold Spring Harb. Symp. quant. Biol. 28, 49-55 (1960). 

7. Pittendrigh, C. 5. & Duan, S. J. comp. Physiol. 106, 223-355 (1976). 

& Truman, J. W. & Riddiford, L. M. Science 167, 1624-1626 (1970). 

9. Loher, W. J. comp. Physiol. 79, 173-190 (1972). 

10. Nishiitsutsuji-Lwo, J. & Pittendrigh, C. $. Z. vergi. Physiol. SB, 1-46 (1968). 


243 


i}. Roberts, S. K., de F. J. comp. Physiol, 88, 21-30 (1974). 

12. Brady, J. in Biochronometry (ed. Menaker, M.) 517-526 (National Academy af Sciences, 
Washington DC, 1973). 

13, oo 1 W. in Circadian Rhythmicity, Proc, int. Symp. Cire. Rhyttomicity 111-43 (Pudoe, 
1971}. 

14, Roberts, S. K. de E. L cell Comp, Physiol. 89, 175-186 (1962). 

S. Wiedenmann, G., Z. Z. Naturforschung (in the press). 





Neuronal generation of singing in a cicada 


CicaDA song may be regarded as a simple rhythmical 
behaviour because it is highly stereotyped and involves 
regular spikes in a single pair of motoneurones. It was the 
subject of an early study of intracellular activity in central 
neurones’, Here I show that the neuronal generator for 
song of the Australian bladder cicada, Cystosoma saundersii 
(Westw.) is continually active at twice the frequency 
of motoneurone spikes and, in common with other 
rhythmical behaviours in arthropods’™*, involves non-spiking 
interneurones. 

The song of a cicada is composed of a regular series 
of sound pulses, each pulse being produced by a snap-like 
collapse of a stiff ribbed structure, a tymbal**. There 
is a tymbal on each side of the anterior of the abdomen. 
Collapse of a tymbal is caused by a twitch contraction 
of its tymbal muscle, and the inherent elasticity of the tym- 
bal restores its original shape. Each tymbal muscle is in- 


Fig. 1 a, Structure of a tymbal motoneurone, viewed dorsally. 
The abdominal and metathoracic ganglia of C. saundersit are 
fused, and their outline is drawn. The motoneurone was stained 
by back-filling with dilute (2%) CoCl,. Somata of four inter- 
neurones, which -were consistently stained by this method— 
probably trans-synaptically’—are also shown. Most of the 
processes of the motoneurone, as well as its soma, lie near the 
dorsal surface of the ganglion. b, Calling song of C. saundersti-— 
sound produced, and simultaneous myogram recorded by a pair 
of silver electrodes implanted in the left tymbal muscle. 
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nervated by a single motoneurone, one spike in which 
is sufficient, in C. saundersii, to elicit a twitch con- 
traction of the muscle (C. saundersii has neurongenic 
tymbal muscles; some species have myogenic tymbal 
muscles*”*). Figure la shows the geometry of a tymbal 
motoneurone. The pattern of spikes in tymbal moto- 
neurones during the ‘calling’ song of C. saundersii 
is shown in Fig. ib; it is a rather unusual rhythmical 
activity in that there is a delay of one quarter of a cycle 
between the spike in one tymbal motoneurone and the 
spike in its contralateral partner. Either the left or the 
right tymbal motoneurone may lead and, following short 
pauses when one or both motoneurones stop spiking, the 
motoneurones often swap the lead. ‘Protest’ songs, which 
a cicada produces when disturbed or when electrical 
shocks are applied to its brain, are similar although 
usually of lower spike frequency. 

Intracellular recordings from tymbal motoneurones 
reveal regular, smooth waves in membrane potential 
(Fig. 2a, b). These waves occur continually, whether or 
not the cicada is singing. Waves in the left and right 
motoneurones have the same frequency, which suggests 
that they originate within a shared oscillator mechanism, 
but are half a cycle out of phase (Fig. 2a). In recordings 
from different animals at varying times of day the 
frequency of the waves ranges from 55 to 80 Hz, although 
in any particular recording session (up to 2h) waves 
have a constant frequency, with only 1 in 200 waves 
being slightly longer or shorter than usual. 

Two sets of observations show that the waves originate 
in interneurones rather than in the motoneurones them- 


Fig. 2 Intracellular recordings from tymbal motoneurones in a 
non-singing cicada. Recordings were made with strong glass 
electrodes filled with 2 M potassium acetate and with resistances 
50-80 MQ. The electrodes were driven through the intact sheath. 
In a, recordings are from somata; in other traces they are from 
unidentified processes. a, Waves recorded simultaneously from 
left (upper trace) and right (lower trace) tymbal motoneurones. 
6, Variation in wave amplitude immediately following a period 
of vigorous singing. c, Effects of passing current into a tymbal] 
motoneurone. Current was passed through the recording 
electrode by means ofa bridge circuit. c, Upper record, depolaris- 
ing current elicits spikes on top of some waves. The spikes 
reached the tymbal muscle. Lower record, hyperpolarising current 
alters the shape but not the frequency of the waves. d, Anti- 
dromic spikes which follow, by 9 ms, shocks applied to the tymbal 
muscle, do not effect the timing or the amplitude of the next 
wave. Arrow denotes antidromic spike. Calibrations—-a, 4 mV, 
40 ms; b, 4 mV, 200 ms; c, 40 mV, 40 ms; d, 20 mV, 20 ms. 
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Fig. 3 Recordings of phase-locked potentials in tymbal moto- 
neurones and presumed interneurones of non-singing cicadas. 
a, Intracellular recordings from a tymbal motoneurone (upper 
trace) and from a non-spiking interneurone (lower trace. b, Intra- 
cellular recordings from a tymbal motoneurone (lower) and a 
non-spiking interneurone (upper). Wave frequency, 65 Hz. 
e, Hyperpolarising {—10 nA) the interneurone of b alters its 
waveform and reduces the frequency of waves in it and in the 
motoneurone to 64.5 Hz. d, An interneurone (upper trace) 
which spiked once during each wave in a tymbal motoneurone 
(lower). The neurone is presumed to be an interneurone because 
no spikes in the motor nerves could be correlated with the 
frequency of waves in the tymbal motoneurones. e, An inter- 
neurone (lower) which spiked twice during each wave in a 
tymbal motoneurone (upper). Calibrations—a, motoneurone 
10 mV, interneurone I mV, 40ms; b, c, interneurone 2 mV, 
motoneurone 10 mV, 40 ms; d, Interneurone 2 mV (a.c., extra- 
cellular), motoneurone 20 mV, 20 ms; e, motoneurone 5 mV, 
interneurone | mV, 20 ms. 


selves. First, depolorising or hyperpolarising a motoneurone 
does not alter the frequency of the waves, but can affect 
their shape (Fig. 2c). Second, an antidromic spike in a 
tymbal motoneurone does not affect the timing or the 
amplitude of subsequent waves (Fig. 2d). The moto- 
neurones do not seem to be directly coupled by an electrical 
or a chemical synapse because an antidromic or ortho- 
dromic spike in one tymbal motoneurone produces no 
recognisable effect on its partner. Each motoneurone 
receives inputs from different interneurones because there 
is no significant correlation between the amplitude of 
a wave in one motoneurone and the amplitude of 
the next wave in its partner. In the recording from which 
Fig. 2a is taken, for example, the correlation coefficient 
for amplitudes of sequential waves in the left and right 


tymbal motoneurones, calculated by a method of least 


squares, is 0.275, which is not significant. 

Two observations strongly suggest that non-spiking 
interneurones drive the waves in the motoneurones. First, 
the waves are very smooth—discrete post-synaptic poten- 
tials have never been seen in them. Second, intracellular 
recordings have been made from a number of non-spiking 
interneurones with activity phase-locked to the waves in 
the motoneurones (Fig. 3a, b). The evidence that these 
neurones were non-spiking interneurones is that neither 
direct, strong depolarisation nor stimulation of motor 
axons elicited spikes in them. It is likely that these 
interneurones are involved in singing because the frequency 
of the waves in the tymbal motoneurones, which is twice 
that of spikes during song, is not related to that of any 
other rhythmical behaviour, such as ventilation, flight 
or walking. Unfortunately, passing current into an inter- 
neurone rarely affected the frequency of the waves, either 
in the interneurone or in a motoneurone. One exception 
is shown in Fig. 3b, c, where hyperpolarising the inter- 
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neurone caused a small but reversible decrease (65-64.5 Hz) 
in the frequency of waves in both the interneurone and 
the motoneurone and a change in the waveform in the 
interneurone. Possibly several interneurones are involved 
in generating the song rhythm and communicating it 
to the motoneurones, and passing current into only one 
interneurone has little effect on the rhythm generator. 
In addition to the non-spiking interneurones several inter- 
neurones which produce spikes phase-locked to the waves 
in the motoneurones were found (Fig. 3d, e). 

When a C. saundersii sings each tymbal motoneurone 
produces a spike on every second wave (Fig. 4a). The 
frequency of tymbal motoneurone spikes and of sound 
pulses generated by each tymbal is therefore half that 
of the waves in the tymbal motoneurones, Because the 
waves in the left and right motoneurones are exactly 
out of phase, spikes in them are separated by one quarter 
of a cycle. Often, in ‘protest’ songs, spikes occur less 
regularly than every second potential (Fig. 4b, c)—the 
rule seems to be that spikes never occur on sequential 
waves. 

The reason for this limit to spike frequency is unclear, 
but there are three observations which may indicate 
relevant factors. First, some waves which do not culminate 
in a spike reach more positive potentials than the take-off 
potential for spikes (Fig. 4c). Bearing in mind that 
recordings were probably never made from the spike 
initiation region of a tymbal motoneurone, the simplest 
explanation for this is that interneurones other than those 


Fig. 4 Intracellular recordings from tymbal motoneurones when 
a C. saundersii is induced to sing by stimulating its brain electric- 
ally. a, Vigorous singing-——spikes alternate with small waves. 
One large wave, where the spike fails, reaches a more positive 
potential than the take-off potential for spikes. >, Potentials 
recorded simultaneously from left and right somata. Spikes, 
identifiable by their sharp rising phase and from the muscle 
recordings, are rather infrequent, occurring at most on every 
third wave (left motoneurone). Note that not every large wave 
gives rise to a spike. c, The electrode for this recording had 
penetrated the ganglion near the origin of the auditory nerve 
(see Fig. 1). %, Some waves reach a more positive potential than 
©., the take-off potential for spikes. Calibrations—a, 40 mV, 
40 ms; b, c, 20 mV, 40 ms. 
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involved in producing the waves in a non-singing cicada 
are involved in producing spikes. Second, each of the 
largest waves is often followed by a much smaller one 
(for example, Fig. 2b). This is not due to direct negative 
feedback from a motoneurone because an antidromic 
spike does not affect the amplitude of subsequent waves 
and there is no correlation between the amplitude of one 
wave and the amplitude of the wave following it in the 
same motoneurone (range of serial correlation coefficients 
for 15 recordings: 0.04 to 0.43). Third, bursts of spikes 
in a tymbal motoneurone were never seen and even 
depolarising currents as great as 200nA injected into 
a tymbal motoneurone soma produced only single spikes. 

It may be a general feature of rhythmical behaviours 
that their neuronal rhythm generators are continually 
active. In quiescent locusts the neuronal oscillator for 
flight produces subthreshold depolarisations at flight 
frequency in motoneurones’. To use a mechanical analogy, 
nervous systems may well use ‘clutches for engaging 
gear’ rather than ‘starter motors’ in producing rhythmical 
movements. 
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Site of pcd gene action and Purkinje cell 
mosaicism in cerebella of chimaeric mice 


PURKINJE cell degeneration, ped, is a new autosomal recessive 
mutation in mice. Affected animals are characterised by a 
moderate ataxia that results from the postnatal loss of virtually 
all cerebellar Purkinje cells!. We describe here experiments to 
determine whether the pcd gene acts intrinsically within the 
Purkinje cell or whether the degeneration is secondary to a 
primary lesion in some other cell type. In this study, experi- 
mental chimaeras were made which contained mixtures of 
mutant (pced/pcd) and genotypically normal (+/+) cells (these 
chimaeras are denoted ped/pcd«-> +-/--). The results indicate 
that the pcd gene does act within the Purkinje cell. The chimaeras 
have also been used to examine the surviving population of 
+-/-- Purkinje cells for evidence of clonal development. Sur- 
prisingly, these preliminary studies reveal no evidence of clones; 
the distribution of cells derived from the +/+ component 
seems random, 

The ped/ped~.-> +-/ 4- chimaeras were produced by Tarkowski? 
and Mintz’? techniques of aggregation of eight-cell embryos as 
described previously‘. Since ped/pcd males are sterile, embryos 
were obtained from ped/pcd females that were mated to + /ped 
males so only 50% of the chimaeras were expected to be 
homozygous for ped. Five chimaeras were produced. One female 
chimaera was proven to be homozygous for pcd by progeny 
testing. In addition, two male chimaeras were also homozygous 
for ped as evidenced by their abnormal sperm (a pleiotropic 
effect of the ped mutation’) and loss of cerebellar Purkinje cells. 
All three pcd/pcd <-> +/+ chimaeras appeared behaviourally 
normal. They were not, however, subjected to any gpecial 
behavioural testing. 

In all three chimaeras the cerebella were mosaics, for it was 
obvious in histological sections that many Purkinje cells had 
degenerated. Although the gene was expressed in the chimaeras, 
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that is not evidence that it acts within the Purkinje cells. If the 
pcd locus exerts its primary effect within the Purkinje cell and 
is not cured by the presence of normal cells, then in the 
chimaera the cells that are pcd/pcd will degenerate and the 
surviving cells will be the +/+ cells. Alternatively, if the 
degeneration of Purkinje cells is a secondary effect of the 
ped locus acting in another cell type, then the surviving cells 
would be a mixture of pcd/pcd and +/+ cells. To determine 
the genotypes of the surviving cells, it is necessary to use an 
independent cell marker. 

One of the ped chimaeras was also chimaeric for the structural 
gene for B-glucuronidase. This enzyme has been used previously 
as a cell marker in other tissues®**, In the ped chimaera, the 
pcd/ped cells were homozygous for Gus’, the high enzyme 
activity allele, whereas the -+-/+- cells were homozygous for 
Gus", the low activity allele. This chimaera is denoted pcd/pcd 
Gus®/Gus®<—> +/+ Gus"/Gus". A new, more sensitive histo- 
chemical procedure developed by Feder was used. This pro- 
cedure is limited in its use as a central nervous system (CNS) 
cell marker, but it can be used to determine the genotype of 
Purkinje cells (R. J. M. and R. L. Sidman, unpublished). In 
Gus’/Gus® non-chimaeric controls, all of the Purkinje cells 
show enzyme activity as evidenced by the red reaction product. 
In Gus"/Gus" non-chimaeric controls, none of the Purkinje cells 
has sufficient enzyme activity to produce any noticeable staining. 
In Gus?’/Gus® <> Gus"/Gus" chimaeras (both components being 
+/+ at thepcd locus), a mosaic of stained and unstained Purkinje 
cells is observed (Fig. la). Virtually all Purkinje cells can be 
assigned to one class or the other. When sections from the 
ped/pcd Gus”/Gus”<—» +/+ Gus"/Gus" chimaera were stained 
by this technique, none of the surviving Purkinje cells showed 
enzyme activity (Fig. 1b), indicating that they were Gus"/Gus" 
and therefore +/+ at the ped locus. Thus, in the chimaera, 
the pcd/ped Purkinje cells have degenerated leaving the genetic- 
ally normal +/+ cells. 

The simplest interpretation of this is that the genic alteration 


Fig. 1 Sagittal sections (7um) of cerebellar cortex stained histo- 
chemically for B-glucuronidase and counterstained with methyl 
green. The mice were perfused with cold (0-4 °C) 4% formalde- 
hyde in phosphate buffer. The brains were processed and stained 
as described by Feder’. The sections were stained for 3 d at 
37 °C with fresh substrate added daily. In these photomicro- 
graphs the red precipitate at the sites of glucuronidase activity 
seems dark gray. a, Cerebellar cortex of a Gus’/Gus® <> 
Gus"/Gus" chimaera. Some of the large Purkinje cells are stained 
(arrows with dots) indicating they are from the Gus” component; 
others are not stained (arrows) and are, therefore, Gus". b, 
Cortex of a ped/pcd Gus*/Gus* <> +/+ Gus"/Gus" chimaera. 
None of the surviving Purkinje cells is stained (arrows) indi- 
cating they are from the +/+ Gus"/Gus" component. To the 
left is a gap left by degenerated Purkinje cells. In both a and b 
the other intense staining in the Purkinje cell layer is probably 
in Golgi epithelial cells (Bergmann glia). Scale bar, 20 um. 
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Fig. 2 Distribution of surviving +/+ e enn 
Purkinje cells in a ped/ped <> +/+ ewe ean 
chimaera in which 75% of the cells have oS: E E e.0.000' 
degenerated. With a drawing tube, the a a ae Se, 
positions of Purkinje cells along the at tee oe 
Purkinje cell layer of the lobulus oF" %0c0n.2'* “se ceo 
centralis in 20-um sagittal sections were sur Ai Pe ao -ii 
traced on tracing paper. The presence F e KARE a D 
of nuclei and nucleoli were also marked oae Sr! Swe: of 
to help eliminate cells present in adja- ap? 8 Eee. - 
cent sections. After aligning the tracings a 5 a ° 
by superimposition, a map reader was a ORT y 
used to measure distances along the Petes 2 
Purkinje cell lamina. The positions of G «36% = . 
the cells were then plotted in straight E a E 
lines on graph paper. Twenty-five serial » % goths o Ry 
sections (500 um) were recorded. The n Prak wo 
size of the dots is scaled to the average “Geo M o'e, 
Purkinje cell diameter. Thus, the figure na Toia 
represents the location of cells as they Mog: Mi E N 
would appear if the folium was flattened i eS ee 
out and viewed from above. A two- ns. ee 
dimensional! reconstruction such as this LF cdi S 
might change the shape of a patch or ° aea a ee 
clone of cells, but it would not disrupt it. eo te ' E 
Throughout the rest of the cerebellum s & Ge.” se" 
of this chimaera, the proportion of cells n oe ge 
that survived was relatively constant; oS. a o ee 
there were no regions where the density fF e A 
of Purkinje cells was normal and no U Te FS 
regions where they had all degenerated. wa O See Oa 
Thus, the portion reconstructed is not ey Ra aN 
at an interface between large patches of [ra pe iy 
mutant and normal cells. Scale bar, T ot CTRA 
100 um. e gy a s 


at the pcd locus is affecting the Purkinje cell directly. This con- 
clusion is supported by an ultrastructural study of pcd/pcd 
Purkinje cells in which a unique series of abnormalities in 
Purkinje cells was observed. Nothing was observed in this 
earlier study that would suggest the gene was acting anywhere 
else in the cerebellum other than the Purkinje cell’. One 
alternative is that the ped locus is acting in some other cell, 
also of the pcd/pcd genotype, with which the Purkinje cell must 
interact. This seems highly unlikely, for at least some pcd/pcd 
Purkinje cells should have been close enough to +/+ cells of 
this ‘other’ cell type during development to be saved, but none 
was. 

Since the surviving Purkinje cells in the chimaera are all of 
the same genotype, they had, at some time in development, 
common ancestors. Their distribution can be studied for 
evidence of clones that might be of developmental, anatomical 
and/or functional significance. In single sections the mosaicism 
is apparently extremely fine with some ‘patches’ being a single 
cell. This, however, must be cautiously interpreted, as what 
seems to be a single, isolated cell could be on the edge of a 
much larger patch or there could be narrow clones running 
perpendicular to the plane of section. The Purkinje cell layer 
is relatively well-suited for serial reconstruction for it is a single 
cell-thick lamina so the positions of cells can be plotted in two 
dimensions. A serial reconstruction showing the distribution of 
surviving Purkinje cells in a portion of the central lobule 
(lobulus centralis*) of one of the ped chimaeras is shown in 
Fig. 2. There does not seem to be any pattern or evidence of 
clones; the distribution seems to be random. 

Although it might seem unlikely, the random distribution 
could be the result of rearrangement of the +/+ cells after 
the pcd/pcd cells degenerate. This possibility was investigated 
by examining chimaeras in which there was no cell loss but in 
which the genotype of Purkinje cells was determined with the 
B-glucuronidase cell marking technique. Sections from a 
Gus’/Gus®<> Gus"/Gus" chimaera were analysed to estimate 
the number of cells in a clone of Purkinje cells. The estimate 
is based on a comparison of the mean patch size (contiguous 
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Table 1 Mean patch size and estimate of clone size for Gus®/Gus® 
Purkinje cells in a Gus?/Gus® «> Gus"/Gus" chimaera. 


Mean no. of Gus®/Gus?® cells per patch 
1.245-+0.071 1.367+0.100 1.196+0.051 1.298+4.0.091 1.217 +-0.063 


Cells 
Observed mean patch size (total) 1.259 +0.033 
Expected in random linear array 1.212 
Clone (observed /expected) 1.030+-0.021 








Each of the five means is based on a complete sagittal section 
through the vermis of a chimaera in which 17.5%, of the cells 
were Gus*/Gus® (that is, stained). A total of 1,947 cells were 
scored. There were 270 patches (that is, groups of contiguous 
cells of like genotype). The mean patch size expected in a random 


* 


linear array is estimated by 1/1-p where p is the proportion of cells of 

that genotype in the population (p gu’ = 0.175). For an approxi- 

mation of the number of cells per patch in a two-dimensional 

array, the numbers could be squared. That would not, however, 
alter the conclusion that the distribution is near random. 


cells of like genotype) with the mean expected in a random 
array’. In a purely random array, there would be one cell per 
clone. The data, shown in Table 1, yield an estimate of 1.03 
Purkinje cells per clone. Thus, even in chimaeras in which there 
is no cell loss, the Purkinje cells seem to be almost randomly 
distributed. A fine-grained mosaicism has also been observed 
by Dewey et al. using other cell marking techniques. 

These studies indicate that in the cerebellum the pcd locus 
exerts its primary effect within the Purkinje cell. The ped locus 
is pleiotropic; its other effects include loss of retinal photo- 
receptor cells", mitral cells in the olfactory bulbs? and males 
have abnormal (or degenerating) sperm’. These other effects 
were expressed in the chimaeras, but it could not be determined 
whether the pcd locus was also acting directly within those 
cell types. 

It is well established that most cortical neurones, including 
Purkinje cells, are born in germinal centres such as the embry- 
onic ventricular zone and then migrate to the position they will 
occupy in the adult cortex!”. Although they do migrate, the 
migration seems to be radial and one might expect that daughter 
cells would remain in proximity to one another which would 
give rise to clones of cells of the same genotype in adults. In 
this study, and in others 1%, however, there is little evidence 
of clones which suggests that at some time in development 
there must be a considerable amount of cell mixing. Additional 
studies are obviously needed to confirm this finding and to 
determine when the mixing occurs. It will also be of interest to 
examine other cell types for Purkinje cells are unusual in that 
they are spread out into a single cell lamina during the massive 
growth and foliation of the cerebellum. 
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Selective expression of xenotropic 
virus in congenic HRS/J (hairless) mice 


Genetic factors strongly influence susceptibility to 
leukaemia in mice. In some instances leukaemogenesis 
hinges on only a few genes, or even a single gene’. The hair- 
less mutation is an example of this. Homozygotes for this 
autosomal recessive gene (hr/hr) have a high incidence of 
thymic leukaemia (45% at 8-10 months), whereas the 
incidence in heterozygotes (hr/+) is low (1% at 8-10 
months), The leukaemogenic effect produced by homo- 
zygocity for hr is unknown. Here we report that thymuses 
of Ar/hr mice produce high titres of xenotropic viruses, 
whereas thymuses of Ar/+ mice do not. Furthermore, 
viruses with a broadened host range were isolated from 
thymuses of preleukaemic Ar/hr mice, but not from any 
tissue of hr/+ mice. We propose that the mutant gene hr 
specifies circumstances that augment production of xeno- 
tropic virus by the thymus. This phenomenon may be an 
important step in the development of thymic leukaemia. 

The virology of Ar/hr and hr/+ mice has not been 
extensively studied. Using a complement fixation test, 
Meier’s group found that adult and embryo tissues of both 
homozygotes and heterozygotes contained similar amounts 
of murine leukaemia virus antigen’. But, using an XC 
plaque assay to test tail extracts the same authors later 
reported that the Ar/hr mouse expressed several times 
higher amounts of ecotropic Type C virus than the hr] + 
animal’, 

In a preliminary experiment we found that the ecotropic 
virus in HRS/J mice, the strain that carries the Ar gene, 
was N-tropic. Therefore, we measured ecotropic virus in a 
modified XC plaque assay using NIH-3T3 cells*. As shown 
in Fig. la, N-tropic virus was readily detected in spleen, 
thymus, and bone marrow of both Ar/hr and hr/+ mice. 
Titres of virus increased with age, most notably in the 
thymus. But, at no time was there a difference in titre of 
infectious ecotropic virus between the two types of mice. 
It is therefore unlikely that the difference in the incidence 
of leukaemia can be explained by a difference in the 
expression of ecotropic virus. 

Xenotropic virus was assayed by a focus-induction assay 
in Moloney sarcoma virus-transformed, non-producer cat 
cells’ and a fluorescent antibody focus method involving 
mink lung cells®. With the cat cell assay, we detected small 
amounts of xenotropic virus in thymuses of 2-month-old 
mice, but there was no difference between Ar/hr and hr/+ 
mice at this age (Fig. 15). The titre of xenotropic virus in 
thymuses of 8-month-old Ar/hr mice increased remarkably, 
however, whereas virtually no increase was found in Ar/ + 
mice. Low titres of xenotropic virus were also found in 
spleen and bone marrow of some Ar/hr and hr/+ mice. 
Therefore, increased expression of xenotropic virus was 
specifically related to the age, tissue and genotype of the 
mouse. 

We confirmed this observation with the mink cell assay 
(Fig. 1c); at 8 months of age the expression of xenotropic 
virus in thymuses of Ar/hr mice was, on the average, 100 
times more than that in thymuses of Ar/+ mice. In other 
tissue, low titres of xenotropic virus were occasionally 
detected. We failed to find any clear-cut morphological 
changes in the infected mink cells. 

We next characterised further the xenotropic virus that 
infected the mink cells. After several in vitro passages of 
the infected mink cells, the supernatant was filtered (Milli- 
pore, 45m) and used to infect fresh mink cells. After 
three or four more passages the culture supernatant was 
filtered and tested for infectivity on both mink and NIH- 
3T3 cells by means of the XC-plaque assay and the fluor- 
escent antibody focus method. None of 48 isolates produced 
XC plaques on either NIH-3T3 of mink cells; 46/48 isolates 
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were pure xenotropic virus in that they failed to infect simple mixtures of ecotropic and xenotropic viruses because: 
mouse cells, but readily infected mink cells (Table 1). But, (1) they were infectious in mouse cells after having been 
2/7 isolates from thymuses of 8-month-old hr/hr mice in- passed more than 10 times in mink cells, and (2) they were 
fected both mouse and mink cells. Although we have not totally negative in the XC test. We refer to these viruses 
yet cloned the latter isolates, it is unlikely that they are as polytropic because of their broad host range and to 
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Fig. 1 Expression of endogenous a: -p 
viruses in HRS/J mice. Ecotropic for} 
and xenotropic viruses were quan- g 
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3T3 cells were plated in a 60-mm PA 

plastic Petri dish; 24 h later, the 3 

monolayer was treated with 2 ml of b 

25 pe mi~ DEAE-dextran for 
60 min at 37°C, rinsed, and 
infected with serial dilutions of 
washed lymphoid cells. After 5 d 
the infected indicator cells were 
exposed to ultraviolet light and 
overlayed with 110° XC cells. 
Two days later, the culture was 
methanol-fixed and Giemsa-stained 
and the number of plaques was 
counted. The medium was 4x 
Eagle’s minimum essential medium 
with 10% unheated foetal calf 
serum. b, Xenotropic virus detected 
by the cat cell assay®. The indicator 
cat cell (8C) monolayer was 
prepared as above, treated with 
DEAE-dextran for 30 min, rinsed 
and infected. Transformed cell foci 
produced by rescued MSV 
pseudotypes were counted 12 days 
after infection. The medium was 
McCoy’s 5A medium with 15% - oe 
heat-inactivated foetal calf serum. nasi nt 
c, Xenotropic virus by the mink Positive/Total 5/7 5/8 3/8 6/7 
cell assay®. Preparation of the 
indicator cell monolayer and 
method of infection was the same 
as in 4.Cultures were made in 
duplicate; one with 20x20 mm 
coverslip and another without. On 
the fifth day, cells on the coverslip 
were acetone-fixed and stained with 
fluorescein isothiocyanate con- 
jugated goat antiserum against 
©- Moloney virus (lot 5010101, NCI). 
Cultures without coverslips were 
maintained for 7-10 d to study 
possible morphological changes in 
infected mink cells and for subse- 
quent isolation of the virus. The 
medium was McCoy’s 5A medium 
with 10° unheated foetal calf 
serum. In all the infectious centre 
assays in vitro, medium was 

changed at 2-4 d intervals. 
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Table 1 Isolation of polytropic virus 





ene 





Age © Polytropic/xenotropic 
Genotype (morths) Thymus Spleen Bone marrow 
Ar/hr 2 0/2 0/3 0/3 
8 2/7 0/4 0/1 
Leukaemic 0/5 0/2 
hr] + 2 0/2 0/3 0/4 
8 0/3 0/1 0/3 
Leukaemic 0/2 0/3 





distinguish them from the amphotropic viruses of wild 
mice’. In a preliminary experiment, both an ecotropic and 
a xenotropic virus interfered with the infectivity of the 
polytropic virus for mouse and mink cells, respectively 
(data not shown). The polytropic isolates produced subtle 
morphological changes in infected mink cells, such as 
piling-up of cells or tiny cytoplasmic vacuolations, but. these 
changes were not as clear as those reported by Hartley er al.’ 
with the analogous AKR virus. Results of further character- 
isation of the polytropic isolates will be reported elsewhere. 
Several xenotropic isolates obtained from leukaemic tissue 
were also studied; none of the 12 samples was polytropic. 

Titres of ecotropic and xenotropic viruses in leukaemic 
tissues of hr/hr and Ar/+ mice are shown in Fig. 2. There 
were no significant differences in titres of ecotropic virus 
between preleukaemic and leukaemic thymic tissues. By 
contrast, leukaemic thymic tissue had much lower titres of 
xenotropic virus than preleukaemic thymus tissue. These 
findings may be explained either by regulation of expression 
of the virus at different stages of leukaemogenesis or by 
a shift in cell types in the thymus. 

Our results are comparable to those of Hartley et a/.* in 
the AKR mouse. These workers demonstrated an increased 


Fig. 2 Ecotropic and xenotropic viruses in preleukaemic and 

leukaemic thymus. a, Ecotropic virus; b, xenotropic virus (cat 

cell assay), c, xenotropic virus (mink cell assay), Black column 

represents the virus titre in leukaemic tissue of Ar/hr; open 

column, Ar/-i- leukaemic tissue; and hatched column, the titre in 
preleukaemic Ar/hr thymus. 
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expression of xenotropic virus in thymuses of preleukaemic 
AKR mice*. Some isolates of this virus were polytropic and 
probably represent recombinant viruses’. The polytropic 
virus obtained from AKR mice produced no plaques in 
the XC test but productively infected mouse cells, as 
determined by an immunofluorescent method. The virus we 
obtained from hairless mice had similar properties. There 
are other similarities between the AKR and hairless systems: 
titres of ecotropic virus are high in all three types of mice; 
in contrast, expression of xenotropic and polytropic viruses 
is observed specifically in thymuses of AKR and Ar/hr mice, 
but not in the Ar/+ mouse. 

_ We stress here the outstanding advantage of the hairless 
mouse system: it is congenic, thus providing internal con- 
trols for analyses of the effects of one or at most very few 
genes in viral leukaemogenesis. Our results suggest that 
one effect of the mutant gene is to augment the production 
of xenotropic virus by the thymus. Genetic recombination 
between this agent and an ecotropic virus may give rise to 
the polytropic virus we detected. Experiments to: test the 
oncogenicity of the latter agent are in progress. 

This work was supported by the USPHS (grant CA 10018) 
and NIH (contract NO-1-CP-61046). H.H. is a fellow of the 
Leukemia Society of America. 
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A feline leukaemia virus- and 

sarcoma virus-induced tumour-specific antigen 
BiocHEMIcAL and immunological methods of distinguishing 
between normal and malignant cells have had limited 
success. When studying cellular transformation, it is 
advantageous to study tumour viruses since they contain 
a definable quantity of genetic information for viral replica- 
tion and for cell transformation. Viral gene products, such 
as viral structural antigens, can be studied in both normal 
infected and virus-transformed cells. Oncornavirus antigens 
are found in the cytoplasm and cell membrane of both 
normal and transformed infected cells”. These antigens | 
are glycoproteins of the viral envelope or are internal viral | 
proteins’*, Non-viral tumour-specific antigens resulting — 
from transformation of the host cell by the causative virus, 
are found in the tumour cell membrane of some tumours 
induced experimentally by polyoma? and SV40’ DNA 
viruses; and in cells transformed by an oncornavirus, the 
Rous sarcoma virus’, but have not yet been found in any 
oncornavirus-induced leukaemic cell. Lymphosarcoma — 
(LSA) or leukaemia of pet cats is caused by a contagiously _ 
spread oncornavirus, the feline leukaemia virus (FeLV)". 
Antibody to the feline oncornavirus-associated cell 
membrane antigen (FOCMA)"* is associated with 
resistance to LSA development in FeLV-infected pet 
cats™™ and with regression of feline sarcoma 
virus (FeSV) experimentally-induced fibrosarcomas™. To 








Fig. 1 Viable cell IFA tests for FOCMA and fixed cell IFA 
tests for intracytoplasmic FeLV antigens of cat cells. Normal 
feline leukocytes: a, FeLV antigen negative; b, FOCMA 
negative. Normal feline leukocytes; c, FeLV antigen positive; 
d, FOCMA negative. Lymphosarcoma cells; e, FeLV antigen 
positive; f, FOCMA positive. Lymphosarcoma cells: g, FeLV 
antigen negative; 4, FOCMA positive. In the direct FOCMA 
test a 0.05m! aliquot of a 15 = 10° mi~ washed cell suspension 
was incubated at 4°C for 30 min with 0.05 ml 1:4 dilution of 
FeLV-infected cat serum which had a high titre (1:32) of 
antibody to FOCMA, but which had no FeLV-neutralising 
antibody. As a control, another 0.05mi aliquot of a washed 
cell suspension was incubated, in the same conditions, with 
0.05 ml cat serum containing no FOCMA antibodies. After 
incubation. the cells were washed twice, mixed with the 
fluorescein isothiocyanate-conjugated rabbit anti-cat serum 
globulin (Sylvania, Millburn, New Jersey), diluted 1:10, and 
allowed to react on ice for 30 min. Cells were then washed twice 
and resuspended in 0.05 ml 50% glycerin in PBS. A minimum of 
100 cells were counted from each cell preparation. When 50% 
of the cells had punctate membrane fluorescence, and when the 
number of cells fluorescing in the FOCMA test was at least 25 % 
greater than the number of fluorescing B cells from the same 
preparation, the cat was considered to have FOCMA-positive 
lymphoid cells (that is, the cells were lymphoid tumour cells). 
In the FOCMA absorption test, an aliquot of the cat anti- 
FOCMA serum was used at two double dilutions below the 50% 
fluorescent endpoint. The diluted serum was then absorbed 
twice for 30 min each at 4 and 37 °C with an equal volume (a 
minimum of 0.2 ml) of washed packed test cells. The residual 
FOCMA antibody titre of the absorbed cat anti-FOCMA 
serum was then determined in a direct FOCMA test as described 
previdusly, and compared with that of unabsorbed (control) 
serum from the same aliquot. A 25% or greater reduction in the 
FOCMA antibody titre of the absorbed serum was considered a 
positive absorption, indicating that FOCMA was present on the 
B lymphoid cells and that these cells were tumour cells. 
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determine whether FOCMA is a tumour-specific antigen, 
we tested normal, LSA and fibrosarcoma cat cells for both 
FeLV antigens and FOCMA. We report here that FOCMA 
is a tumour-specific antigen induced by naturally occurring 
feline leukaemia and sarcoma viruses. Our observation, 
which was made in a random bred species, the pet cat, may 
have particular relevance for the diagnosis and therapy of 
naturally occurring lymphoid tumours of other animals, 
including man. 

Cells from both FeLV-infected and uninfected healthy 
pet cats, and FeLV-infected and uninfected cats with 
naturally occurring LSA, were studied. All cells were tested 
for cytoplasmic FeLV structural antigens by the fixed cell 
immunofluorescent antibody (IFA) test. Detection of 
FeLV antigens in the cytoplasm indicates that FeLV is 
replicating in these cells and that FeLV gp70 and p30 are 
present in their cell membranes*”’’”’. 

To determine whether FOCMA is expressed on lymphoid 
cells regardless of their cellular origin, tests to determine 
whether the cells were of T or B cell origin were also 
carried out. Lymphocytes were tested for their ability to 
form rosettes with guinea pig erythrocytes to determine 
whether they were of T cell origin, and for the presence of 
cell surface immunoglobulins (Ig) to determine whether they 
were of B cell origin”. 

Two tests for FOCMA were carried out, the direct test 
and the absorption test using a standard reference serum 
(see Fig. 1)'**. This reference serum was obtained from an 
FeLV-infected cat and contained FOCMA antibody at a 
titre of 1:32 but did not contain FeLV-neutralising anti- 
body. The FOCMA reactivity of the serum could not be 
absorbed out with intact or disrupted FeLV, with purified 
FeLV gp70 or p30'* "°, with foetal cat cells, or with normal 
cat lymphoid cells. FOCMA antibody was absorbed only 
by FeLV-producing or non-producing feline LSA cells. If 
the lymphoid cells were found to be of B cell origin they 
were tested for FOCMA by the absorption test. This was 
necessary since the fluorescein-conjugated rabbit anti-cat 
serum globulin used in the direct FOCMA test reacts with 
Ig-producing B cells and thus makes interpretation of the 
direct test impossible. i 

A total of 36 cats with histological diagnoses of LSA 
were studied. Twenty-seven of the cats had FeLV-producing 
LSA cells, whereas the LSA cells of the other nine cats 
were not replicating FeLV. Twenty-three out of the 36 
LSAs (64%) were of T cell origin (Table 1). All 12 thymic 
LSAs and 10 of the 18 multicentric LSAs were T cell 
tumours. Both T and B cell markers were present in seven 
of the LSAs and were classified as mixed cell tumours. 
Only four LSAs were of B cell origin and three of these 
were LSAs of the gastrointestinal tract. No lymphocyte cell 
surface markers could be detected in two LSAs and these 
were classified as null cell tumours. 

All 33 FeLV-producing LSA cell preparations obtained 
from 27 FeLV-infected LSA cats were positive for FOCMA 
(Table 2). Similarly, all 13 LSA cell preparations, which 
were not replicating FeLV, obtained from nine FeLV IFA 
test-negative LSA cats were also FOCMA positive. FOCMA 
was expressed on lymphoid tumour cells (Fig. 1) regardless 
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Table 1 T and B cell origin and forms of feline lymphosarcoma 





Lymphosarcoma No. of cats Cellular origin 


form tested T B Mixed Null 
Multicentric I8 10 | 5 2 
Thymic 12 12 0 0 0 
Alimentary 5 l 3° I} 0 
Unclassified l 0 0 l 0 
Totals 36 23 4 7 2 


EEE 


* Two gastric LSA. 
+ Intestinal LSA. 
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Table 2 Occurence of FOCMA in cats with lymphosarcoma 


Number of FeLV status 
cats with of cats with 
lympho- — lympho- 
sarcoma sarcoma 





Number FOCMAFOCMA 
tested positive negative 


Tissues tested 


Lymphosarcoma 
cells obtained 
from: 
Blood 
Thymus 
Lymph Nodes 
Stomach 
Spleen 
Kidney 
Total 3 


Normal blood 
lymphocytes from 
-+-ecats with LSA 4 0 


27 $ 
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Lymphosarcoma 
cells obtained 
from: 
Lymph nodes 
Thymus 
Stomach or 
intestine 
Blood 
Omentum 
Spleen 
Total 


Normal blood 
lymphocytes from 
-cats with LSA 4 0 4 
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Lad bed foot BA DD tad fin 
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of their FeLV status and T, B, mixed or null cell origin. 
By contrast, four out of four Fel V-infected and four out 
of four Fel. V-negative morphologically normal lymphocyte 
preparations, which were obtained from the peripheral 
blood of cats with LSA who had no evidence of circulating 
leukaemic cells, were negative for FOCMA. A total of 63 
normal cell preparations, 20 Fel. V-infected and 43 FeLV 
uninfected, obtained from healthy cats were negative for 
FOCMA. Normal lymphocytes from 11 Fel. V-infected and 
22 uninfected cats were FOCMA negative. Infected neutro- 
phils from six healthy cats and infected thymocytes from 
three foetuses were FOCMA negative. Uninfected neutro- 
phils (eight cats), thymocytes (five cats), splenocytes (five 
cats) and myelocytes (three cats) were also negative for 
FOCMA. 

Normal Fel V-infected and uninfected feline embryo 
lung fibroblast cell cultures were negative for FOCMA. 
Similarly, three non-lymphoid feline tumour cell cultures 
(one mammary adenocarcinoma, one osteosarcoma, and 
one anaplastic sarcoma) were also negative for FOCMA. 
Two fibrosarcoma cultures obtained from young cats with 
naturally occurring multicentric FeSV fibrosarcomas and 
granulocytic tumour cells from a cat with myelogenous 
leukaemia were, however, FOCMA positive, as was a dog 
fibrosarcoma culture from an FeSV-induced fibrosarcoma 
in a beagle puppy. 

Our findings indicate that FOCMA is an FeLV- or FeSV- 
induced tumour-specific antigen expressed on the mem- 
branes of naturally occurring feline LSA, myelogenous 
leukaemia and multicentric fibrosarcoma cells. The finding 
that myelogenous leukaemia cells are FOCMA positive is 
important, since it indicates that FeLV can transform 
granulocytes in addition to lymphocytes. Since FOCMA 
has been induced by FeSV in cells of other species”, it is 
unlikely that FOCMA is an expression of an activated 
feline cellular gene. The expression of FOCMA on the 
membranes of FeLV non-producer feline LSA cells enables 
these cells to be used to study a defective leukaemia virus 
of a naturally occurring LSA. Such cells will be valuable 
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for comparative studies of lymphoid tumours of all animals, 
including man. 
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Role of sendai virus fusion-glycoprotein 
in target cell susceptibility to cytotoxic T cells 


IN mice, cytotoxic T lymphocytes (CTLs) are generated in vivo 
or in vitro against virally-infected syngeneic cells'-*. The 
specificity of killing requires. that the target cells possess both 
viral gene product(s) and H-2K and/or D gene products which 
are identical to those on the effector cells>. Target cells coated 
with non-infectious (ultraviolet-inactivated) Sendai virus are 
also specifically lysed by syngeneic virus-specific CTLs*. We 
show here that it is primarily the fusion glycoprotein of the 
Sendai virus envelope which is essential for the formation of 
the target antigen on cells coated with ultraviolet-inactivated 
Sendai virus. . 

The Nagoya strain of Sendai virus (from Dr H. Tozawa, 
Kitasato University, Japan), grown in 10-d-old embryonated 
chicken eggs, was purified and inactivated by exposure to ultra- 
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violet light. Uitraviolet-treated Sendai virus (SVuv) shows no 
infectivity (<5 PFU per ml, no plaques for a 0.2 m! undiluted 
sample) in primary rhesus monkey kidney cells and also no 
detectable synthesis of viral proteins in coated P815 (H~2*) 
mouse mastocytoma cells (from Dr B. Smith, Institute for 
Cancer Research, Philadelphia) at 24 h after coating with virus 
as measured by direct FITC-antibody (Microbiological 
Associates), staining (data not shown). For the selective 
digestion of the fusion glycoprotein of the Sendai viral envelope, 
SVuv was treated with trypsin 20 pg ml~ according to the 
method of Shimizu et al.’. 

Table 1 shows that trypsin treatment of SVuv resulted in an 
88%, decrease in cell-fusion activity and an approximately 95 °% 
decrease in haemolytic activity. Thus, trypsin inactivates the 
Sendai virus fusion and haemolytic activities, both of which 
reside on the viral fusion glycoprotein (referred to as the 
F glycoprotein)®. On the other hand, trypsin did not affect the 
viral haemagglutinin (HA) and neuraminidase (NA) activities 
which are both known to reside on the only other viral glyco- 
protein (referred to as the HANA glycoprotein)? (Table 1). 
Results similar to these have also been observed by Shimizu 
et al’. Thus, the two ultraviolet-treated Sendai virus prepara- 
tions used for coating target cells differed in that one possessed 
the functional activities of the F glycoprotein (referred to as 
SVf*) and the other lacked the functional activities of the 
F glycoprotein following trypsin digestion (referred to as SVf~). 

Sendai virus-specific cytotoxic effector cells were prepared 
using a modification of the method of Schrader et a/.6. DBA/2J 
(H~2°) mouse spleen cells, which had been primed in vive with 
SVuv, were re-stimulated in vitro with y-irradiated syngeneic 
spleen cells coated with SVuv. As a control, normal (unprimed) 
DBA/2J spleen cells were co-cultured with y-irradiated normal 
C3H/HeJ (H-2*) mouse spleen cells. Only SVf* coated syn- 
geneic P815 (H-2°) cells were killed significantly by Sendai 
virus-specific sensitised DBA spleen cells. SVf~-coated and 
mock-infected P815 targets were not killed significantly by the 
effector cells (Fig. 1). Effector cells stimulated im vitro with 
normal allogeneic (C3H/HeJ) spleen cells did not significantly 
lyse the P815 target cells (Fig. 1). Therefore, the virus-specific 
lympholysis was not. due to nonspecific killing caused by 
effector cells binding to target cells by Sendai virus bridges. 
After the in vitro generation, treatment of effector cells with 
anti-Thy~1.2 and complement showed that SVuv-specific killing 
was due to T cells (data not shown). These experiments were 





Table 1 Effects of trypsin treatment on Sendai virus envelope 





activities 
Sendai HAU NAU %% Cell Ms 
virus per mi per mi fusion Haemolysis 
Trypsin treated 1,900 58 12 4.8 
Untreated 1,900 56 100 100 





* 


Sendai virus grown in embryonated chicken eggs was purified by 
discontinuous sucrose gradient (20% and 50% (w/w)) centrifugation 
and resuspended in phosphate-buffered saline (PBS) (pH 7.2). 
Aliquots of 2 ml of purified virus were irradiated in the ultraviolet 
at 800 pW cm~? for 30 min with continuous rocking in a plastic dish 
(Falcon 3002). The ultraviolet-inactivated virus was treated with 
trypsin (DCC treated bovine pancreatic trypsin, Sigma) at a final 
concentration of 20 pgm! ~t at 36 °C for 30 min. Trypsin was removed 
by centrifugation at 55,000g for 30min at 4 °C and the trypsin- 
treated (SVf~) and untreated virus (SVf*) were each resuspended in 
PBS. Haemagglutination (HA), neuraminidase (NA) and haemolytic 
assays were carried out as described previously’®, The cell fusion 
activities of the virus preparations were expressed as the percentage 
decrease in the total number of cells in the virus-infected cultures 
(compared to mock-infected control cultures) due to the cell-to-cell 
fusions. For cell fusion measurements, replicate cultures of HeLa cells 
(seeded bne day previously at 2 x 10° cells per 60 mm plastic Petri 
dish) were inoculated with 0.5 ml of SVf*, SVf~, or mock-infected. 
Following a i h virus adsorption, the cultures were overlaid with 
5.0 ml of media containing 10° foetal calf serum. Tota! cell numbers 
were measured 2 h later. 
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1:1 5:1 25:1 
Effector: target ratio 


Fig. 1 Susceptibilities of P815 target cells coated with SVf* or 
SVf~ to Sendai virus-specific CTLs. DBA/2J mice were primed 
in vivo with a single injection of 100-200 hacmagglutinating units 
(HAU) of SVuv per mouse 3 weeks before collection of spleen 
cells. 5 x 10° spleen cells were cultured with 310" unprimed 
DBA/2J spleen cells pretreated with NH,CI to remove red blood 
cells, coated with SVuv at a concentration of 100-200 HAU per 
i x 10° cells (as described below), and y-irradiated at 2,000 R. 
Using the procedure described above, unprimed DBA spleen 
cells were cultured with 5 x 10° normal C3H/HeJ spleen cells. 
The culture medium consisted of EHAA™ supplemented with 
5x105 M 2-mercaptoethanol and 5°, heat-inactivated foetal 
calf serum. Effector cells were collected 6d later from cultures 
containing the virus-coated syngeneic stimulating cells (———) 
and the allogeneic stimulating cells (--~-—) by using Ficoll- 
Isopaque fractionation to remove red cells and dead cells)*. 
Target cells were prepared as follows: *Cr-labelled P815 cells 
were treated at 4 °C for Ih with SVf* in PBS (©), SV- in 
PBS (A), or PBS (73) at 200 HAU per 1 = 10" cells. The cells 
were then washed twice with PBS. Cytotoxicity assays were 
performed in round bottom-wells of a microplate (Linbro) with 
1 x 10* target cells and a given number of effector cells per well 
and were allowed to react for 6h. The data are plotted as % 
*Cr-release for triplicate wells. The indicated s.d. was always 
less than 5°. The spontaneous release of all targets was 23-26%. 
Percentage cytotoxicity was calculated as follows: o 

c.p.m. experimental release —c.p:m. spontaneous release x 100 

cp.m. maximum release —c.p.m,. spontaneous release 





repeated three times with identical results to those shown in 
Fig. 1. Thus, the Sendai virus F glycoprotein is the primary 
virion component necessary for the lysis of ultraviolet- 
inactivated virus-coated target cells by syngeneic CTLs. 
Treatment of the Sendai virion with trypsin causes selective 
proteolytic cleavage(s) of the F glycoprotein’ and inactivates its 
biological activities of fusion and haemolysis (Table | and ref. 9) 
with no detectable effect on the amount of viral HANA glyco- 
protein on the virus-coated cells. Table 2 shows that there is no 
significant difference in the cell-associated NA activities 
between SVf*- and SVf~-coated cells for at least 6 h after virus 
coating, which corresponds exactly to the cytotoxicity reaction 
time (Fig. 1). Similar results to those in Table 2 were obtained 
in a repeat experiment. These experiments rule out the possi- 
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Table 2 Neuraminidase activities of Sendai virus-coated P815 
target cells 


Time after Neuraminidase activity (As) from 
coating cells coated with 
cells (h) Svf* SVf- No virus 
0 0.462 0.491 0.112 
3 0,229 0.326 0.112 
6 0.223 0.275 O11] 


POOO nea eeepaenemmmmeteaeemesemmmbeetennemnetasmmmcanieseesanecmnmmuunesnensnemmemmmicieenecsaesnseaduennaesmeaammmaaaaaaatatal 


P815 cells were treated with SVf* in PBS, SVf~ in PBS, or PBS in 
the conditions described for the labelled target cell preparations (see 
Fig. 1 legend). After washing, the cells were incubated at 37°C in 
the culture medium for the indicated times. Following incubation, 
2,4x 10° cells were pelleted and assayed for cell-associated viral 
neuraminidase activity using the assay method used for Sendai 
virions”. 


bility that there is a difference in the amount of adsorbed viral 
HANA glycoprotein on the target cells coated with either SVf+ 
or SVf~, that is, that fusion activity determines the amount of 
virus adsorbed to the cell surface in these conditions. 

During the course of these studies, Koszinowski ef al 
reported that target cells coated with a partially purified 
envelope fraction (containing both HANA and F glycoproteins 
from disrupted Sendai virions) were susceptible to syngeneic 
virus-specific CTLs. Thus, our studies confirm and extend these 
results by showing that it is the F glycoprotein of the Sendai 
virus envelope that has an essential role in the formation of the 
target antigen on the inactivated virus-coated target cells 
recognised by the syngeneic (ultraviolet-inactivated Sendai 
virus-specific) CTLs. 

Two general hypotheses have been proposed to explain H-2 
restriction in virus-specific lymphocyte cytotoxicity’. The CTLs 
could recognise the H~2K and/or D gene products which are 
modified by the virus (altered-self hypothesis) or the CTLs 
could recognise both H-2 and viral gene products (dual 
recognition hypothesis). Recently, Ennis et al reported 
experiments which support the dual recognition of both H-2 
and viral haemagglutinin antigens for influenza virus-specific 
CTLs. It is not known whether the H-2 and viral antigens were 
recognised by two separate receptors, one for the H-2 antigen 
and the other for the influenza virus haemagglutinin antigen, or 
whether there could be one receptor specific for some structural 
association between these two antigens’. A possible structural 
association of H-2 and murine leukaemia virus envelope 
glycoprotein on the surface of mouse tumour cells producing 
murine leukaemia virus has been suggested from co-capping and 
co-patching studies!*, : 

There are several possible ways of explaining the role of the 
F glycoprotein in the Sendai virus-specific cytotoxic reaction. 
The fusion activity of the ultraviolet-inactivated Sendai virus 
may be required for an association of H-2 gene products and 
virion component(s). It is believed that Sendai virion components 
can disperse quickly throughout the cell membrane after fusion 
of the viral envelopes’. Following the dispersion of Sendai 
virion components, the F glycoprotein itself and/or other viral 
gene products could interact with H-2 gene products in the cell 
membrane. Alternatively, the fusion glycoprotein itself could 
directly become a part of the target antigen without the 
expression of its fusion activity. | 

Experiments are in progress to discriminate between: these 
various possibilities by using purified subcomponents. isolated 
from Sendai virions. We are also investigating the possibility 
that in conditions where cells are infected with live (not ultra- 
violet-inactivated) viruses other virion or viral-induced com- 
ponent(s) could also contribute to the formation of the target 
antigens recognised by syngeneic virus-immune CTLs., | 

This work was supported in part by NIH grants CA-16836, 
AI-11576, AI-08439 and National Foundation-March of Dimes 
grants CRBS 246 and 6-76-213. We thank Barbara Alter for 
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Isolation of separate Fc receptors 
for IgG complexed to antigen 


and native IgG from a murine leukaemia 


RECENT studies have suggested that membrane receptors for the 
Fc region of IgG (Fe receptors) may be heterogeneous structures 
with distinctive binding properties'~°. Walker has reported that a 
single cell line may possess separate Fe receptors for IgG molecules 
of different subclass', and Heusser ef al. have demonstrated that 
macrophage-like cell lines may possess two distinct receptors: one 
which binds monomeric IgG2a, and another which binds to 
aggregates of all subclasses’. Unkeless recently reported that a 
variant clone of the P388D1 mouse macrophage line had the same 
number of binding sites for IgG 2a as the parent line, but only 10% 
of the binding sites for rabbit IgG in the form of soluble 
antigen-antibody complexes, suggesting the presence of two 
distinct Fe receptors’. The molecular identity of Fe receptors 
remains uncertain since few structural studies defining these 
membrane components are currently available**. In this study we 
demonstrate that several glycoproteins with Fe binding activity 
can be isolated from the plasma membranes of L1210 cells, and 
provide structural evidence that separate receptors may be 
responsible for binding IgG which has been complexed with 
antigen, and monomeric or aggregated IgG. 

The murine leukaemia L1210 was grown ın stationary culture in 
RPMI 1640 supplemented with 10% foetal calf serum (Flow 
Laboratories, Rockville, Maryland). Cells (2 x 10'°) were swelled 
in hypotonic buffer and ruptured in a Ten Broeck homogeniser. 
The plasma membranes were prepared by a partition of the cell 
lysates in a two-phase system of polyethylene glycol and dextran’. 
The glycoproteins were extracted from the plasma membranes 
using 0.3 M lithium diiodosalicylate as described by Marchesi and 
Andrews'®. In some experiments, the cells were labelled with ‘771 
using lactoperoxidase-catalysed iodination before lysing, and in 
other experiments the glycoproteins were labelled with **°I by the 
chloramine-T method!! after the extraction. In the two experi- 
ments in which lactoperoxidase-catalysed iodination was used, 
39% and 46°% of the cell-associated counts were recovered in the 
plasma membrane interphase, and 43% of the plasma membrane- 
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associated counts were recovered in the glycoprotein extract. The 
results obtained using the two labelling techniques were identical. 

The glycoprotein extract obtained from 2 x 10!° cells contained 
approximately 2 mg protein and seemed to have Fe receptor 
activity since it was bound by erythrocytes coated with IgG 
antibody, but not by erythrocytes alone. The addition of 1 yg of 
the glycoprotein extract to 10° L1210 cells and 10° IgG-sensitised 
erythrocytes resulted in 73% inhibition of EA rosette formation. 

Purified human IgG (Miles Laboratories, Elkhart, Indiana) was 
extensively absorbed with viable L1210 cells and an F(ab’), 
fraction prepared by pepsin digestion and Sephadex G-200 
fractionation’’. Purity of the intact and digested IgG was 
determined using SDS~polyacrylamide gel electrophoresis’. 
Cyanogen bromide-activated Sepharose 4B was coupled to either 
heat-aggregated human IgG, heat-aggregated F(ab’), human IgG, 
or keyhole limpet haemocyanin (KLH) as described previously®, 
and five columns containing 2mg of coupled protein were 
prepared. Rabbit anti-human IgG (Cappel Laboratories, Down- 
ingtown, Pennsylvania) was added to one of the columns 
containing coupled aggregated human IgG, and rabbit anti-K LH 
was added to one of the KLH-coupled columns, so that two 
columns contained antibody complexed to antigen. The other 
columns contained only coupled KLH, aggregated human IgG or 
aggregated F(ab’), IgG. All columns were washed with phosphate- 
buffered saline (PBS) until the Aj go in the eluate was equal to a 
blank control. 

Equal amounts of radioactive glycoprotein extract in PBS were 
applied to each column and after a 60-min incubation at 23 °C the 
columns were washed with PBS until the c.p.m. in the eluates were 
equal to background. The columns and washes were counted and 
the percentage c.p.m. bound was calculated (Table 1). Those 
columns containing Sepharose 4B coupled to IgG with an intact Fe 
region bound between 35-44% of the labelled preparation, 
whereas the F(ab’), IgG and KLH columns bound only 2.8% and 
4.4%, respectively. Elution of the columns with 0.1 M citrate buffer 
(pH 3.2) containing 0.5 M NaCl removed most of the radioactive 
material which was bound to the columns that contained an intact 
Fe region (Table 1). 

The citrate eluates were analysed using SDS—polyacrylamide gel 
electrophoresis (Fig. 1). No distinct components were detected in 
the citrate eluates from the F(ab’), IgG-coupled or the KLH- 
coupled columns. Three distinct peaks with apparent molecular 
weights of 65,000, 45,000 and 28,000 (designated FI, FH and FID) 
were found in the eluate from the aggregated IgG-coupled column 
(Fig. 1). An identical pattern was observed when non-aggregated 
IgG was coupled to Sepharose 4B. The citrate eluates from the 
columns containing immune complexes (IgG-anti-IgG or 
K LH~anti-K LH) revealed the same three peaks and an additional 
peak (designated peak A) with an apparent molecular weight of 


125,000 (Fig. 1). The possibility that peak A represents a gel 


artefact due to overloading with IgG eluted from the complex 
columns was discounted by the fact that only a faint Coomasie 
blue-positive IgG band was present on the gels. Furthermore, gels 
loaded with one tenth the radioactive material revealed no IgG 
staining band, but the continued presence of peak A. 

Peak A, FI, FH and FIH were purified by electroelution from 
polyacrylamide gels'* and each fraction contained less than 8% 
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Fig.1 Analyses of the SDS—polyacrylamide gel electrophoreses of the 
citrate eluates derived from Sepharose 4B columns coupled to aggregated 
human IgG to which anti-human IgG had been added (~~~ —~), OF to 
aggregated human IgG alone (~-—-—--~), The radioactive samples, in 
non-reducing conditions, were applied to parallel 7.5%, acrylamide gels. 
Electrophoreses were carried out in non-reducing conditions to maintain 
the Fc binding properties of the proteins which were subsequently purified 
from the gels by electroelution, The citrate eluate from the KLH-coupled 
column, to which antt-K LH had been added, revealed an identical profile 
to the aggregated IgG-anti-IgG column. The citrate eluate from a non- 
aggregated IgG-coupled column had the same pattern as the aggregated 
IgG-coupled column, Peak A, which was demonstrated only in the citrate 
eluate of columns containing immune complexes, migrates in front of IgG 
and has an apparent molecular weight of 125,000. FI, FU, and FIH, with 
apparent molecular weights of 65,000, 45,000 and 28,000, were found in the 
citrate eluates from all columns that contained an intact Fe region. The 
citrate eluates from the F(ab’), IgG-coupled and KLH-coupled columns 
revealed no distinct peaks. 


cross contamination from the other fractions. FI, FH and FIH 
revealed no change in molecular weight after reduction and 
alkylation. Reduction and alkylation of peak A resulted in the 
appearance of two radioactive peaks with apparent molecular 
weights of 74,000 and 60,000. 

The ability of non-aggregated mouse myeloma proteins of 
different IgG subclasses to bind to intact L1210 cells was 
determined by indirect immunofluorescence. As judged by the 
intensity of the fluorescence, Table 2 shows that L1210 binds IgG 
preparations in the following order: human IgG =mouse 
IgG2a > mouse IgG! > mouse IgG2b. Affinity columns of Seph- 
arose 4B coupled.to these same proteins were prepared and the 
percentage labelled peak A, FI, FIH, and FI bound by these 
columns determined (Table 2). All isolated glycoproteins bound 
better to human IgG or mouse IgG2a than to mouse IgG! o 
IgG2b. | 


Table 1 Binding of '**I-labelled glycoprotein extract to Sepharose 4B columns coupled to different IgG preparations 


Aggregated Aggregated 
Buffer F(ab‘), IgG IgG 
PBS, 0.01 M 2.8 35.7 
(pH 7.2) 
Citrate, 0.1 M 1.6 8.4 
NaCl, 0.5 M 


“¢.p.m. bound 


Aggregated 
IgG + KLH + 
anti-IgG KLH anti-K LH 
44.] 4.4 42.7 
6.7 4.2 10.1 


° (pH 3.2) 
ec EES AITTE ea annae 


Equal amounts of radioactive glycoprotein extract in PBS were applied to the columns. After extensive washing, so that the counts in the eluate equalled 
backgroùnd, the columns and washes were counted and the percentage of the applied c.p.m. bound was calculated. The columns were then eluted with 
citrate buffer and the percentage of applied c.p.m. remaining on the columns was calculated. p 
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_Table2 Correlation of IgG subclass binding of intact L1210 cells and 
isolated Fe binding proteins 





Human - Mouse myeloma proteins 
Sample IgG IgGl IgG2a IgG2b 
L1210 Cells +++ + ++ fp op + 
Peak A 74.8 32,8 61.2 26.2 
FI 59.6 40.8 63.8 32.6 
Fil 66.6 26.9 | 64.9 35.6 
FHI 45.5 30.4 46.6 30.0 





L1210 cells were incubated with either human IgG or one of the mouse 
myeloma proteins, washed, and then stained with the appropriate 
fluorescein conjugate (anti-human [gG or anti-mouse Ig). The intensity of 
the fluorescence was graded from + (barely visible) to + + + + (most 
intense). Peak A, FI, Fil and FHH were passed over Sepharose 4B columns 
to which equal amounts of human IgG or one of the myeloma proteins 

_had been coupled. The columns were washed with PBS until the c.p.m. in 
the eluates were equal to background. The numbers refer to the per- 
centage of counts bound by each column. 


These experiments indicate that four proteins which bind to the 
Fe region of IgG can be isolated from the glycoprotein extract of 


the plasma membranes of L.1210. These proteins exhibit the same 


IgG subclass affinity as the intact cell, indicating their relationship 
to the cell’s Fe receptors; however, their relationship to one 
another has not been determined. FI, FH, and FIT are composed 
of single polypeptide chains of similar amino acid composition, yet 
they differ considerably in their apparent molecular weights. 


Preliminary data suggest that the apparent differences may be due ` 


to either differences in the carbohydrate moieties of the molecules, 
or aggregation which is induced during the isolation procedure on 
SDS gels'®. The smaller proteins may also represent degradation 
products of a larger Fe receptor. We consider this possibility less 
likely, since the addition of proteolytic inhibitors throughout the 
isolation procedure does not alter the results, and the isolated 
_ molecules still retain their Fe-binding properties. 


Frøland et al.* have presented data which suggest that the cells 


that form EA rosettes and those that bind aggregated IgG may be 
separate. Our data may provide a molecular basis for explaining 
these observations. The Fe binding proteins (FI, FH and FHI) 
isolated from L1210 bind to monomer or heat-aggregated IgG, 
whereas peak A seems to have specificity for IgG complexed to 
antigen. Thus, the ability to form rosettes with IgG-coated 
erythrocytes could depend on the possession of an Fe receptor 
which binds IgG antibody complexed to antigen, and this receptor 
may be distinct from the Fc receptor which binds IgG that is not 
complexed to antigen. It is also possible that the smaller Fc binding 
molecules which we have isolated may be related to each other and 
may be derived from a larger, complex Fe receptor. The different 
binding specificities exhibited by an individual cell could then be 
accounted for by the way in which these molecules are arranged or 
linked to one another on the cell’s surface. 
This work was supported by grants from the NIH and the NCI. 
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Antagonism of antigen-induced | 
contraction of guinea pig and human airways 


Exposure of isolated sensitised guinea pig or human 
airway tissue to specific antigen produces a rapid and 
prolonged contraction which has been studied as a model 
of asthmatic bronchospasm. This response is thought to 
be mediated by endogenous chemicals released from airway 
mast cells, since antigen treatment of sensitised guinea 
pig or human pulmonary tissue results in the elaboration 
of several substances, including histamine and slow re- 
acting substance of anaphylaxis (SRS-A), which can 
contract airway smooth muscle. The few attempts at 
investigation of which mediators are responsible for the 
airways response have led to contradictory conclusions. 
Schild er al.' reported that antihistamines significantly 
(but not completely) antagonised antigen-induced con- 
traction of bronchi from an asthmatic patient. Sheard 
and Blair’, however, demonstrated that antihistamines had 
no effect on the contraction of human bronchial strips 
studied in the presence of antigen-challenged, passively- 
sensitised human lung. They suggested, without direct 
evidence, that the contractile response of the bronchial 
strip was the result of SRS-A release. At present, therefore, 
the roles of histamine and SRS-A in the airway response 
to antigen have not been defined. We have investigated 
the effects of diphenhydramine, a histamine H, antagonist, 
and FPL 55712 (ref. 3), an SRS-A antagonist, on the 
response of sensitised guinea pig and human airways to 
antigen and report that pretreatment with either alone 
modifies the airway response in a characteristic fashion, 
and that together, they effectively inhibit antigen-induced 
airway constriction. 

Tracheas of male Hartley guinea pigs passively sensitised 
with rabbit anti-dog albumin were cut into rings which 
were tied together to form a chain and placed in an organ 
bath containing Tyrode’s solution. Three chains of three 
rings each were constructed from each trachea and were 
studied simultaneously. Human bronchial tissue obtained 
from patients undergoing surgical procedures was sensitised 
by incubating with serum from a ragweed allergic subject. 
Circumferential bronchial strips, studied in duplicate or 
triplicate, were suspended in an organ bath containing 
Krebs—Henseleit solution. Isometric airway tissue contrac- 
tions were recorded. 

Exposure of either tissue to specific antigen resulted in 
a rapid contraction equivalent in amplitude to approxi- 
mately 40-100% of maximum contraction. Unsensitised 
tissue did not respond. Although the amplitude of the 
antigen-induced contraction varied considerably from day 
to day, within each experiment the responses of the chains 
or strips from one smooth muscle preparation were 
approximately equal. The duration of the response, 
ranging from 30 to 150min, was proportional to the 
amplitude and was essentially unaffected by repeated 
washings. 

Pretreatment of guinea pig or human airway tissue with 
diphenRydramine delayed the onset of the response 
to antigen and decreased the rate of development 
of the contraction (Fig. 1A). Within each experiment, 
the effects of diphenhydramine were dose dependent, with 
effects noted at concentrations as low as 10°°M. 
Pretreatment with doses of diphenhydramine as high as 
10M, however, did not significantly decrease the ampli- 
tude or duration of the antigen-induced contraction. Higher 
concentrations caused no specific effects, but even 10° M 
diphenhydramine had no effect when added aftr the 
airway response to antigen had developed. 

Pretreatment with FPL 55712 in doses up to 5x 10° g m+ 
did not significantly alter the initial phase of the airways 
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response to antigen but produced a dose-related decrease 
in amplitude and duration of the prolonged phase of 
the response (Fig. 18,5). Higher concentrations. of 
FPL 55712, in addition to further depressing the amplitude 


and duration of the prolonged phase, inhibited to some 
extent the initial phase of the antigen-induced contraction 
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Fig. 1 Effect of, A, diphenhydramine, and B, FPL 55712, on 
the response of sensitised guinea pig trachea to antigen. 4, Male 
Hartley guinea pigs (300-350 g) were passively sensitised by 
injecting 0.2 ml rabbit anti-dog albumin (Cappel Laboratories, 
Cochranville, Pennsylvania, 2 mg antibody protein ml~™) intra- 
peritoneally (i.p.) 12-16 h before use. After the animals were - 
killed (pentobarbital, 90 mg kg~™ i.p.), the tracheas were re- 
moved and cut into rings 2 mm wide. These were tied together to 
form a chain and placed in a 37°C organ bath containing 
Tyrode’s solution bubbled with 95° O,-5°% CO.. Three chains 
of three rings each were constructed from each trachea and 
were studied simultaneously. Airway tissue contractions were 
measured with Grass FTO3C force-displacement transducers and 
recorded on a Grass Model 7 polygraph. After the initial tension 
was adjusted (1 g), the tissue was washed and treated with 
several doses of methacholine (2.5 x 108 M), until a consistent 
response was established. This dose of methacholine produced a 
contraction of the guinea pig airway tissue approximately equi- 
valent to 75% of maximum, defined in our experiments as the 
response to 10~* M methacholine. Amplifier gain was adjusted 
to give equivalent recorded contraction amplitude for each chain 
to the test dose of methacholine. The tissue was then washed and 
incubated for 10 min with diphenhydramine (b, 10-7. M; e, 
10~° M). a, Untreated control tissue. Dog albumin (10~* g mi~) 
was added to each bath at the arrow. Control response to antigen 
was equivalent to 56% maximum contraction. Diphenhydramine 
produced a delay in onset of response to antigen (100° greater 


than control for 10-7 M, 200% for 107° M) and a decrease in. . 


initial rate of contraction. Duration of response (120 min) was 
unaffected. B, Tissue preparation as A, except that tracheal 
rings were incubated with FPL 55712 for 10 min (b, 2x 107% 
g mim; c, 2x10 g mi). a, Control response of untreated 
tissue. Dog albumin (10~* g ml ~?) was added to each of the baths _ 
at the arrow. Control response to antigen was equivalent to 60%% 
maximum contraction. In contrast to antihistamine (A), FPL 
55712 decreased duration of response to antigen by 85°% (2 x 1078 . 
g min!) and 95% (2x10 g mi). Control duration was 110 
min. Decrease in amplitude of early phase of response (c) was a 
result of antihistamine-like properties of FPL 55712. 
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Fig. 2 Effect of diphenhydramine in combination with FPL 
55712 on sensitised human airways response to antigen. Human 
bronchial tissue, obtained from a patient undergoing surgery, 
was passively sensitised by incubating overnight at 25°C with 
serum from a ragweed allergic subject (1:40 dilution in a balanced 
salt solution). Serial circumferential subsegmental bronchial 
strips were suspended in organ baths containing Krebs—Henseleit 
solution, bubbled with 95% O5% CO, and maintained at 

37 °C. Tissue contractions were measured as described in Fig. 1. 

After a consistent response to methacholine (2.5 x 107 M) was 

established and amplifier gain was adjusted to give equivalent 

recorded contractions to the test dose of methacholine, the 
tissue was washed and the bronchial strip depicted in b was 
incubated with diphenhydramine (10° M) combined with 

FPL 55712 (10° g mi~) for 10 min. a, Control response of 

untreated tissue. Antigen E (5x 1077 g mi~) was added to each 

of the baths at the arrow. Control response to antigen was 
equivalent to 84% maximum contraction. Combination of 
antagonists produced delay in onset of response, decrease in 

amplitude of early and prolonged phases of contraction and a 

decrease in duration. Control response duration was 150 min. 
(Fig. 1B,c). This effect is a attributable to the reported**‘ 
antihistamine activity of FPL 55712. FPL 55712 added 
during the prolonged phase of antigen-induced contraction 
of guinea pig or human airway tissue reversed the re- 
sponse, the dose required being somewhat higher than 
that effective in pretreatment. 

Diphenhydramine (10°°M) in combination with FPL 
$5712 (10 g ml’) administered before the antigen regularly 
reduced both the amplitude and duration of the antigen- 
induced contraction to less than 30% of control, with 
complete blockade frequently being observed. Figure 2 
shows the effect of pretreatment with both diphenhydra- 
mine and FPL 55712 on the response of human bronchial 
tissue to antigen, The extent of inhibition by this combina- 
tion of antagonists depended on the relative amplitude 
of the contraction. 

These data represent the first clear evidence that both 
histamine and SRS-A contribute to antigen-induced 
contraction of sensitised airway tissue and have important 
implications for the pharmacological control of human 
asthma. Histamine is primarily involved in the early 
phase of the response, commencing 1-2 min following the 
administration of antigen. This is the period most 
frequently examined in screening drugs by antigen broncho- 
provocation in man. The effect of histamine was par- 
ticularly obvious in the pattern of contraction of guinea 
pig trachea, where the response frequently showed two 
amplitude maxima, one occurring within 3 min of antigen 
administration and the other occurring after about 10 min. 
Pretreatment with diphenhydramine selectively abolished 
the early contraction maximum without altering the 
amplitude or duration of the later phase of the response. 
Maximal inhibition of the early phase of the response 
required about 10° M diphenhydramine. From data on 
the antagonism of exogenous histamine it seems that the 
mean effective tissue concentration of histamine in the 
region of the smooth muscle cells must be quite high, 
probably approaching 10° M. 

SRS-A seems to contribute to the later, prolonged phase 
of the airway response to the antigen, since this phase 
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is effectively antagonised by FPL 55712 but not by 
diphenhydramine. The dosages of FPL 55712 required 
to produce a maximal effect were considerably higher 
than those reported by Augstein? or Orange* to inhibit 
SRS-A-induced contraction of guinea pig ileum. This 
is not surprising since, like that of histamine, the tissue 
concentration of SRS-A following antigen treatment must 
be many orders of magnitude higher than that achieved 
by the addition of exogenous SRS-A to an organ bath. 
Whether other mediators contribute to the response or 
modulate the airways reactions to histamine or SRS-A 
is not yet clear, but it seems evident that pharmacological 
control of human airways reactions in vivo will require 
either a drug which inhibits the release of multiple 
mediators or a combination of specific antagonists. 

We thank Deborah Wolff for technical assistance. FPL 
55712 was kindly provided by Fisons Ltd. This work was 
supported by grants from the United States National 
Institutes of Health. 
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RANA E A N LA RE TER EL TSE ERR OTT IN NE CORRE 


An octopaminergic neurone modulates 
neuromuscular transmission in the locust 


OCTOPAMINE, a biogenic amine, occurs widely in the ner- 
vous systems of vertebrates and invertebrates'™’. It has been 
found in single neurones in the central nervous system 
of the marine mollusc, Aplysia’ and also in peripheral 
neurosecretory neurones in the lobster?’ from which a 
calcium-dependent release of octopamine has been demon- 
strated™*. Specific octopamine receptors’ and octopamine 
activated adenylate cyclases’® have also been found in 
invertebrate nervous tissue. This has led to the suggestion 
of a neurotransmitter role for octopamine in inverte- 
brates’. In the absence, however, of an example in which 
the effect of stimulating an identified octopamine contain- 
ing neurone on its identified target or end organ is known, 
the true function of octopamine remains obscure. This 
paper aims to demonstrate that octopamine is the neuro- 
transmitter of a single identified neurone in the locust 
Schistocerca americana gregaria. This neurone, which is 
shown to contain octopamine, innervates a muscle where 
it functions as a neuromodulator by potentiating the synap- 
tic potential and tension produced by an identified 
motoneurone, That this function is mediated by the release 
of octopamine on stimulation is supported by the action of 
exogenously applied octopamine. 

The extensor-tibiae muscle of the locust hind leg is a 
large and powerful muscle used in walking, kicking and 
jumping. It is innervated by three motoneurones™™™ whose 
axons are contained in the extensor-tibiae nerve. They are 
the fast and the slow extensor motoneurones (FETi and 
SETi) and an inhibitory motoneurone which imnervates 
many muscles and has, therefore, been called the common 
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inhibitor (CD. These neurones are paired and so there are 

six identified motoneurones controlling the paired (left and 

right) extensor muscles. Their cell bodies lie in known 

positions in the metathoracic ganglion (Fig. 1a). The muscle 

also receives a fourth axon" belonging to a single unpaired 
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Fig. 1 The experimental arrangement and the identification of 
DUMETi a, Recording (R) and stimulating (S) sites referred to 
here and in Fig. 3. @, Positions of the neurone cell bodies in the 
locust methathoracic ganglion which have axons in the extensor 
tibiae nerve. Independent stimulation of each axon in the extensor 
nerve was achieved as follows, The DUM axon was stimulated 
either by passing current into the soma of DUMETi (S3) or by 
antidromic stimulation of the left extensor nerve (S1). Selective 
stimulation of the axon of the slow extensor motoneurone (SET) 
in a branch of nerve 3 (S2) which contains both its axon and that 
of the common inhibitory motoneurone (C1) is achieved by the 
relatively larger diameter of the former which gives it a lower 
threshold to extracellular stimulation. The common inhibitory 
motoneurone was stimulated in a branch of nerve 3 (S4) which 
contains its axon but lacks other axons which project to the 
extensor muscle. Muscle tension is monitored almost isometric- 
ally with a tension transducer placed on the muscle tendon (R4). 
b, Spikes initiated in the soma of DUMETi (R.1/S3) are trans- 
mitted 1:1 to both left and right extensor nerves. This distin- 
guishes the DUMETi neurone soma from those of other DUM 
cells. c, The oscilloscope is triggered several times by spikes 
recorded in the soma of DUMETI, note that spikes on the left 
(R2) and right (R3) axons superimpose. The difference in 
absolute latency between spikes recorded left and right is caused 
by a difference in the distance from the soma of sites R2 and R3. 
d, The soma spike can be initiated antidromically by stimulating 
either left or right extensor nerves. If the soma is hyperpolayised, 
the active soma spike fails to initiate in response to antidromic 
stimulation (R1, lower trace). The smaller positive potential seen 
in the soma is a recording of the axon spike conducted passively 
from its site of initiation. 
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neurone with its cell body among a group of similar un- 
paired neurones in the dorso-medial region of the meta- 
thoracic ganglion’’’*. They are called Dorsal Unpaired 
Median or DUM neurones and the one which innervates the 
extensor-tibiae muscle is known as DUMETi". 

The DUM cells stain selectively with the dye neutral red 
(Fig. 2), a dye known to stain monoamine-containing 
neurones in the leech” and lobster nervous systems™". This 
finding, together with the observation that tissue removed 
from the dorsal part of the locust metathoracic ganglion, 
possibly containing DUMETi, is capable of octopamine syn- 
thesis from tyrosine”, directed our attention towards the 
identification of a biogenic amine, possibly octopamine, as 
a neurotransmitter for DUMETi. We identified the 
DUMETi neurone by intracellular recording (Fig. 1 b-e) 
in 50 animals. The soma was removed, cleaned of 
adhering pigment cells and other tissue and transferred to 
a microtube containing 101 of 0.01M formic acid. Five 
assays were performed on pools each containing 10 identi- 
fied DUMETi cell bodies. Octopamine was assayed by a 
modification (P.D.E. in preparation) of the standard radio- 
enzymatic assay™ which detected as little as 10\pg of DL- 
octopamine. The identity of the assay products was checked 
by several chromatographic and electrophoretic techniques’. 
The mean amount of octopamine found per DUMETi soma 
(+s.e.m.) was 0.10+0.02 pmol. Control assays performed 
on pools of up to 37 fast extensor motoneurone cell bodies 
gave no detectable octopamine. The minimum concentra- 
tion ratio between the two neuronal types is therefore 
800 : 1. Octopamine was also detected in pieces of extensor 
nerve which contained the axon of DUMETi but was un- 
detectable in pieces of the same nerve which on physiolo- 
gical evidence were known to contain only the axons of 
the slow extensor and common inhibitor motoneurones. Of 
the neurones innervating the extensor muscle, therefore, 
only DUMETi contains octopamine. Octopamine is about 
four times more concentrated in the axon of DUMETi than 
in its soma. 

We were first alerted to the possibility that DUMETi is 


Fig. 2 A dorsal view of a locust metathoracic ganglion showing 
the medial group of cell bodies stained with the dye neutral red 
(0.01 mg ml in isotonic locust saline for 3 h at room temperature). 
The group contains two quite distinct size classes, large (L) and 
small (S) cells. The soma of the DUMETiI neurone is a member 
of the group of large cells. The organisation of the group is 
variable, the soma of DUMETi can be found anywhere among 
the group of large cells. Compare ganglion outline with Fig. la. 
A, Anterior; P, posterior. Scale bar, 100 um. 
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Fig. 3 a, The effect of stimulating DUMETi on extensor muscle 
tension generated by the slow extensor motoneurone. The time 
base is expanded below to show the individual twitches of the 
muscle (R4), the soma spikes (R1) and axon spikes (R2) of 
DUMETI. The slow motoneurone was stimulated at 10 Hz. Note 
the slow potentiation and long lasting effect of DUMETi on 
tension. b, The effect of stimulating DUMETi on EPSP amplitude 
(R5). DUMETi is stimulated antidromically (S1) at 20 Hz. At 
this frequency the soma spikes are unable to follow 1: 1 and fail to 
initiate at all after the first few seconds of stimulation. A few 
soma spikes can be seen during the initial seconds of stimulation 
(R1); subsequently only the smaller axon spike is recorded in the 
soma. c, The effect of 10-*M pi-octopamine in saline on the EPSP 
(R5) and tension (R4) generated by stimulating the slow moto- 
neurone (S2). d, The oscilloscope is triggered by the stimulus 
delivered to the slow motoneurone (S2). Each EPSP (R5) prous 
a response in the tension transducer (R4). A series of six trig- 
gered sweeps about 5 s apart starting at the arrival of octopamine 
are shown. They show a graded increase in the EPSP amplitude 
and a graded increase in the tension. e, The effect of 10~* M octo- 
pamine in saline on the amplitude of IPSP (R5) elicited by stimu- 
lating the common inhibitory motoneurone. On the left a graded 
decline in the IPSP amplitude following superfusion with octo- 
pamine and on the right there is a graded recovery of the IPSP 
amplitude when the octopamine solution is replaced with saline. 
The oscilloscope is triggered by the stimulus delivered to the 
common inhibitor axon (S4) and five sweeps about 5 s apart are 
superimposed. 


involved in synaptic modulation by our observation that 
the tension generated by the slow extensor motoneurone 
was potentiated by DUMETi stimulation (Fig. 3a) (M.O. 
and P.D.E. in preparation). The only mechanical effect 
of stimulating DUMETi alone is a small decrease in basal 
tonus. Exogenously applied octopamine enhances the ten- 
sion evoked in the extensor muscle by the slow motoneurone 
(Fig. 3c) and this effect is blocked by the a-adrenergic 
blocking agent, phentolamine. The increase in tension 
(<30%) is accompanied by a facilitation of the EPSP 
evoked by the slow motoneurone (Fig. 35-d). In contrast, 
the IPSP elicited by stimulating the common inhibitory 
motoneurone is depressed by low concentrations of octo- 
pamine (Fig. 3e). These effects have a prolonged time 
course of many seconds. We could detect no effect of 
octopamine on the response of the muscle to stimulating 
the fast motoneurone. 

We do not yet know the site of action or the mechanism 
of the synaptic modulation by octopamine. OctopApine 
could act on the postsynaptic muscle membrane or on the 
presynaptic terminals of the slow extensor and common in- 
hibitory motoneurones and several mechanisms could 
mediate the effects shown here. Our demonstration, how- 
ever, that octopamine can enhance excitation and depress 
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inhibitory neuromuscular synaptic transmission supports 

the growing evidence that amines have widespread modu- 

latory roles”, 
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Magnetic ferrofluids for preparation 
of magnetic polymers and 
their application in affinity chromatography 


THE use of magnetic polymers as supports for biological 
molecules has created much interest’. The inherent 
advantages of such preparations are, in particular, the ease 
of recovery of these polymers by applying a magnetic field. 
Thus, when used as supports for immobilised enzymes, their 
easy retrieval from liquors containing colloids or undis- 
solved solids should be of great practical value’, Magnetic 
polymers have recently been tested as an alternative to 
conventional radioimmunoassay technique, obviating the 
need for vertical rotation and for the time-consuming, 
multiple centrifugations required with conventional solid 
phase procedures’. In the established techniques for 
producing magnetic polymer particles, the attachment of 
the biomolecules had to follow the preparation of the 
specific magnetic material; furthermore most of these 
preparations have been non-porous, exhibiting rather poor 
capacity. We describe here a novel and general procedure 
using magnetic fluids which allows ‘post-magnetisation’ of 
polymers already substituted with biological molecules. The 
properties of such preparations have been tested primarily 
as affinity chromatography gels. These preparations showed 
unaltered biospecificity when applied in general ligand- 
affinity chromatography studies. The simplified separation 
possible due to the magnetic properties of the gels eliminates 
the usual centrifugation and column chromatography steps. 
The procedure of ‘post-magnetisation’ seems to be suitable 
for different polymer particles, both unsubstituted gels and 
those carrying immobilised ligands as affinity adsorbents or 
enzymes. 

The basic new principle in the procedure described here 
is the use of magnetic fluids. These can be characterised as 
fluids consisting of ultramicroscopic particles (~100 A) of 
oxides. These are stabilised by a coating, typically 25-A 
thick, preventing their sticking together in a magnetic 
field. Random collisions (Brownian motion) with the carrier 
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liquid’s molecules keep the particles in colloidal suspension 
and are additionally stabilised by physicochemical means. 
In the following, ferrofluids, that is, those containing 
ferrite particles, have been used and with either water or 
hydrocarbon as the carrier. They behave like true homo- 
geneous fluids, yet are highly susceptible to magnetic fields. 

One gram of moist 5’-AMP- (or 2’, 5’-ADP) -Sepharose 
4B (Pharmacia) which was previously swollen in 0.1M 
sodium phosphate buffer pH 7.5, and washed with H:O 
was packed in a column. Subsequently 6.5 ml of ferrofluid 
(base, H:O; magnetic saturation, 200G; trademark A05, 
from Ferrofluidics Corporation, Burlington, Mass.) were 
pumped through the column and cycled for 4h at a flow 
rate of 50mlh (usually at room temperature). After 
washing with 11 of H:O, on glass filter, incubation over- 
night at 4°C with 100mg of bovine serum albumin in 
0.1 M Tris-HCI buffer pH 7.6, 5mM in EDTA and 1 mM 2- 
mercaptoethanol was carried out, followed by washing with 
200 ml 1M NaCl and 200 ml of the same buffer. The dark 
brown gel beads were then magnetic and ready for use 
(Some enzymes tested are slowly inactivated, for reasons 
at present not yet definitely established, unless albumin 
treatment is carried out.) 

When applying ferrofluids with a hydrocarbon as a base, 
an alternative procedure also involving albumin treatment 
was applied. The hydrocarbon-based ferrofluid (hydro- 
carbon; trademark HOI, magnetic saturation: 200G) was 
circulated through the bed containing beads previously 
treated with solutions of gradually changing composition 
going from water to acetone. After the ferrofluid treatment 
the beads were filtered on a glass filter and washed with 
acetone. This was followed by successive washing with 
different solvent mixtures in the sequence: acetone, acetone- 
cyclohexane, cyclohexane, cyclohexane~acetone, acetone, 
water and finally buffer. To further increase the magnetic 
properties of the latter preparations they were treated once 
more before the final acetone washing. No differences in 
the affinity behaviour of the two types of preparations were 
noticed. | 

Whether the ferrite particles simply adsorb to the gel or 
precipitate out in the interior of the beads remains to be 
established. (In this context it should be noted that entrap- 
ment of ferrofluid within the lattice of polyacrylamide can 
easily be accomplished.) In any case, the magnetic properties 
of the gel remain unchanged after extensive washing with 
buffer (even washing with, for example, ethanol or 40% 
ethylene glycol did not remove the ferrite particles) and 
repeated use in magnetic fields; they are strong enough to 
allow rapid sedimentation even when applying weak 
permanent magnets. 

To establish the usefulness of the magnetic Sepharose 
beads for affinity chromatography, we had to establish 
whether the biospecificity of the immobilised ligands 
remained unchanged, and to investigate the capacity of the 
gels. To study the former aspect, beef heart lactate de- 
hydrogenase was chosen as model enzyme and applied to 
magnetised 5’-AMP--Sepharose 4B. As expected it bound to 
the 5’-AMP-~gel, known to be specific for NAD*-dependent 
enzymes, and could subsequently be eluted quantitatively 
with 1 mM NADH (Fig. la). In contrast the NADP*- 
dependent enzyme 6-phosphogluconate dehydrogenase, 
chosen as reference, showed no affinity for the gel, which is 
in accord with previous findings using non-magnetised 
preparations of this general ligand®. Conversely, lactate 
dehydrogenase would not bind to 2’, 5’°-ADP, known to be 
specific for NADP*t-dependent enzymes, in contrast to 
6-phosphogluconate dehydrogenase, which bound and 
could be subsequently eluted with 1 mM NADPH (Fig. 1b). 

To further investigate the usefulness of the magnetic 
affinity material prepared. isozyme separation of horse liver 
alcohol dehydrogenase was attempted. On applying a 
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Fig. 1 a, To 0.4 g of moist magnetic 5’-AMP-Sepharose 4B (ferro- 
fluid H,O) were added 118 units (0.36 mg) of lactate dehydrogenase 
(from beef heart) or 4.5 units of phosphogluconate dehydro- 
genase (0.8 mg) from yeast in 2 ml of 0.1 M Tris-HCl, pH 7.6 
containing 5mM EDTA and 1 mM 2-mercaptoethanol. After 
incubation for 30 min on a rocking table (alternatively the gel 
could be kept suspended through a magnet kept at the outside 
of a rotating glass tube), the gel was settled in a beaker by apply- 
ing at the outside a cylinder-formed permanent magnet witha pull 
of approximately 5 kg. After removal of the ‘supernatant’ from the 
gel (batch no. 1), the latter was washed 15 min in 4 x 10 ml of the 
incubation buffer (batch nos 2-5). Elution of the affinity-bound 
enzyme was achieved by incubation for 15 min in 10 ml of 1 mM 
NADH in the buffer. All experimental manipulations were 
carried out at 4°C and enzymes assayed as described earlier"; 
batch no. on the abscissa refers to the number of successive 
washings and elution carried out with one affinity gel prepara- 
tion. b, To 0.4g of moist magnetic 2’,5’-ADP-Sepharose 4B 
(ferrofluid, hydrocarbon) were added, as above, either lactate 
dehydrogenase or 6-phosphogluconate dehydrogenase. The 
experimental procedures were as for (a) except for the use of 
i mM NADPH. 


mixture of the three isozyme forms EE, ES, and SS to 
magnetised 5’-AMP-Sepharose 4B, we found that they 
would adsorb to the gel. Afterwards a pulse of NAD’ plus 
cholic acid eluted primarily the steroid active isozyme SS. 
With a subsequent application of NADH, the EE and ES 
forms were eluted, which is in analogy to previous findings’. 
It was found that the ratio of ethanol to steroid (5£- 
dihydrotestosterone) activity in the fractions eluted with 
NAD* plus cholic acid showed, after only one batch treat- 
ment, the low value of 1.3; this compares with 1.1 found for 
completely pure SS isozyme. (The applied mixture had a 
ratio of 7.) Clearly the elution technique used previously, 
which leads to purification of the SS isozyme, is applicable 
also to the magnetic polymer particles’. 

Finally, a magnetised 5’-AMP-Sepharose 4B preparation 
was used for the purification of horse liver alcohol dehydro- 
genase from crude extracts’. As shown in Table 1, alcohol 
dehydrogenase of high specific activity was obtained in one 
step. The enzyme was almost pure as judged from sodium 
dodecylsulphate-gel electrophoresis. The procedure com- 
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Table 1 Purification of horse liver alcohol dehydrogenase by magnetic 
‘general ligand-affinity chromatography’ in one step 


Specific — Capacity 
Step activity Purification (mg of protein 
(U mg- (n-fold) per g moist gel) 
Crude extract 0.08 1 
Magnetic 1.70 21 0.7 
5’-A MP-Sepharose 4 B 
5’-AMP-Sepharose 4B 1.98 25 1.5 





A crude extract of horse liver was prepared as previously de- 
scribed’ with a protein concentration of 46.4 mg mi“. A large excess 
of protein (100-200 mg) in relation to Ig of magnetic moist 
5’-AMP (ferrofluid hydrocarbon)-Sepharose present in a beaker 
was applied. After incubation for 60 min on a rocking table, the 
gel was settled in a magnetic field and the ‘supernatant’ removed. 
Before elution of the affinity-bound enzyme, the gel was washed 
extensively with 0.1 M sodium phosphate buffer, pH 7.5 followed by 
a wash for 15 min in 0.1 mM NAD? (4 ml) and the above buffer 
(3x10 ml. The enzyme was then eluted by addition to the gel of 
3 ml of 0.1 mM NAD* +5 mM pyrazole in the above buffer (30 min, 
4 °C). The lower set of values refers to a parallel run using identical 
amounts of non-magnetic affinity gel. 


pared well with a blank run using non-magnetised 5’-AMP~ 
Sepharose 4B, also in batch-fashion; only the capacity of the 
gel was diminished to about half. But its value of 0.7 mg of 
enzyme per g of moist gel is high when compared with some 
of the magnetic gels prepared in the beginning of this study 
following conventional approaches as entrapment of FeO, 
particles inside gels. 

A further advantage of the use of magnetic polymers in 
affinity chromatography lies in the fact that it allows a rapid 
‘pick-up’ of molecules from colloidal solutions or those 
containing cell debris. Such quick retrieval would be most 
difficult or impossible to accomplish by conventional 
purification methods. This advantage seems to be of 
particular value if a rapid isolation of labile enzymes or 
enzyme complexes after their liberation from the cell is 
required. It is likely that once the enzyme is affinity- 
adsorbed within the pores of a gel, it is more protected, for 
example, against proteolytic enzymes. To test the ease of 
enzyme isolation, the following model experiment was 
carried out: horse liver was quickly ground and immediately 
thereafter magnetic 5’-AMP-—Sepharose beads were added 
to the homogenate. After incubation, the cell debris was 
decanted by keeping the gel particles at the bottom of the 
beaker through a permanent magnet placed at the outside. 
After several batch-washings, alcohol dehydrogenase was 
ready to be eluted in NAD* plus pyrazole. Although the 
enzyme obtained showed lower specific activity (0.65 units 
mg‘) than that given in Table 1, it clearly demonstrates the 
potential of the procedure. 

Thus the simple technique applied here for the ‘post- 
magnetisation’ of pre-formed polymers already substituted 
with ligands has been shown not to alter the affinity pro- 
perties of the polymers tested. This technique has also been 
applied successfully to unsubstituted gels such as Sepharose 
4B or Sepharose Cl 6B. In addition, magnetic enzyme- 
bearing polymers were prepared applying the procedure 
described. Using trypsin as model enzyme, magnetic 
Sepharose-trypsin preparations were cbtained with equiv- 
alent specific activities relative to soluble enzyme, as found 
with normal Sepharose-coupled trypsin preparations. In a 
typical experiment 5 mg of trypsin (bovine pancreas, Sigma 
type HT) were allowed to couple to Ig of moist Sepharose 
4B activated by the CNBr procedure". After washing, the 
Sepharose-trypsin preparation was treated for 4h at 4 °C 
with 6 ml of ferrofluid (H:O as base) in analogous manner 
to the procedure given. 

Alternatively, the Sepharose beads were first magnetised 
and then underwent CNBr activation and trypsin coupling. 
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The latter preparation showed higher specific activity 
(relative to soluble enzyme) compared with the former (30% 
compared with 20%) but was somewhat less magnetic. 

It seems that the magnetisation procedure described here 
using magnetic fluids will be of general interest, since in 
addition these fluids are also relatively inexpensive. We have 
demonstrated here the usefulness of the procedure for the 
preparation of suitable magnetic-affinity chromatography 
systems and for the preparation of magnetic enzyme-bearing 
polymers, the latter with potential in the area of ‘enzyme 
technology. One can envisage other areas in which similarly 
prepared magnetic biomolecule-polymer complexes may 
find application, for instance as components of immuno- 
assay systems; similarly magnetic carrier systems for 
‘targeting of drugs’ could be designed carrying drugs, 
enzymes or other molecules of therapeutic value, which 
through a magnetic field can be brought to the desired site 
of action. In contrast to previous methods of preparing 
magnetic particles whereby in order to obtain the required 
magnetic properties one is forced into a choice of particular 
polymer, magnetic particle or procedure (often at the 
expense of other desired properties as porosity), such con- 
siderations are not involved in the simple procedure given 
here. 

We thank Mr Fritiof Karlsen-Svensson and Miss Ulla 
Jeppsson for technical assistance and Drs Ann-Christin 
Koch-Schmidt and Bengt Danielsson for valuable help and 
discussions. 
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Differential labelling of 
a and B-noradrenergic receptors in calf 


cerebellum membranes with 7H-adrenaline 
B-NORADRENERGIC receptor detection with radiolabelled 
catecholamines has been hampered by binding of catecholamines 
to other sites':*, Lefkowitz and Williams’ described binding of 
a synthetic catecholamine *H~-hydroxybenzylisoprenaline to 
B-noradrenergic receptors on frog red blood cell membranes. 
Using procedures to prevent metabolism and nonspecific 
binding, we identified binding of *H-adrenaline to a-nora- 
drenergic receptor sites in brain membranes'*. We report here 
the labelling of B-noradrenergic receptors in membranes of the 
calf cerebellum with *H-adrenaline. 

Homogenates of fresh or frozen calf cerebellar cortex were 
prepared as described previously*. Triplicate incubation tubes 
received 20 ul of diluted *H-adrenaline (pL-7, "HON -epinephrine 
L-bitartrate, 11 Ci mmol~!, New England Nuclear) to give a 
final concentration of 10 nM *H-adrenaline, 10 yl of various 
concentrations of drugs, 20 ui of a solution containing 50 mM 
pyrocatechol, 5mM disodium EDTA and 0.5 mM dithiothreitol, 
and 0.94 ml of tissue suspension. [n B-receptor binding experi- 
ments, a-receptor binding was eliminated by the inclusion of 
1.0 uM phentolamine in incubation solutions. Conversely, in 
included to abolish B-receptor binding of ®H-adrenaline. 
*H-Adrenaline and all other drugs were made up in 0.1% 
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ascorbic acid. The tubes were incubated at 25 °C for 60 min, and 
than rapidly filtered under vacuum through Whatman GF/B 
filters presoaked in 1 mM pyrocatechol. The filters were rinsed 
with 16 mi of ice-cold 50 mM Tris-HCI buffer containing | mM 
pyrocatechol and 0.1% ascorbic acid, and were subsequently 
counted by liquid scintillation spectrometry in 10 ml Formula 
947 (New England Nuclear) at 37°% efficiency. 

Saturable or specific binding of *H-adrenaline to a-receptors 
was measured in the presence of 1.0 uM (-:)-propranolol, as 
the excess over blanks which included 1.0 uM oxymetazoline. 
Saturable or specific B-receptor *H-adrenaline binding was 
measured, in the presence of 1.0 M phentolamine, as the excess 
experiments have demonstrated that after incubation of 
4H-adrenaline with calf brain membranes for 60 min at 25 °C in 
the conditions mentioned here, radioactivity eluted from the 
membrane pellet and radioactivity in the supernatant was 
essentially identical to cochromatographed stock *®H-~-adrena- 
line®. 

In the presence of 144M phentolamine, specific binding of 
*"H-adrenaline to calf cerebellar membrances was saturable 
(Fig. 1). Scatchard analysis revealed a single population of 
binding sites, with a dissociation constant (Kp) of 31 nM. The 
specificity of “"H-adrenaline binding in the presence of [uM 
phentolamine fulfilled characteristics expected of B-nor- 
adrenergic receptors. Of the principal catecholamines, (~- )-iso- 
prenaline was most potent in combeting for binding (K,=1.9 
nM), exceeding the potencies of (~)-adrenaline and (—~ }-nor- 
adrenaline by ten- and 100-fold respectively (Table 1). The 
10-fold greater potency of adrenaline than of noradrenaline 
indicated that in calf cerebellar membranes, *H-adrenaline 
binding was associated with B, receptors. Binding of *H-adren- 
alime in the presence of 1 uM phentolamine was stereospecific, 


Fig. 1 Specific *H-adrenaline binding to a- and fi-receptors as 
a function of increasing concentrations of *H-adrenaline. Calf 
cerebellar homogenates (20 mg original wet weight of tissue) 
incubated for 60 min at 25 °C as described in the text, with 
various concentrations of ®H-adrenaline. a, Binding to a-re- 
ceptors, measured in the presence of 1.0 uM (--)-propranolol. 
Specific binding was that displaceable by 1.0 :4M oxymetazo- 
line. b, Binding to B-receptors, measured in the presence of 1.0 
uM phentolamine. Specific binding was that dissisceabie by 
LO uM (+)-propranolol. In each case, specific binding was 
defined as the difference between total and nonspecific. Points 
shown are those obtained in a single experiment, performed in 
triplicate, which was replicated three times. Inset. Scatchard 
plots, showing Kp values of 5 nM at a-receptors, and 31 nM at 
B-receptors. Specific binding of *H-adrenaline to a-receptors at 
a concentration of 70 nM was not significantly different from 
that obtained at 40 nM %H-adrenaline, and is not shown in the 
concentration-binding curve, but is included in the Scatchard 





plot. 
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with (--)-catecholamines being 30-150 times more potent than 
the corresponding (--)-catecholamines. Affinities of other 
B-agonists paralleled their known pharmacological potencies 
and affinities for sites labelled by radioactive B-antagonists®. 
8-Noradrenergic antagonists competed potently and stereo- 
specifically, with (~—)-propranolol and (— )-alprenolol display- 
ing apparent K, values of 2-3 nM. Dichloroisoprenaline, 
(~-)-practolol and butoxamine, pharmacologically weaker 
B-antagonists’ were comparably weaker in competing for 
binding of *H-adrenaline. At concentrations as high as 10 uM, 
drugs active at a-noradrenergic receptor sites failed to influence 
the binding of *H-adrenaline, in the presence of 1 uM phento- 
lamine. 

In the presence of 1 pM (+)-propranolol, *H-adrenaline 
seemed to bind selectively to a-receptor sites on calf cerebellar 
membranes, as reported earlier with calf cerebral cortex‘? 
(Fig. 1, Table 1). In these conditions, the specific binding of 
3H-adrenaline was saturable with maximal binding occurring 
by 20 nM. Scatchard analysis indicated a single population of 
binding sites, with a Kp value of 5 nM, similar to that found in 
the cerebral cortex. Thus *H-adrenaline displayed about six 
times greater affinity for a- than for B-receptors. The substrate 
specificity of *H-adrenaline binding in the presence of pro- 
pranolol was as expected at a-receptor sites, with (—)-nor- 
adrenaline almost 100 times more potent than (— )-isoprenaline. 
The most potent catecholamine at apparent a-sites was 
(—)-adrenaline, with an affinity three times greater than 
(~—)-noradrenaline. The a-agonist clonidine, the partial 
agonists ergotamine and piperoxan, and the a-antagonists 
phentolamine and WB-4101 were potent competitors for the 
binding of *H-adrenaline in the presence of propranolol, with 
apparent K, values in the 1--20-nM range. In general, the 
affinities of a-receptor agonists and antagonists in competing 
for *H-adrenaline binding in the cerebellum in the presence of 
propranolol closely matched their affinities in competing for 
a-receptor binding by *H-adrenaline, *H-noradrenaline and 
3H-clonidine in calf cerebral cortex*® and rat brain*’. 
Specificity of the binding of *H-adrenaline to a-receptors in 
the presence of propranolol was supported by the very weak 
influence of B-agonists and B-antagonists on this binding 
(Table 1). 

Kinetic studies were carried out to establish that the binding 
of *H-adrenaline to both a- and B-receptor components was 
reversible. Specific binding in the presence of propranolol 
showed the same characteristics of association and dissociation 
at 25°C as in the calf cerebral cortex. Dissociation was 
biphasic, with a ¢, of about 1.5 min, slightly faster than in the 
cortex. Seventy to eighty per cent of specific binding was dis- 
sociated after 10 min. Association of *%H-adrenaline to 
B-receptors (in the presence of phentolamine) was more rapid 
than to a-receptors; equilibrium binding, attained in 15 min, 
remained stable for 2 h. A standard incubation time of 60 min 
was chosen to parallel conditions for measuring binding to 
a-receptors. Dissociation caused by adding a large excess of 
propranolol was extremely rapid at 25 °C, with a 4, of about 
20 s, and complete dissociation after 2 min. 

In preliminary experiments, we failed to demonstrate binding 
of *H-adrenaline to B-receptor sites in several rat brain regions, 
or in non-cerebellar areas of the calf brain. The ability to label 
B-receptors with #H-adrenaline in calf cerebellum may be related 
to the greater density of B-noradrenergic receptors in this tissue 
detected by the binding of the P-antagonists, *H-dihydro- 
alprenolol and +**5I-hydroxybenzylpindolol (ref. 10 and our 
unpublished work), and to the observation that B-receptor 
sites in calf cerebellum are of the B, type, in which adrenaline is 
about 10 times more potent than noradrenaline. 

Binding studies with a variety of neurotransmitter receptors 
in the brain have revealed distinct differences between inter- 
actions ef agonists and antagonists*-, Most studies of 
B-receptors in various tissues have used only a radiolabelled 
antagonist. Evaluation of important questions of receptor 
functioning, such as desensitisation, requires studies of the 
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Table 1 Inhibition of *H-adrenaline binding to a-and 
B-noradrenergic receptors in calf cerebellum 


Drug K; at a-receptor K; at B-receptor 
. (nM) (nM) 
Catecholamines 
(~—)-Adrenaline 2.4 21 
(-+ Adrenaline 580 
(--)-Noradrenaline 8 220 
(-+)-Noradrenaline 25,000 
(~ )-Isoprenaline 700 1.9 
(+ )}-Isoprenaline 280 
a~Agonists 
Clonidine 1.7 > 10,000 
Oxymetazoline > 10,000 
a-Partial agonists 
Ergotamine 6 > 10,000 
Piperoxan 13 
a-~Antagonists 
Phentolamine 1.3 > 10,000 
WB-4101 2) 
B-Agonists 
Cc 25 (Desmethyl 
hydroxybenzylisoprenaline) 4 
MJ 9184-1 (3-Methane- 
sulphonamido-N-benzyl- 
isoprenaline) 6 
Ce 34 25 
(Hydroxybenzylisoprenaline) 
Salbutamol > 100,000 
Terbutaline > 100,000 1,500 
p-Antagonists 
(--)-Propranolol 23,000 2.3 
(+ )}-Propranolol 8,000 60 
(--)}-Alprenolol 13,000 2.4 
(+ )-Alprenolol 7,000 23 
Dichloroisoprenaline 20,000 730 
(--)-Practolol > 100,000 7,300 
Butoxamine > 100,000 12,000 





less than 20%. 


direct binding of radiolabelled agonists. It is also desirable to 
label receptors with naturally-occurring transmitters or trans- 
mitter analogues. Accordingly, labelling B-receptors with 
’H-adrenaline may facilitate an evaluation of receptor pro- 
perties. Further studies now in progress show that in calf 
cerebellum the affinities of agonists are about 10-fold higher 
at sites labelled by *H-adrenaline than at sites labelled by 
3H-dihydroalprenolol, with the converse applying to antagonist 
affinities. These data suggest that a “two-state” model of 
receptor function may be applicable to the B-noradrenergic 
receptor as well as to the a-noradrenergic and other receptors 
in the central nervous system’, although the differences 
between receptor interactions of agonists and antagonists are 
less marked at B-receptors than at other transmitter receptors. 
The possibility of labelling both a- and B-receptors in the same 
tissue with the same *H-ligand may prove valuable in attempts 
to differentiate the properties of these two types of noradrenergic 
receptors. 
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Purine and pyrimidine mononucleotides 
depolarise neurones of 
explanted amphibian sympathetic ganglia 


ADENINE nucleotides and nucleosides have been proposed 
as neurotransmitters'*, in part based on their ability to 
inhibit spike activity in several peripheral“? and central*’*"* 
sites. Only one preliminary study’ has utilised intracellular 
recording to determine mechanisms of action of the purines 
in neurones. Because of their large size and simplified input- 
output relationships, neurones of sympathetic ganglia are 
a favourable model for intracellular recording. Although 
several studies have shown effects of ATP on peripheral 
ganglia’, none utilised intracellular recording nor checked 
specificity of responses with other purine and pyrimidine 


Fig. 1 Intracellular records of 


À ATP 5.10 m 
effects of mononucleotides on dane: 
neurones cultured from the 4 | 
8th-10th sympathetic ganglia of -38 
adult bullfrogs. Ganglia, cut into 
several pieces and placed on 
collagen coated coverslips, were 
cultured’ for 1-3 months at 22 °C .$ 
in the medium of McMahan and F UTP 5.10 `m 


Kuffler™, also containing 0.3% 
methocel, streptomycin 100 pg 
mi-, glutamine 0.8 mM, and 
usually, NGF 1 U mi~. Heavy 
baselines in records show mem- 
brane potential (small numbers at 
beginning of each trace mV). 
Light deflections below the base- 
line are responses to hyper- 
polarising constant current pulses 
of 0.05-1 nA and 200 ms duration, 
delivered through a Wheatstone 
bridge at 1Hz. Examples of 
individual responses to current at 
higher polygraph speed below 
panel e. Pulses of 200 ms were 
used since this surpasses by © 
50-100 ms the initial unstable 
rectifying period typical of sympa- 
thetic neurones. Light lines above 
baseline are local depolarising 
responses to termination of current 
pulses (anodal break), which can 
trigger spikes. Heavy line des- 
cending below baseline every 20 s 
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measures electrode resistance (1 MQ/I mV) by means of an RC c 
response to perfusion of ATP 5x 10°M, with production of anodal 
in pipette) by anodal current of 60 nA depolarises another neurone wit 
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nucleic acid components. Therefore, we examined the 
effects of several purine and pyrimidine derivatives by intra- 
cellular recording of bullfrog sympathetic neurones in 
explant cultures. Our findings show pronounced depolarisa- 
tions with the di- and triphosphoribo derivatives of several 
pyrimidine and purine bases, with the uridine nucleotides 
emerging as the most potent of all the compounds. 

We studied 182 sympathetic neurones, cultured from 
adult bullfrogs’ and impaled with glass micropipettes (3 M 
KCI or potassium acetate; 8-40 M& impedance) under 
Nomarski optics. Intracellular stimulation was carried out 
by a bridge method™ and current/voltage curves were con- 
structed with a PDP-12 computer. The neurones studied 
ranged in size from 24 to 85 um (long dimension) and 
displayed steady resting potentials of —35 to —58 mV with 
spike overshoots up to 30 mV or more. Drugs were applied 
by current-neutralised iontophoresis'’ or by rapid perfusion 
through a multiple valve system and a culture chamber 
with a volume of 0.3 ml. 

Prolonged depolarisation was the predominant response 
to all the nucleic acid components studied, whether applied 
by perfusion or iontophoresis (Fig. la, b, d and e). Occa- 
sionally (14 of 98 cells) a long hyperpolarising component 
followed the depolarisations (Fig. 1c). In general, for any 
one purine or pyrimidine, the di- and tri-phosphonucleotides 
were equipotent as depolarising agents and more potent 
than their 5’ monophosphonucleotides. The nucleosides 
guanosine, inosine and uridine and the heterocyclic bases 
guanine, adenine and uracyl were ineffective at concentra- 
tions up to 1-2.5 mM. Adenosine depolarised six of eleven 
neurones weakly at 2.5-5 mM. 

Of all nucleotides studied, 5’ uridine di- and triphosphate 
(UDP and UTP) were the most potent with thresholds for 
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ircuit/ramp-input separate from the bridge circuit. a, Depolarising 
break spikes. b, Extracellular iontophoresis of UDP (0.2 M pH 6-7 
h spiking. c, Another neurone: perfusion of UTP 5 » 


10°°M causes 


depolarisation followed by a long hyperpolarisation; both phases accompanied by increases in input resistance, as assessed by size of 
hyperpolarising responses to constant current pulses, and increases in anodal break responses. d, Dose-related depolarisations of one 


neurone to UTP. e, Another cell: UTP 5 >» 


10-*M depolarises cell with intense spiking; high speed excerpts taken from this record at times 


indicated by arrows show multiple anodal-break spikes and an increase in input resistance during depolarisation; bar below record indicates 

time for high speed records. f, Same cell as e: UTP causes anodal-break spiking even while membrane potential is held at resting level by 

injection of continuous hyperpolarising current; calibration bar in upper right corner applies to all records except high speed excerpts 
of panel e. 





depolarisation of about 10° to 5x 107° M; UTP 5x10°M 
produced depolarisations of 4-19 mV (mean= 10 mV; 
n=40). Dose-related responses are shown in Fig. ld. 
Thresholds for 5’ ATP and 5’ ADP were about 10°° to 
107° M; ATP 5xX10™°M depolarised an average of 5mV 
(n=26). Thymidine di- and triphosphate, guanosine di- and 
triphospate and inosine di- and triphosphate were roughly 
equipotent with ATP. The uridine nucleotides seemed most 
potent also when applied by iontophoresis, producing 
depolarisations up to 16 mV; ATP and ADP evoked smaller 
depolarisations (up to 10 mV) with similar currents. Adeno- 
sine by iontophoresis was ineffective. Of all the nucleotides 
tested by perfusion, only 5’ cytidine tri- and diphosphosphate 
were ineffective or only weakly active at 5X 10° M. Pyro- 
phosphate, 2’ deoxy-ATP, uridine disphosphoglucose, and 
p-ribose 5’ phosphate were largely ineffective at concentra- 
tions (Sx 10™° to 10°*M) which were maximally effective 
for the nucleotides, 

Both the depolarisations and the occasional ensuing 
hyperpolarisations were generally accompanied by an 
increase (47 out of 65 cells) or no measurable change in 
input resistance, as determined either by measuring res- 
ponses to hyperpolarising constant current pulses (Fig. le), 
or by comparing current/voltage curves (Fig. 2). Only five 
cells showed resistance decreases. Preliminary tests of 
voltage dependence showed that the size of the nucleotide 
depolarisation was inversely related to membrane potential 
(two cells) or was not affected (two cells) by changes in 
membrane potential from —70 to —6 mV. 

Changes in spike generation (produced by intracellular 
stimulation) also occurred during the nucleotide responses. 
Most commonly, thresholds for spiking decreased (Fig. la, 
5, d, e and f) during the initial phases of depolarisation 
(40 out of 69 cells), although occasionally thresholds 


Fig. 2 Changes in current/voltage relationships of cultured 
sympathetic neurone in response to ADP. Curves were generated 
on-line by PDP-12 computer (DEC) using a modified ADTAPE 
program and FOCAL programs which select and average five 
consecutive digital points in equivalent control and pulse periods 
(200 ms duration) for current and voltage. During the current 
pulse, points were only sampled after the membrane potential 
had reached a steady level, generally 120-150 ms after pulse 
initiation (see high speed pulse records of F ig. le); care was taken 
to avoid selection of points where spikes occurred. ©, Control 
period; @, peak of depolarisation to ADP 10-4M; X, peak of 
subsequent hyperpolarisation to ADP (see text). Increase in 
slopes of the latter two lines indicate increase in input resistance 
during both the 8 mV depolarisation and the 2.5 mV hyper- 
polarisation to ADP. Control input resistance = 16 MQ. 
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increased during the later phases. A pure increase in spike 
threshold occurred in 10 of the 69 cells. The nucleotide- 
evoked increases in resistance and spiking are not dependent 
on the depolarisations, since they are not diminished by 
holding the membrane potential at resting level with current 
during perfusion of the mononucleotide (Fig. 1f). Further, 
depolarising the membrane by current to the same level as 
evoked by the nucleotide had no equivalent effect on spiking 
and resistence. 

The mononucleotides act like the muscarinic cholinergic 
agent muscarine, which also depolarises cultured sympa- 
thetic neurones with increases in input resistance (G.R.S., 
D.L.G., A.L.P., and D.S.F. unpublished). The possibility 
that the nucleotides act by releasing endogenous acetyl- 
choline, however, seems unlikely, since total blockade of the 
muscarine response by high concentrations of atropine 
(3X 107° to 1.3x 107° M) has no effect on the responses to 
the uridine or adenine mononucleotides (six out of six cells). 
Perfusion with nicotine 2.5-5 x 107° M (eight cells), (-+)- 
tubocurare 1mM (four cells), or high Mg’* (10-20 mM), 
low Ca** (0.5-1 mM) concentrations (six cells) also has little 
effect on the nucleotide responses. The fact that local appli- 
cation of UTP, UDP, ATP and ADP by iontophoresis 
markedly depolarised neurones, also argues for a direct 
effect of the nucleotides. 

In preliminary studies, neither physostigmine (5 x 107° M), 
hexamethonium (0.5-2.5 mM), phentolamine (10~™* M) nor 
sotatol (1.5 107* M) altered responses to the nucleotides. 
Only quinidine (5 x 10°*) blocked the UTP or ATP responses. 
This antagonism is, however, relatively unspecific, since the 
effects of muscarine are also blocked. The nucleotide recep- 
tor is not equivalent to the adenosine receptor of brain*”, 
since in our preparation methyl xanthines (2.5 mM) do not 
antagonise, but in fact occasionally potentiate responses to 
the mononuleotides. This might indicate mediation of the 
response by intracellular cyclic nucleotides. Perfusion of 
high concentrations of either cyclic AMP (107°-107?’M), 
cyclic GMP (5X 107 M) or cyclic UMP (10° M), however, 
had only weak and variable effects on membrane potential, 
perhaps because of poor cell penetrability by the cyclic 
nucleotides. Finally, calcium chelation would not seem to 
be a factor in the nucleotide responses since such low 
effective concentrations of the nucleotides (1077-107 WD are 
not likely to stoichiometrically remove significant Ca** from 
the Ringer’s solution (containing 2 mM Ca"*), and since 
Ca** removal does not reduce the responses. 

The potent responses to several of the mononucleotides 
might indicate their function as neurotransmitters in so- 
called ‘purinergic’ nerves or as ‘co-transmitters’ which might 
be released with acetylcholine or noradrenaline from auto- 
nomic nerves. In our preparation, the generalised effective- 
ness of purine and pyrimidine mononucleotides suggests 
that the ‘purinergic’ label may be too restrictive, especially 
since the uridine nucleotides are the most potent. In the 
Torpedo electric organ cholinergic stimulation releases 
ATP  postjunctionally". Our results Suggest that such 
release could modulate or even mediate the response to a 
neurotransmitter. Indeed, responses to the nucleotides bear 
a strong resemblance to the ganglionic late slow excitatory 
postsynaptic potential, which is also atropine resistant. 
Preliminary results show that iontophoresis of UDP and 
UTP increases firing rates of several types of rat central 
neurones in situ (G.R.S. unpublished). Taken with the 
present finding of a potent depolarising action of uridine 
nucleotides in cultured sympathetic neurones, these results 
suggest that the uridine nucleotides warrant close scrutiny 
for their possible involvement in neurotransinission. 

We thank Amy Smith and Klaus Liebold for technical 
assistance and Odessa Colvin for secretarial skills. We are 
indebted to F. E. Bloom, R. Nicholl, S. Heinemann and 
J. Schulman for valuable discussions, D, S. Forman was 
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Sodium channels in nerve 
apparently have two conductance states 


THE inward sodium current underlying the nerve action potential 
is carried by discrete Na channels’ in the membrane which are 
gated in response to the membrane potential. A basic question in 
understanding the gating mechanism is whether the conductance 
of the channels has only two states, open and closed, or whether 
there are more states, with the channel conductance progressing 
from one level to another to give the variable membrane 
conductance observed in voltage-clamp experiments. The 
ensemble fluctuation measurements reported here are consistent 
with the simple interpretation that Na channels have only two 
principal conductance states, with conductances of 0 and 7.7 -+1 
pS (near zero membrane potential), and number approximately 
510 in the node of Ranvier of a 14pm diameter frog 
myelinated nerve fibre. Like stationary fluctuation analysis’, 
the experimental method described here can yield information 
about the size and kinetics of the single gating events in ionic 
channels, but is also applicable to non-stationary processes such 
as membrane conductances that activate or inactivate with time. 
I report here measurements of the mean Na current and the 
variance at various times after the start of a depolarising pulse, 
using an ensemble of successively evoked current transients. 
The preparation used was Rana temporaria, node of Ranvier; 
this is useful for fluctuation experiments because a stable voltage 
clamp with low background noise is readily obtained and because 
the number of Na channels is in a convenient range (< 10°). 
Experiments were carried out at 2 °C to maximise the ratio of 
current fluctuations to thermal noise amplitude, and the voltage 
clamp electronics included a provision for measuring the mem- 
brane capacitance and the passive resistances of the intact 
preparation, allowing the thermal noise background to be 
estimated reliably. Potassium currents were blocked with 
internal Cs and external tetraethylammonium ions, and linear 
leak subtraction was used. A set of 64-160 Na current transients 
was elicited by repetitively depolarising the membrane at intervals 
of 300-500 ms. From groups of eight successive current records, 
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Fig. 1 Ensemble variance calculation. a, Eight current records 
aligned with the start of the depolarising pulse (arrow). b, Resi- 
dual fluctuations from each record after subtracting the mean of 
eight. Node 8. c, Ensemble variance estimated from 72 records 
by the following process: the sum of the squares of the fluctua- 
tions was calculated for each time point; the resulting set of 
squared deviations was scaled and averaged with eight others; 
finally, the estimated background was subtracted. Each bar 
represents the mean of the resulting values at four adjacent time 
points. The smooth curve is the mean current record, scaled by 
a factor of —0.3 pA. Node 13. Bathing Ringer solution contained 
10 mM TEA-C1; cut internodes were in 110 mM CsCl, 10 mM 
NaCl. Current records low-pass filtered at 5 kHz (4 pole, 
Gaussian response) and digitised (12 bits, 256 samples per record) 
at 100 ps intervals; aperture time jitter was < 50 ns. The thermal 
noise background was calculated (equations 11-16 of ref. 6) for 
each current sample, using the measured values for the internode 
and seal resistances and making use of the instantaneous -V 
relation in estimating the membrane slope conductance. The 
peak value of the background component of the variance in c 
was 7 x 1077? A’. 


mean and variance records were calculated point-by-point using 
a procedure similar to conventional signal averaging (Fig. 1). 
Several of these variance records were in turn averaged, and the 
conductance-dependent contribution from thermal and instru- 
mental noise was calculated and subtracted, to yield an ensemble 
variance record. Figure te shows that the ensemble variance is 
proportional to the mean current at low conductance levels, but 
seems to saturate during the phase of high membrane 
conductance. 

The contribution to the variance from processes other than — 
channel gating was examined in several ways. First, the variance 
measured at Vo, the reversal potential for Na current, was found 
to be accounted for (within an uncertainty of 2x 1072? A?) by 
the calculated thermal noise background. Secondly, long term 
changes in the amplitude of Na current were monitored and 
were found to be <2°% after 160 depolarisations in the experi- 
ments reported here. Because the mean and variance were 
calculated from small groups of successive records, linear drifts 
of that magnitude would not contribute significantly to the 
variance. Finally, the functional relationship between the 
variance and mean current values provides a clue to the source 
of the fluctuations. Any process which perturbs the properties 
of all the channels in the membrane coherently (for example, 
temperature or voltage fluctuations) would probably result in 
current fluctuations with variance increasing with the square of 
the mean current. Fluctuations in the transport of ions through 
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open channels would also be expected to give a monotonically 
increasing variance with increasing membrane conductance. 
Instead, the variance saturates and even decreases at high 
membrane conductance (Fig. 2), suggesting that neither of these 
processes is the predominant source of the fluctuations. 

If the fluctuations were entirely due to Na channel gating, 
they could be interpreted on the basis of a simple open-closed 
scheme for the conductanee of each channel. Assuming that 
the Na current is carried by a homogeneous population of N 
channels which are gated in a Statistically independent fashion, 
the mean current J and the variance oj} would be given by? 


I = Npi 
oi = Np (1—p) i 
i = y (V~ Vy) 


where i is the current carried by a single channel, y is the single- 
channel conductance, V is the membrane potential and V, the 
reversal potential. The probability that a channel is in its open 
State is given by p, which is a function of both membrane 
potential and time. This theory assumes two conductance 
States but makes no assumption about the kinetics or voltage 
dependence of the gating process. A more specific theory based 
on the Hodgkin—Huxley equations would have p "h. 

The predictions of the two-state theory were tested in three 
ways. First, the relationship between / and o? was observed as 
p changes with time during each depolarisation. Plots of these 
quantities (Fig. 2) were fitted with the predicted quadratic 
function, and data obtained with different depolarisations of the 
same node could be fitted with the same value of N. Second, 
the voltage dependence of the single-channel current { was 
compared with the ‘instantaneous’ current~voltage relation of 
the membrane as determined by a voltage-jump experiment 
(Fig. 3). The values of / (estimated by curve fitting as in Fig. 2) 
represent either the single-channel current of the two-state 


Fig. 2 Variance plotted against the absolute value of mean 
current, with the time after the start of each depolarising pulse as 
the independent parameter. Points farthest from the origin corres- 
pond to the peak Na conductance. Depolarisations to —35 and 
5 mV (node 14) and 125 mV (node 8), all with —105 mV, 50 ms 
prepulse from holding potential of —80 mV. Theoretical curves 
drawn with N = §« 104; f= —0.7, ~—0.31, and 0.2 pA, 
respectively. 
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Fig.3 Comparison of single channel currents and instantaneous 

-V relation. Single channel currents from nodes ©, 8; ©, 12; 

A, 13; O, 14. Curve follows instantaneous current values (@) 

from node 8, measured at the potential indicated after a 2 ms 
prepulse to V, = 44 mV. 


scheme or a weighted average of the various current levels in a 
multiple state scheme?. The similarity in voltage dependence 
argues against multiple state schemes in which the distribution 
among states of different conductance is voltage dependent. 

Third, values of y were estimated under conditions which 
modify the peak Na conductance of the membrane. Pre-pulses 
in the range — 105 to —55 mV changed the peak conductance 
by a factor of 4 but caused no significant change in y. Treat- 
ment with 8 nM tetrodotoxin reduced the currents by a factor 
of 5 but also left y unchanged. Changing the Na concentration 
or the pH of the solution bathing the node changed y from the 
control value of 7.741 pS measured at 0 mV in 90 mM Na to 
4.1-1.2 pS in 55 mM Na and to2.5 +1 pS at pH = 5.2. Hydro- 
gen ions are thought to alter the ion transport through open 
Na channels +5, 

Although this estimate of y is similar to another measure- 
ment from nodes of Ranvier’, it may have been affected by the 
presence of transport noise or excessive filtering. An upper 
limit on the effect of transport noise can be estimated if all of 
the channels are assumed to be open at the peak conductance 
at 125 mV (Fig. 2). The variance in the peak current would 
then be entirely from transport fluctuations in open channels. 
Assuming the transport noise variance increases linearly with 
the Na conductance, this excess variance would cause my 
estimate of y to be higher than the actual value by at most 40°%, 
Alternatively, y would have been underestimated if a step in the 
gating process has a relaxation time < 30 us, for part of 
the resulting fluctuations would have been filtered. The esti- 
mates of the total number of channels N were in the range of 
3-6 x 104, which corresponds to a Na channel density in the 
nodal membrane of roughly 1,000 m~. These values are 
tentative because the pool of channels that N represents may 
(because of ultraslow inactivation’, for example) be smaller 
than the total population in the membrane. 

This work, like previous tests of the two-state theory®, has 
not ruled out all multiple conductance state schemes; there are 
theories with multiple conductance states which give predic- 
tions similar to those of the two-state theory. The simplest 
interpretation, however, is that Na channels have only two 
states of conductance. 

I thank Dr C. F. Stevens for his encouragement. This work 
was supported by a grant from the NIH to Dr Stevens. 
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Modulation of electrical activity 
in Aplysia neurones by cholesterol 


VARIOUS hormones and drugs induce long-lasting alterations of 
electrical activity in certain neurones from the marine snail Aplysia 
californica’. Drugs and hormones were found to affect the lipid 
microviscosity of biological membranes®: ’, so it is plausible that 
their effect on electrical activity is mediated by changes in 
membrane fluidity. We report here that by changing the choles- 
terol content of Aplysia neurones, which presumably increases its 
membrane microviscosity®, long term, though reversible, alter- 
ations in electrical activity are induced. 

In all experiments the visceral ganglion of A. californica was 
removed and thecell bodies were exposed by microdissection of the 
connective tissue. Microelectrodes filled with 3M KCI were 
inserted into a neurone and its electrical activity was monitored 
using standard intracellular recording. techniques’. Sonicated 
liposomes were used as exogeneous pools for enrichment or 
depletion of the cell membrane cholesterol'®:'!. For preparation 
of cholesterol-rich liposomes 160 mg of egg lecithin (Sigma type 
VE) and 100 mg of cholesterol (Sigma CHS) in chloroform were 
mixed in a sonication vessel and evaporated to complete dryness 
under argon. Ten ml] of seawater was added and the mixture 
subjected to 70 W ultrasonic irradiation (Branson Sonifier W350) 
for 60min at O°C m an argon atmosphere. The liposomal! 
dispersion was then centrifuged at 60,000g for 20 min and the 
bottom and upper layers were discarded. The middle layer, which 
presumably consisted primarily of single walled liposomes'*, was 
used in the cholesterol enrichment experiments. For cholesterol 
depletion, liposomes of egg lecithin (160 mg in 10 mi seawater) 
were prepared analogously to the lecithin-cholesterol liposomes. 

A freshly prepared liposome suspension was diluted 1:4 (v/v) in 
seawater and then applied to the ganglion by perfusion during 
continuous electrical recording for up to 3h. In a series of 17 
independent experiments perfusion of pacemaker and burster type 
neurones with lecithm—cholesterol liposomes was always found to 
gradually inhibit the spontaneous electrical activity of the neur- 
ones after a 4-10 min lag. After further 10-30 min all spontaneous 
activity ceased (Fig. 1a). Simultaneously, the threshold to elicit an 
action potential following intracellular stimulation progressively 
increased, in some cases reaching the stage where an action 
potential could not be produced by intracellular stimulation. Both 
the resting membrane potential and the steady-state slope con- 
ductance (AVAE) of the Apiysia neurones were apparently not 
affected by the lecithin-cholesterol perfusion. When active neur- 
ones were perfused with lecithin liposomes, no decrease in activity 
was observed. 3 

For estimation of the rate of cholesterol uptake analogous 
liposomes made from egg lecithin and °H-cholesterol were 
prepared and applied separately to four isolated ganglia of similar 
size. The treated ganglia were thoroughly washed after 5, 15, 30, 
and 60 min of incubation, respectively, dissolved in a tissue 
solubiliser (NCS, Amersham) and then counted in a scintillation 
counter. Because of the large excess of the exageneous cholesterol 
in the incubation medium the rate of cholesterol depletion was 
considered as negligible compared to the rate of cholesterol uptake 
_by the cells, which is therefore proportional to the accumulated 
radioactivity. The résults showed a progressive uptake of choles- 
terol at a rate of approximately 300 pmol per h per ganglion. 
Assuming that the ganglion is composed of 2 x 10° cells averaging 
about 200 um in diameter’? which are partially exposed to the 
lecithin-cholesterol liposomes, and that the remaining glia cells do 
not interfere with the cholesterol uptake, then the observed rate of 
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cholesterol enrichment is of the same order of magnitude as in 
blood cells. 1’ 

The spontaneous electrical activity of the cholesterol-enriched 
neurones could be restored on subsequent perfusion with lecithin 
liposomes for less than 30 min (Fig. Ja,b). This treatment, which 
presumably depletes the membrane cholesterol in a similar fashion 
to that observed in.other cells1™+1, demonstrates that the effect of 
cholesterol is reversible and passive. In some cases, the restored 
spontaneous electrical activity lasted until the electrode was 
withdrawn (over } h). In other experiments, however, spon- 
taneous activity ceased after 10-20 min without affecting the 
capacity of the neurone to produce an action potential after 
intracellular stimulation. Furthermore, perfusion with lecithin 
liposomes of Aplysia neurones which were initially silent, gen- 
erated continuous action potentials similar to pacemaker activity 
(Fig. lc) which in most cases lasted until the experiment was 
terminated (over | h). 


Effect of liposome treatment on electrical activity of Aplysia 
neurones. a, Perfusion with lecithin-cholesterol liposomes 
(4+2.5 mg ml” in seawater) (commenced at arrow) caused spon- 
taneous activity to cease. The ganglion was then washed in seawater 
and perfused with lecithin liposomes (4 mg ml ~ ‘ in seawater) which 
progressively restored electrical activity. The spontaneous activity 
was not maintained in this case. b, An identical experiment to (a) but 
with a separate ganglion. The response to a constant intracellular 
stimulation between the wash and after treatment with lecithin is 
shown. In this case, the restored spontaneous activity continued over 
th when the electrode was withdrawn. c, Treatment with lecithin 
liposomes (4 mg ml”! in seawater) of an initially silent neurone. The 
activity continued until the experiment was terminated (over 1 h). All 
experiments were carried out at'25 °C. 
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One of the main factors which determine the lipid microviscosity 
of cell membranes is the mole ratio of cholesterol to phospholipids 
(C/PL). In in vitro conditions this determinant can be modulated 
by treatment with liposomes by two main mechanisms. First, inthe 
translocation mechanism, cholesterol molecules partition between 
the lipid pools of the liposomes and the membrane towards 
equilibration of their C/PL levels. This takes place i in treatment of 
erythrocytes!°, lymphocytes!! and platelets'* with liposomes of 
various C/PL. Second, the fusion mechanism, involves integration 
of the liposomes by fusion with the cell membrane!°, presumably 
through specific receptors'®. The fusion mechanism was de- 
monstrated in a series of cells including lymphocytes!’ and 
fibroblasts'*. In general, these two mechanisms do not affect the 
viability of cells and eventually lead to a similar change in C/PL of 
the cell membrane. Because of technical difficulties, we have been 
able to establish which mechanism operates in the perfusion of the 
Aplysia neurones with liposomes. 

The common methods for measurements of membrane micro- 
viscosity® could not be applied to the isolated Aplysia ganglia. But, 
it is reasonable to assume that, as for most other cell membranes, 


enrichment with cholesterol markedly increases the microvis- 


cosity®, as well as the degree of exposure of membrane proteins!” 
and decreases the turnover of individual membrane enzymes and 
transport channels. The net effect of these modulations is ex- 
pressed in alterations of cellular activity’. The findings presented 
here suggest that the activity of membrane sites, which are 
associated with spontaneous electrical activity and generation of 
action potential, is also dependent on membrane fluidity as 
determined by the cholesterol level. In principle, decrease in 
membrane fluidity can also be achieved by reducing the tempera- 
ture. It has been previously shown? that by lowering temperature, 
the activity of Ap/ysia neurones is reduced, but to a lesser extent 
than with cholesterol enrichment. Possible alteration of the Na, K 
ATPase activity in the cholesterol enriched membrane?!:?? could 
be one of the factors which mediate the observed changes in 
electrical activity. As the resting membrane potential was not 
affected by the cholesterol enrichment or depletion, however, it 
seems that the electrogenic Na, K pump, which exerts a tonic 
contribution to the membrane potential in Aplysia neurones”, is 
not noticeably affected by membrane fluidity. Alteration in 
internal Ca activity could also contribute to the observed 
effects?*:?>. The lack of substantial changes in conductance and 
resting membrane potential upon enrichment with cholesterol 
suggests, however, that the major effect is on the channels and gates 
which are essential for action potential production?®. Since the 
action potential height decreases during cholesterol treatment 
(Fig. 1b), and in some cases after prolonged perfusion only a small 
spreadout regenerative response could be elicited, it seems that 
inclusion of cholesterol decreases the active inward conductance. 
For a better understanding of the effect described here, voltage 
clamp and ion selectivity experiments are required. 

The microviscosity. of biological membranes may vary in 
-= various physiological and pathological conditions*’. Neuroblas- 
toma cells have been shown to undergo a marked modulation in 
membrane microviscosity. during their cell cycle*®. On differen- 
tiation of these cells the membrane fluidity is increased and this 
pfocess can therefore be blocked by cholesterol enrichment’”. By 
changing the lipid composition of neuroblastoma cells con- 
spicuous morphological changes have been also observed*°. Such 
changes may also occur in other nerve tissue, and may induce a 
significant alteration of neuronal activity in vivo. 
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Asymmetry of phospholipid biosynthesis 


THE asymmetrical distribution of phospholipids in the membrane 
of the red blood cell'~* and other membranes** is well documen- 
ted. How this asymmetry arises in these membranes is an obvious 
question which remains unanswered: One explanation is that the 
enzymes that catalyse the last step in the synthesis of the 
phospholipids are unevenly distributed on both sides of the 
membrane where biosynthesis occurs. The phospholipids that are 
produced by these enzymes would be released on to each side of the 
lipid bilayer and thus account for lipid asymmetry. A necessary 
corollary would be that this asymmetry of the phospholipids 
would be preserved in the movement of lipids to other membranes 
in the cell. Initial reports on the lack of transbilayer movement of 
phospholipids in artificial membranes®’ and membranes ‘of 
animal viruses® has made an uneven distribution of phospholipid 
biosynthetic enzymes an attractive hypothesis. Recent reports, 
however, have documented the transbilayer movement of phos- 
pholipids in the red blood cell membrane? '! and the membrane of 
Bacillus megaterium'?. Although the mechanism for this trans- 
bilayer movement of phospholipids has yet to be elucidated, itis.no 
longer necessary to explain lipid asymmetry by the uneven 
distribution of the phospholipid biosynthetic enzymes on both 
sides of the membrane. We summarise here our evidence that the 
enzymes that help to produce phosphatidy!choline and phosphati- 
dylethanolamine are located exclusively on the cytoplasmic sur- 
face of the endoplasmic reticulum of rat liver and noton both sides 
of the membrane. 

Subcellular fractionation of rat. ise Jad a A VE 
fraction which consists largely of sealed fragments from the 


endoplasmic reticulum’! *. These vesicles retain the asymmetry of 
the endoplasmic reticulum as it exists in the cell ; the exterior of the 


microsomal vesicles corresponds to the cytoplasmic surface of the 
endoplasmic reticulum, whereas the luminal surface.is the interior 

of the microsomes!?. Preparation of microsomes with the opposite 
orientation has not been reported. ; 

A rapid method for evaluation of the permenbilil and orien- 
tation of microsomes by measurement of the latency of mannose- 
6-phosphatase has’ been reported'* '°. The enzyme that hy- 
drolyses mannose-6-phosphate is located inside the microsomes, 
which are apparently impermeable to low concentrations (1 mM) 
taur- 
vesicles’ 4. Thus, by 
‘after treatment 
and intactness of 
‘he’ latency of this. 












ocholate allows the substrate to penetrate the 
assay of the mannose-6-phosphatase before a 
with taurocholate, one can assess the orientati 
the membrane of the microsomal vesicle 
enzymatic activity is defined as the “activi 
somes minus ie in untreated microsomes/activity in disrup- 
ted microsomes” : 


yin disr upted micro- 
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Microsomes from rat liver were prepared as described by 
Nordlie and Arion'®, except that homogenisation was in 0.145 M 
NaCl and contaminating cytoplasmic enzymes were removed by 
passage of the microsomes once through a discontinuous sucrose 
gradient”. The microsomes were suspended in 0.145 M NaCl at 
approximately 7 mg protein ml”! and stored at — 70°C. The 
latency of mannose-6-phosphatase in all preparations was greater 
than 90°”. The activities of CDP-choline: |,2-diacylglycerol choli- 
nephosphotransferase and CDP-ethanolamine :1,2-diacylglycerol 
ethanolaminephosphotransferase were assayed essentially as 
described by Kanoh and Ohno! *. The assays of cholinephosphate 
cytidylyltransferase!° and phosphatidylethanolamine-S- 
adenosylmethionine methyltransferase?® followed published 
procedures. 

In our initial experiments with the cholinephosphotransferase 
(which condenses CDP-choline and 1,2-diacylglycerol to form 
phosphatidylcholine), we found that treatment of the microsomes 
with 0.4°% taurocholate resulted in a sixfold increase in the 
cholinephosphotransferase activity (from 3.3 to 19 nmol per min 
per mg protein). We did not know if this increase inenzyme activity 
were due to stimulation by the detergent or the expression of latent 
activity localised on the interior of the microsomes. 

One approach for differentiation between these two possibilities 
was to digest the microsomes with a proteolytic enzyme and 
subsequently treat the microsomes with 0.4%, taurocholate. Choli- 
nephosphotransferase activity localised on the interior of the 
microsomes should survive this treatment. Rat liver microsomes 
(1.4 mg protein) were digested with bovine pancreatic trypsin 
(1 mg: Sigma), in 0.5 ml 50 mM Tris-HCl, pH 7.4, for 15 min at 
30 °C. The reaction was stopped with the addition of 2 mg soybean 
trypsin inhibitor (Sigma). In control incubations the trypsin 
inhibitor was added before the trypsin, or isotonic saline was 
added instead of trypsin and trypsin inhibitor. Samples (0.18 ml) 
were removed and incubated with 20 ul 4%, sodium taurocholate 
dissolved in 50 mM Tris-HCl, pH 7.4, or with buffer alone, for 
30 min at 0°C. The activity of cholinephosphotransferase was 
subsequently assayed. By this treatment the activity of the enzyme 
decreased from 19 to 0.5 nmol per min per mg protein. Since more 
than 97° of the cholinephosphotransferase was inactivated by 
trypsin, it seemed that none of the cholinephosphotransferase was 
localised on the interior of the microsomes. 

It was important for us to demonstrate that during the trypsin 
digestion, the microsomes remained intact and impermeable to the 
trypsin. We therefore carried out an experiment in which the 
activity of the cholinephosphotransferase and the latency of the 
mannose-6-phosphatase were determined after incubation with 
trypsin for various times. The results in Fig. | clearly show that 
the latency of the mannose-6-phosphatase was not affected by 
the proteolytic digestion, whereas the activity of the cholinephos- 
photransferase was eliminated. Other studies have shown that the 
mannose-6-phosphatase is inactivated by trypsin in the presence of 
0.4% taurocholate. 

Similar studies were performed with CDP-ethanolamine :1,2- 
diacylglycerol ethanolaminephosphotransferase (which forms 
phosphatidylethanolamine), cholinephosphate cytidylyltrans- 
ferase (which forms CDP-choline) and phosphatidylethanolamine 
methyltransferase (which transforms phosphatidylethanolamine 
to phosphatidylcholine by the transfer of methyl groups from S- 
adenosylmethionine). The experiment in Fig. | shows that these 
enzymes are also inactivated by trypsin in conditions in which 
mannose-6-phosphatase activity is unaffected. It seems, therefore, 
that the enzymes that synthesise phosphatidylcholine and phos- 
phatidylethanolamine are localised on the exterior surface of the 
microsomes. 

There is an additional explanation ofour results which should be 
considered. It is possible that the phospholipid biosynthetic 
enzymes extend across the bilayer of the microsomal membrane. 
Tryptic digestion of the part of the protein that is exposed to the 
exterior might inactivate the enzyme even if the active site were on 
the inside of the microsomal membrane, We are unaware of any 
example where there is this arrangement of a membrane-bound 
enzyme. Moreover, if the active site were on the interior of the 
microsomes, transport of the substrate into the microsomes must 
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® Activity 





Time (min) 


Fig. 1 Effect of trypsin on the activity of phospholipid biosynthetic 
enzymes associated with microsomes from rat liver. Microsomes 
(5 mg) were incubated with 3.5 mg trypsin, 10 mM Tris-HCl, pH 7.4, 
at 30 °C for the indicated time. Soybean trypsin inhibitor (5 mg) was 
added to terminate the reaction (final volume 1.5 ml). Aliquots from 
each incubation mixture were used to assay for cholinephosphotran- 
sferase'® (W). ethanolaminephosphotransferase'® (C), choli- 
nephosphate cytidylyltransferase'” (A) and phosphatidylethano- 
lamine methyltransferase*® (A) activities. Intactness of the micro- 
somes was determined by measurement of the latency of mannose-6- 
phosphatase'*''*(@). 


occur. We have been unable to detect transport into the micro- 
somes of any of the substrates for these phospholipid biosynthetic 
enzymes. 

We conclude from our experiments that the enzymes that 
synthesise phosphatidylcholine and phosphatidylethanolamine 
are located on the cytoplasmic side of the endoplasmic reticulum. 
Thus, the origin of lipid asymmetry does not result from an uneven 
distribution of these enzymes on both sides of the endoplasmic 
reticulum. It remains a moot question as to how lipid asymmetry 
originates and is maintained in biological membranes. 
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Light-sensitive membrane 
potentials in onion guard cells 


INTRACELLULAR electrical recordings in onion guard cells 
show that they maintain a membrane potential difference 
(MPD), inside negative. The MPD is light-sensitive; cells 
subjected to short light and dark cycles depolarise in the 
dark and hyperpolarise in the light. The swiftness of the 
electrical changes makes them among the fastest known 
stomatal responses, suggesting a causal relationship 
between the reception of light, the changes in membrane 
potential and the ion fluxes known to be associated with 
stomatal movement. The magnitude and electrical sign of 
the responses are consistent with the activity of a light- 
sensitive proton pump which would provide the driving 
force for ion transport across the cell membrane. Guard 
cells, the specialised structures that control gas exchange in 
the leaves of higher plants, use potassium to modulate 
their intracellular osmotic potential and perform the mech- 
anical work needed to open and close the stomatal pore’. 
When guard cells accumulate K* (with intracellular con- 
centrations reaching up to 0.5M (refs 2 and 3)), water 
content increases and swelling occurs, causing the pore to 
open. During the reverse process, K* is extruded (intra- 
cellular concentration diminishes to 0.1 M (refs 2 and 3)), 
leading to water loss and pore closure. Control of intra- 
cellular K* concentrations is a universal feature of living 
organisms. Nerve cells sore energy used to generate 
electrical signals by maintaining concentration gradients of 
Na* and K* (ref. 4): bacterial cells selectively accumulate 
K* (ref. 5) and, in plants, cells expand by increasing their 
turgor through uptake of K* and its counter-ions’. While 
the cellular basis of K* uptake in stomatal guard cells is 
poorly understood, one might expect common mechanisms 
for K* transport even in widely divergent species. Two 
distinct mechanisms for K* transport have been defined. 
In one, common in animal cells, K* uptake is driven by 
ATP through a Na*t/K* ATPase’; in the second system, 
demonstrated in bacteria, ion transport is conducted by a 
proton-motive force’ generated by pH and electrical 
potential gradients across the membrane’. In showing that 
wall-less guard cell protoplasts swell when illuminated, we 
previously argued that a proton-motive force could drive K* 
uptake into the guard cells’®. The hypothesis generates the 
basic prediction of a light-sensitive, inside negative, MPD 
across the guard cell membrane. We report here the experi- 
mental verification of that prediction, through intracellular 
recordings in guard cells of Allium cepa. 

Both intact guard cells and cells with walls partially 
digested with a cellulolytic enzyme were used. Partial 
digestion of cells facilitated electrode penetration and gave 
us a basis for work on MPD and cell compartments, which 
are discussed elsewhere. Slices from cotyledons of 7-14 d- 
old seedlings were the tissue source for both types of 
preparations”. The slices were adhered with a Valap mix- 
ture? to the bottom of a 5 ml well made in a 9.5-cm Petri 
dish filled with Sylgard (Dow Corning) and bathed with a 
0.23M mannitol solution containing 1 mM KC1 and 1 mM 
CaCl. The wall digestion was made with a 2% (w/v) 
solution of Cellulysin (Calbiochem) in the above solution 
for 2~5h. At the end of the digestion, the preparation was 
washed twice with enzyme-free, bathing solution. Both 
types of preparations were dark adapted for 1-4h before 
the experiments. Guard cells were impaled with glass 
capillary microelectrodes under direct visualisation at 400 x 
magnification using a Zeiss compound microscope with a 
water-immersion objective. Microelectrodes were filled with 
3M KCI and bevelled after filling to final resistances of 40- 
90m2. The signal from the microelectrode was put 
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through a high input impedence preamplifier and displayed 
on a cathode-ray oscilloscope and a slow speed chart 
recorder. . 

All guard celis showed MPD, inside negative. Partially 
digested cells averaged --3947 mV (n=65) and intact 
guard cells —72 +29 mV (n=40). Exposure of the cells to 
light cycles showed that the MPD is light-sensitive. Guard 
cells were impaled under dim green light, and those showing 
steady MPD (+2mV) for at least S min, were sub- 
jected to alternating short dark and white light 
(200-500 E m7’ s™*) cycles. The cells typically depolarised 
in the dark and hyperpolarised in the light (Fig. 1). 
Both intact and partially digested cells exhibited the 
electrical changes but the former had faster and larger 
responses. Depolarisations ranged between 1 and 60 mV; 
hyperpolarisations between 1 and 52 mV. The initial stages 
of the responses showed the highest rates, reaching as much 
as 1.7 mV s™ for the depolarisations and 0.9 mV s~* for the 
hyperpolarisations. Initial rates varied greatly, though, 
averaging about 14 mV min` for depolarisations and 8 mV 
min` for hyperpolarisations. After an initial fast phase, the 
responses become slower, saturating with approximately 
exponential kinetics (Fig. 1b). In addition, prolonged 
depolarisations showed a second, slow phase (Fig. 1b) 
which could not be observed in the hyperpolarisations. 
Actively responding cells showed alternating responses 
throughout 3-5 consecutive. light/dark cycles with latencies 
ranging from 1-45 s (Fig la). Typically, the depolarisations 
had shorter latencies. 

It seems likely that these electrical responses of the 
guard cells are normal physiological events, associated 
with the K* fluxes seen during stomatal opening and 
closing. The short latencies and high initial rates of these 
light-induced membrane potential changes suggest that they 
could be an early and primary event in the mechanism 
controlling stomatal movement. The fact that the latencies 
of the dark responses, which we interpret as related to 
stomatal closing, are of the same order of magnitude as 
the latencies reported for closing in response to high CO, 
concentrations’ also suggest a primary effect of light. The 
present results argue against the possibility that stomatal 
light responses are indirect and CO.-mediated™, since it is 
difficult to envisage that dark would cause a CO.-mediated 
response with the same latency as the CO: response alone. 
The data suggest, instead, that both dark and CO, can elicit 
a primary response leading to closing. Our observations 
showing that isolated guard cells from digested preparations 
also exhibit light-sensitive MPD indicate that light energy 
was absorbed by photopigments within the guard cell, with- 
out the mediation of other cells of the tissue. 

An electrogenic mechanism driving K* transport in the 
guard cells has been suggested before’ but the hypothesis 
has not become widely accepted because of negative 
reports on MPD across the guard-cell membrane’ or its 
sensitivity to light. The data presented here and related 
observations by Gunar ef al give new support to the 
notion of an electrogenic pump being the driving mech- 
anism of stomatal movement. 

Light-induced electrical events associated with pump 
activity are well known in other systems. Vertebrate photo- 
receptors hyperpolarise when illuminated due to a change in 
membrane Na* conductance, probably mediated by the 
release of Cat from intracellular stores”. It is of interest 
that both onion guard-cell protoplasts’ and outer-rod seg- 
ments isolated from frog retinae™ change their intracellular 
osmotic potentials in response to light. It seems’ ‘plausible 
that the two cell types might share common mechanisms 
underlying phototransduction and ion fluxes. 

Another useful system which provides insight on the basis 
of light-driven energy transduction coupled to ion trans- 
port has been described in Halobacterium halobium. In 
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Fig. 1 Intracellular electrical recording in onion guard cells 
showing the changes in membrane potential differences in 
response to light and dark cycles. a, Three alternating dark/light 
cycles in an intact cell. Shaded portions in the abscissa show 
the dark periods, arrows point to the onset of each alternating 
stimulus. 6, Dark and light response in a partially digested cell, 
seen at a higher gain. Both depolarisations and hyperpolaris- 
ations saturate with apparent exponential kinetics, with the 
depolarisations showing a second slower phase. 


this microorganism a membrane-bound photopigment, 
bacteriorhodopsin, extrudes protons when illuminated, 
thus generating an electrochemical gradient across the cell 
membrane. This proton motive force can then be used to 
drive passive K* influx’® or to make ATP (ref. 20). In addi- 
tion, ATP hydrolysis can be used to poise the proton 
gradient independently of illumination”, thus making the 
gradient a central device for the transduction of energy 
from either light or respiration”. Light-induced membrane 
hyperpolarisations ranging between 24-67 mV have been 
measured in Halobacterium”. 

The demonstrated ability of a proton gradient to drive K* 
uptake in the light and in the dark makes it a possible 
mechanism for energising ion transport during stomatal 
movement. Most of the known physiological properties of 
the guard cells seem consistent with the hypothesis and our 
findings of a light-sensitive MPD in onion guard cells adds 
new, though indirect, evidence. 

The demonstration of a proton gradient across the 
guard-cell membrane as a primary energy-transducing 
mechanism would provide a link between the several 
possible energy sources used by the guard cells to drive 
ion fluxes. Blue light energy could be directly transduced 
as an electron flow when absorbed by a photoreceptor (a 
flavin?) which would be one of the links in the membrane- 
bound, electron transport chain which generates the 
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gradient. In addition, ATP hydrolysis would constitute a 
major energy source poising the gradient. ATP could be 
formed by oxidative phosphorylation in the guard cell 
mitochondria, which would be light independent and able 
to drive ion fluxes in the dark or by photophosphorylation 
in the guard cell chloroplasts which could utilise light 
energy with the spectral sensitivity of chlorophyll. 

We thank Dr S. D. Roper, University of Colorado 
Medical Center and Dr Donald Kennedy, Department of 
Biological Sciences, Stanford University, for help with 
facilities and equipment. P.K.H. was supported by NSF 
grant BMS-74-15245. 


E. ZEIGER 
W. Moopy* 
P. HEPLER 
Department of Biological Sciences, 
Stanford University, 
Stanford, California 94305 
F. VARELA 


School of Medicine, 
University of Colorado Medical Center, 
Denver, Colorado 80220 


Received 5 July; accepted 2 September 1977. 


*Present address: Department of Physiology, School of Medicine, University of 
California, Los Angeles, California 90024. 


i. Hsiao, T. C. in Encyclopedia of Plant Physiology, Part B (eds Liittge, U. & 
Pitman, M. G.) 2, 195-221 (Springer, Berlin, 1976). 

. Sawhney, B. L. & Zelitch, L Pl. Physiol. 44, 1350-1354 (1969). 

. Penny, M. G. & Bowling, D. J. F. Planta 119, 17-25 (1974). 

. Hodgkin, A. L. & Keynes, R. D. J. Physiol. Lond. 128, 28-60 (1955). 

. Harold, F. M. Bact. Rey. 36, 172-230 (1972). 

. Cram, W. J. in prove of Plant Physiology, Part A (eds Liittge, U. & Pitman, 
M. G.) 2, 284-316 (1976). 

. Hokin, L. E. & Dahi, J. L. in Metabolic Pathways (ed. Hokin, L. E.) 6, 270-315 
(Academic, New York, 1972). 

. Mitchell, P. Biol. Rev. 41, 445-502 (1966). 

. Rhoads, D. B. & Epstein, W. J. biel. Chem. 252, 1394--1401 (1977). 

. Zeiger, E. & Hepler, P. K. Science 196, 887-889 (1977), 

11, Moody, W, & Zeiger, E. Planta (in the pret: 

12. Zeiger, E. & Hepler, P. K. Pi, Physiol. SR, 492-498 (1976). 

13. Raschke, K. Pl. Physiol, 49, 229-234 (1972). 

14. Raschke, K. A. Rev. Pl. Physiol. 26, 309-340 (1975). 

15. Pallaghy, C. K. Planta 80, 147-163 (1968). 

16. ane . 1., Zlotnikova, 1. F. & Panichkin, L. A. Sev, PI. Physiol, 22, 704-707 

17. Hagins, W. A. A. Rev. Biophys. Bioenzin. 1, 131~158 (1972). 

18. Brodie, A. E. & Bownds, D. J. gen. Physiol. 68, 1-11 (1976). 

19. Garty, H. & Caplan, S. R. Biochim. biophys. Acta 459, 532-345 (1977). 

20. Bogomolni, R. A. Fedn Proc. 36, 1833-1839 (1977). 

21. Skulachev, V, FEBS Lett, 74, 1~9 (1977). 

22. Michel, H. & Oesterhelt, D. FEBS Lert. 65, 175-178 (1976). 


Gow ~~ Miauw 


Unprotonated chromophore-protein bond 
in visual pigments from “C-NMR spectra 


THE chromophore of visual pigments is generally assumed to be 


‘a protonated Schiff base of the 11-cis retinylidene (rhodopsins) 


or the Il-cis 3-dehydroretinylidene (porphyropsins) groups 
linked through a lysine amino group to a specific glycoli- 
poprotein moiety (opsin)'. This protonated Schiff base hypo- 
thesis has been supported by plausible though not unequivocal 
chemical evidence®?. Recent studies using the physical tech- 


nique of resonance Raman spectroscopy have also seemed 
to support this view*~’. In an attempt to confirm this assign- 


ment and to explore further the structure and microenviron- 
ment of the chomophore, we have studied the nuclear magnetic 


resonance (NMR) spectra of aqueous suspensions of bovine 
rhodopsin which contain the chromophore enriched with C 


at specific positions in the retinylidene carbon chain. We report 
here our findings which clearly support an unprotonated 


retinylidene Schiff base as the visual chromophore in tontrast 
to the earlier chemical and physical evidence which supports 


a protonated form. 
Retinal isomers were synthesised enriched at the C14 position 
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from the C18 ketone® and triethyl phosphono[2-''C Jacetate’, 
This latter compound was synthesised from triethylphosphite 
and ethyl [2-1°C] bromoacetate. The resulting ester was con- 
verted to the [14-C] retinal isomers by LiA1H, reduction and 
MnO, oxidation. High pressure liquid chromatography was 
used to isolate the 11-cis isomer of [14-"8C] retinal’. 1°C-labelled 
rhodopsin was prepared by regenerating freshly photableached 
bovine disks with labelled 11-cis retinal. After adding hydroxy- 
lamine to complex the excess retinal, the rhodopsin was solu- 
bilised by adding 50 mM aqueous phosphate-buffered octyl 
glucoside. Purification and delipidation was accomplished by 
affinity chromatography on Concanavalin A-Sepharose? 
using 30 mM octyl glucoside as detergent. This solution was 
then concentrated to 1-2 mM and dialysed three times to 
remove small organic molecules. Nuclear magnetic resonance 
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(NMR) spectra were collected in the Fourier transform mode 
on a 14 kG home built (DT) spectrometer as well as a Varian 
XL-100. 

Figure la shows the “C NMR spectrum of a solution of 
octyl glucoside-solubilised bovine [14(retinylide)--C] rhodop- 
sin containing no free retinal isomers. Figure 1b shows a spec- 
trum of a solution of octyl glucoside and unenriched rhodopsin. 
The spectrum of the enriched pigment contains one additional 
resonance at approximately 130.8 p.p.m. downfield from TSP- 
d,. This peak is more pronounced in Fig. 2, where the rhodopsin 
concentration is twice that in Fig. ia and the CH dipolar 
interactions have been removed with high power decoupling. 
The peak at 175 p.p.m. in Fig. 2 is due to resonances arising 
from the amide carbonyls of the protein, observed because of 
the long pulse delay in this experiment. 
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Chemical shift (p.p.m. relative to TSP-d,) 


Fig. fa, 


with 100mM octyl glucoside. Acquisition time, 0.2 s; pulse delay, 0. 


18 t t 25.16 MHz of a solution of [14 (retinylidene)~'°C] rhodopsin (0.5 mM) in 0.1 M KH,PO, buffer (pH 7.0) 
pay eine me 2 s; 30° pulse angle; 12 mm tube; and 58,170 transients. An external 


lock was used; 6, #*C NMR spectrum at 25.16 MHz of a solution of rhodopsin (0. 5mM) in 100 mM octyl glucoside i in 0.01 MKH,PO, 


buffer with D.O added for a lock (pH before D,O addition, 7.0). Acquisition time, 0.8 s; pulse angle, 30° ; 


21 mm tube; 


20,000 transients. 
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Previous work from our laboratory with model visual pig- 
ment chomophores, that is, 11-cis-retinal, N-11 -cis-retinlyidene- 
propylimine (NRPI), and N-11-cis-retinylidenepropyliminium 
ion (NRPI-H*), have shown that the chemical shift of the C14 


position of the protonated Schiff base of retinal is at a significan- 


tly higher field (about 120 p.p.m.) than in free retinal and its 
unprotonated Schiff base (about 130 p.p.m.) (ref. 13 and 
J.W.S., G.D.M. and E.W.A., unpublished). Quite clearly, 
there is a large difference in chemical shift of the C14 position 
between that observed in !°C-enriched rhodopsin and the model 
protonated Schiff base of retinal. It is difficult to account for 
this large difference in terms of microenvironmental interactions. 
All interactions, steric, coulombic, ring currents, and so on, 
which are associated with protein folding would generally 
not lead to chemical shift differences larger than 2 p.p.m. #7, 

We have found that salts of model Schiff bases of all-trans 
retinal show the chemical shift of the C14 carbon in a pigment 
with a visible absorption maximum at 498 nm should be even 
further upfield than 120 p.p.m. (Fig. 3). In addition, there is a 
very small variation in the observed chemical shift for model 
pigments absorbing from 428 to 480 nm in cases where the 
counterion is associated with the nitrogen atom, 

We have calculated the variation of the C14 chemical shift as 
a function of various counterion placements along the polyene 
chain from Pariser-Parr-Pople electron densities using the 
Karplus—Pople formula (ref. 18 and J.W.S. et al., unpublished). 
These show no anomalous downfield shifts to 130 p.p.m. in a 
model pigment which has a significant bathochromic shift 
(about 140 nm) relative to the unprotonated Schiff base. 
Presumably this is due to the proximity of C14 to the protona- 
tion site; a significant negative charge is forced on C14 with 
protonation, and its magnitude varies little with counterion 
placement. Therefore, the chemical shift of C14 in a protonated 
Schiff base chromophore absorbing near 500 nm must be ap- 
proximately 120 p.p.m. downfield from TMS. Attempting to 
position a charge such that a chemical shift of 130 p.p.m. would 
be observed should lead to a long wavelength. absorption 
maximum near 350 nm. 

The use of two anionic charges, one placed near the proto- 
nated nitrogen atom such as proposed by Honig ef al.” would 
also be expected to give shifts near 120 p.p.m. downfield from 
TMS for a pigment with a long wavelength absorption maximum 
near 500 nm since the C = N region in this case behaves 
similarly to the solution case. The above considerations clearly 
argue against the N-protonated retinylidene Schiff base model 
for the chromophore of rhodopsins. 

It is most significant that the C14 shift for rhodopsin is con- 
sistent with the chromophore being an unprotonated Schiff 


Fig. 2 °C NMR spectrum (14 KG field) of a solution of [14 

(retinylidene!*C] rhodopsin (1.0 mM) in 0.1 M KH,PO, buffer 

(pH 7.0) with 100 mM octyl glucoside. Acquisition time, 0.2 s: 

pulse delay, 2.05; pulse angle, 90°; 8mm tube; and 8092 
transients. An external lock was used. 
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Chemical shift (p.p.m. from TMS) 


Fig. 3 Variation in shift of C14, C14, as a function of the long 

wavelength absorption maximum of all-trans-retinylidenepro- 

pyliminium ions, a, NRPI-HC1 in acetone; b, NRPI-HC1 in 

EtOH; c, NRPI-HCI in CDCI,,; d, NRPI-HBr in CDCI; 

e,NRPI plus a 100-fold excess of TEA in CHCl. O, Predicted 

value for a pigment with an all-trans chromophore with Am ax == 
498 nm is 118.26 p.p.m. 


base of retinal (C14 = 129.96) or retinal itself (6C14 = 129.59 
p.p.m.). Chemical evidence indicates that the retinylidene 
chain is bound to an -amino group of lysine on opsin rather 
than existing in situ as free retinal?’: 2, This would lend support 
to the original notion of Dartnall of an unprotonated Schiff 
base linkage??. 

The above NMR results run counter to the conclusions 
drawn from resonance Raman spectra of rhodopsin. The band 
assigned to (C = N) of protonated Schiff base linkage by 
various investigators varies from 1645 to 1660 cm™* for rho- 
dopsin having an absorption maximum at 498 nm}. Other 
peaks in the spectra—for example, (C = C)—vary to a much 
lesser degree ( ~ 4 cm~'). Furthermore, bathorhodopsin and 
isorhodopsin both have a 1665 cm~! peak, whereas their visible 
absorption maxima are 543 and 483 nm, respectively; one 
would expect to find some variation of v(C = N) with absorp- 
tion maxima of the chromophore. This line of reasoning, 
together with the NMR results presented here, suggests that 
the peak in the 1650 cm™ region may be incorrectly assigned. 

In conclusion, we point out that the NMR spectra of C- 
enriched rhodopsin leaves little question of the assignment 
of the probe signal while in resonance Raman spectra this is 
not the case. It seems evident from the results reported here 
that the Dartnall model of an unprotonated Schiff base chromo- 
phore in native visual pigments deserves further attention. 

This work was supported by grants to E. W. A. from 
NIH and the NRC of Canada and to G. M. from the Depart- 
ment of Chemistry, CWRU, | 
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Sequence of cro gene 
of bacteriophage lambda 


KNOWLEDGE of the primary sequences of repressor proteins 
and the DNA operators with which they interact is essential 
for detailed study of the molecular aspects of the control 
of gene expression, The sequences of two repressors are 
known: the cl protein of lambda (ref. 1 and R. Sauer and 
R. Anderegg, personal communication) and the ij gene 
product of the lactose operon of Escherichia coli (refs 2,3 
and P., J. Farabaugh, personal communication), Here we 
report the DNA sequence for the structural gene of a third 
repressor, the Cro protein of lambda. This protein is of 
special interest both because of its small size (66 amino 
acids, as compared with the 236 amino acids of the cl 
protein and the 360 amino acids of the Jac i gene), and 
because genetic evidence suggests that it interacts with the 
Same operator regions as does the cl protein, although the 


Fig. 1 a, Location of the cro gene within the immunity region of 

the lambda chromosome. b, An enlargement of the 550 base pair 

Hin II fragment which contains the cro gene showing the sites of 

restriction for three other endonucleases. The thickened lines 

indicate DNA strands which were end labelled and sequenced. 

The start point of the cro gene is 51 base pairs to the right of the 
left end of the Hin II fragment. 
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two proteins probably do not recognise exactly the same 
DNA bases‘, 

The location of the cro gene on the lambda chromosome 
is shown in Fig. la. DNA sequencing was carried out by 
direct chemical sequencing* following the scheme of ™“P 


Fig. 2 Autoradiogram of a polyacrylamide gel displaying 5’ 
end-labelled oligonucleotide products resulting from partial, 
base-specific cleavage of the DNA fragment extending to the 
right of the Bg/ II site shown in Fig. 1b. To sequence this region 
of the gene, DNA from a plasmid (A. Johnson, unpublished) 
containing the portion of the lambda chromosome extending from 
the rightmost Hin III site in the cl gene to the Eco RI site in the 
o gene was cut with Bg! II, dephosphorylated with bacterial 
alkaline phosphatase, and 5’ end-labelled using [y—**P]ATP 
and T4 polynucleotide kinase. The resulting labelled fragments 
were digested with Hin I, and separated electrophoretically on 
a 3.5%, polyacrylamide gel. The 440-base pair Bgl Il-Hin Il 
fragment containing the carboxy-portion of the cro gene was 
isolated from the gel and partially sequenced by the chemical 
procedures of Maxam and Gilbert’. 
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end labelling shown in Fig. 15. Figure 2 shows an auto- 
‘radiogram of a typical sequencing gel. The completed DNA 
sequence is shown in Fig. 3. Wherever possible the DNA 
sequence was checked by comparison with a catalogue of 
sequenced oligoribonucleotides generated by both ribo- 
nuclease Tı and pancreatic RNase digestion of the RNA 
transcript of the region from Pr to fa: synthesised in vitro. 
All oligoribonucleotides larger than tetramers have been 
uniquely identified. In this manner independent confirma- 
tion was obtained for over 70% of the sequence. The initial 
27 bases of .the sequence are in agreement with the 
sequence predicted for the 5 end of cro by Steege and 
Steitz® from RNA sequencing of the message initiated at 
Pr. 

- Takeda et al.*° have isolated, identified, and determined 
the protein sequence of the lambda Cro protein. Their amino 
acid sequence is in exact agreement with that predicted 
by our DNA sequence. The occurrence of an ochre termin- 
ation codon immediately beyond the COOH terminal 
alanine residue indicates that the cellular form of Cro is 
not processed. Comparison of the amino acid sequence 
determined for Cro with that of the lambda repressor 
indicates that no. obvious similarities exist in the amino 
acid sequences of the two proteins. 

Several aspects of the. cro sequence are worth noting. 
(1) The 5 ATG of our sequence is three bases to the right 
of the putative ribosome binding site found by Steege and 
Steitz in the leader of the cro message’ and is 18 bases from 
the start point of transcription. (2) There is a region of 
perfect twofold symmetry in the DNA sequence involving 
bases 130-138 and 145-153. This hyphenated symmetry 
would give rise to a potential stem and loop structure in 
the RNA transcript of this region. The significance of this 
feature is not known; however, it does share the sequence 
ATAAA...... TITAT with the right operator region 
Or. (3) The region from base 106 to base 125 consists of a 
G-C rich region (106-113) followed at a short distance by 
the sequence TTTTTTITA (Fig. 2). This primary structure 
is reminiscent of known sites of rho independent transcrip- 
tion termination”. But, in ‘vitro transcription studies 
indicate that in the absence of additional factors RNA 
‘polymerase does not terminate transcription at this site 
(M.R., unpublished). (4) Finally, the distribution of bases 
utilised in the third or ‘wobble’ position of the codons of 
cro is approximately random (there is a slight bias against 
G’s and toward A’s and C’s). There are, however, pro- 
nounced A-T or G-C rich regions within the cro sequence 
(for example, the region between positions 114 and 134 is 


Fig. 3 DNA and protein sequences of the cro gene. 


Ni“ MetG1uG1nArg!léThrLeuLy sAspTyrAlaMetArgPheGlyGlaThrLysThrAlaLysAsp 
50 

5" ,, ,ATGGAACAACGCATAACCCTGAAAGATTATGCAATGCGCTTTGGGCAAACCAAGACAGCTAAAGAT 

3" ,, TACCTTGTTGCGTATTGGGACTTTCTAATACGTTACGCGAAACCCGTTTGGTTCTGTCGATTTCTA 


LeuGlyValTyrGlnSerAlalleAsnLysAlaIleHisAlaGlyArgLysIlePheLeuThrile 
100 


CTCGGCGTATATCAAAGCGCGATCAACAAGGCCATICATGCASGCCGAAAGATTTTTTTAACTATA 
GAGCCGCATATAGTTTCECGCTAGTTGTTCCGGTAAGTACGTCCSGCTTTCTARAARAATTGATAT 
Belll Hae I ‘Hae III 


AsnAlaAspGlySerValTyrAlaGluGluValLysProPheProSerAsnLy sLysThrThrAla-CooH 
150 


AACGCTGATGGAAGCGTT TATGCGGAAGAGGTAAAGCCCTTCCCGAGTAACAAAAAAACAACAGCATAA, . .3! 
TIGTTTTTTTGITGTCETATT. «5! 


TIGCGACTACCTTCGCAAATACGCCTTCTCCATT TCGGGAAGGGC 
Aval 
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91% A-T; the region between 168 and 179 is 75% G-C; 
and the region between 180 and 201 is 77% A-T). 

It should be noted that the region of the lambda genome 
which encodes the Cro protein apparently serves as tem- 
plate for leftward transcription (from the opposite strand) 
into the cI gene during establishment of repressor synthesis 
relatively early during phage development’. Thus, the 
structural features noted above may reflect regulatory in- 
formation involved in this transcription while concomitantly 
specifying the appropriate amino acid sequence for a 
functional Cro protein. 

We thank M. Ptashne for helpful discussions, A. Johnson 
for making available plasmids containing cro gene and Alik 
Honigman for purified Ayal endonuclease. This work was 
supported in part by grants from the US NIH and NSF to 
M.P. T.M.R. is supported by an NIH postdoctoral 
fellowship. . 
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Amino acid sequence of Cro 


regulatory protein of bacteriophage lambda 


THE Cro protein specified by bacteriophage lambda is a repressor 
of the genes expressed early in phage development; this temporal 
regulation i is required for a normal late stage of lytic growth (see 
refs 1-5). Cro protein has been purified and shown to bind to the 
operator regions, 0, and og”, used by the cl repressor protein to 
maintain lysogeny®; purified Cro‘also represses RNA synthesis 
initiated at the early promoter sites on A DNA’. Among the 
features-that make Cro interesting for further biochemical study 
are its timed physiological action'~*and apparent role in re- 
gulation of DNA replication’. Cro is also convenient for 


structural-analysis because of its extremely small size“. Here we 


report the amino acid sequence of Cro protein. 

The complete amino acid sequence of Cro protein has been 
determined by Edman degradation’® of the intact protein, and two 
series of peptide fragments, one derived from cyanogen bromide 
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Fig. 1 ` The amino acid sequence of 


Cro protein of bacteriophage ` 


lambda. Peptides are designated as 
CNBr when derived from cleavage by 
cyanogen bromide or as NBS when 


derived from MN-bromosuccinimide - 


cleavage; they are numbered sequen- 
tially in the order which they occur in 
the protein. Residue positions de- 
termined by automatic Edman de- 
gradation’? (—) or by hydrolysis with 
carboxy-peptidases*» (—) are in- 
dicated with arrows. Amino acid 
sequence analysis was performed by 
using a Beckman automatic sequen- 
- cer 890C and the Beckman DMAA 
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peptide program. Identification: of 
PTH-amino acids was iby (1) Phe-Leu-Thr-I]e-Asn-Ala-Asp-Gly-Ser-Val-Tyr- -Ala- Glu-Glu-Val-Lys-Pro-Phe-Pro-Ser 


gas—liquid chromatography'’ on a se Bae Rg NS os a — ee oS ES -A 
Varian gas chromatograph 1840 A; e St neces ee eee 
(2) high- -pressure liquid chromato- aes 
graphy'® on a Waters Associates 


liquid chromatograph with een te ee O SS E 
HBondapak C,, column; (3) amino NBS-4 
acid analysis after HI hydrolysis!’ ' i : 
| 66 l 
Asn- ies Lys-Thr-Thr-Ala- COOH - 
—— —>, 
CNBr-3 
——> _— —— > a ——» 
NBS-4 
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The proposed structure contains 66 amino acid residues with a 
calculated molecular weight of 7,351 and has ‘methionine and 
alanine as its amino and carboxyl termini respectively. The 
primary structure is in complete agreement with the amino acid 


cleavage and the other from N-bromosuccinimide (NBS) cleavage. 
Digestion of the whole protein by carboxylpeptidases A and B”° 
further confirmed the sequence on the carboxyl end. The results are 
shown in Fig. | and Table 1. 


_ Table1 ‘Amino acid compositions and other properties of peptides of.Cro protein . 


A CNBr-1 » .CNBr-2 CNBr-3 NBS-1 NBS-2 NBS-3 NBS-4 
Lys or 02: ote TAI) 7.007) - 1,33(1) 2.12(2) 2.19(2) 3.11(3) 
His pene d i pi 0.86(1) 0(1)** 
Arg i 1.14(1) 2.09(2) < 1,00(1) 1.10(1) 1.00(1) 0.10 
Asp ; a 0.38 1.23(1) 5.20(5) 1.39(1) 1.47(1) 3.08(3) 1.32(1) 
Thr ee 4:, ' 0.83(1) 4.83(5) , 0.9101) 1.87(2) 1.30(1) 2.07(2) 
Ser 0.61 x O12 2.84(3) 0.40 1.73(2) 1.06(1) 
Glu » 2.15(2) 4.69(4) 1.92(2) 1.47(1) 1.35(1). 2,26(2) 
Pro | a a = 2.0402) 2.00(2) 
Gly . 0.46 . 0.24 4.02(4) 0.65 2.16(2) 2.26(2) 0.41 
Ala > “ ; 1.311) 7.227) 0.35. 2.40(2) 3.89(4) 2.34(2) 
1/2 Cys a 
' Val 3.01(3) 0.93(1) 1.11(1) 0.96(1). 
Met |, 1.00) $ 8740) 2. 0.30(1) 0.71(1) 
Ile i ; 1.01(1) . 3: 84(4) 0.75(1) 0.56 3.80(4) 0.29 
Leu ©’. : = 105(1) _ 2.19(2) 1.09(1) . 1.16(1) ` 1.24(1) 0.10 
Tyr a 0.76(1) -` 1.84(2) oC) oDi o(1)i 
Phe ; ' 2.94(3) 0.71(1) hia 1.06(1) 0.80(1) 
Total residue l . HI oo 54 10 16 25 15 
Yield (%) -> 36.1 *.. = 35.04 . 87.5 72.0. 62.0 38.0 18.0 
Purification steps* A. A A A AC — >> ABC ABCD 
Treatment of peptidest ` , S E x FG 





*Purification steps, given in order of application. A, Gel filtration by Sephadex G-50 superfine; B, paper electrophoresis pH 6.4; C, paper 
electrophoresis pH 3.5; D, paper chromatography 

Treatment. of peptide before sequencing. E, 4-sulphophenylisothiocyanate?!; F, 2-amino-1,5 naphthalene disulphonic acid and N-ethyl, N’.(3- 
dimeth}laminopropyl)-. carbodiimide hydrochloride??; G, acetylated cytochrome c 3 mg) was added in the sequencer cup to reduce the loss of peptide 
during automatic sequencing. ; , 

tAs homoserine l ; by 

{Low yield due to loss in handling l l ' 

Detected by absorption of spirolactone 

**Brominated 
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sequence predicted from the DNA sequence of the cro gene (ref. 
11: and G. Hobom, personal communication). The composition 
of Cro protein based on the proposed sequence is Asp,Asn3- 
Thr, Ser; Glu; Gln3 Proz Glys Alas Vals Metz Iles Leus Tyra Phes 
Lys, His Arga, which is 12 amino acid residues less than the 
composition previously reported’. This difference is largely due to 
renormalisation, Careful reanalysis of Cro protein of the highest 
purity and renormalisation (based on alanine) gives a composition 
that agrees with the one calculated from the sequence within 
experimental error. ; 

The rules of Chou and Fasman!*!? have been applied to the 
amino acid sequence of Cro protein; these predict several alternat- 
ing regions of a-helix and f-sheet, consistent with an overall 
globular conformation. 

Although Cro and cl proteins recognise the same operator 
regions of 4 DNA, there is no extensive sequence homology 
between the two proteins’*. This.indicates that the two repressors 
were derived by parallel evolution rather than by partial dupli- 
cation of one of the two genes. The very different chemical nature 
of the two repressors probably reflects the different physiological 
needs of regulation during lytic development or lysogeny "%7. 
Substantial biochemical differences have already been shown in 
the affinity of the two proteins for operator DNA” S15 and in the 
effect of operator region mutations on their binding properties®. 
There is also no detectable sequence homology between Cro 
protein and the eukaryotic chromosomal protein, histone H2B'®, 
despite the close resemblance of their amino acid compositions. 
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Active transport of picrate anion 
through organic liquid membrane 


SEVERAL studies!—? have examined the concentrative transport* 
of ions through bulk liquid membranes. The energy for the 
transport in these systems is the pH difference—the chemical 
potential difference of protons across the membrane. We describe 
here a redox reaction-driven transference system in which picrate 
anion, a lipophilic anion, moves not only against its concentration 
gradient but also against its electrochemical potential gradient 
through bulk organic solvent. 

The apparatus is illustrated in Fig. 1. Two aqueous phases (L, 


‘left - R, right) are bridged by a dichloroethane layer (M) containing 


N,N,N’,N'-tetramethyl-p-phenylenediamine (TMPD). The aque- 
ous phase, L, contains an oxidising agent, ferricyanide, and R, a 
reducing agent, ascorbic acid. Figure | shows the typical data 
where the initial concentrations of picratein L and R phases are the 
same (1074 M). The M phase contains 1074 M TMPD which is 
not equilibrated with picrate before the experiment. An increment 
of picrate in R phase signifies its corresponding decrease in the L 
phase. The concentration of picrate in R phase was found to 
increase and that in L phase to decrease linearly with time after a 


Picrate (M x 10*) 





Time (h) 


Fig. 1 Concentration of picrate as a function of time. Initial 
concentration of picrate was the same in L and R phases (10-4 M). 
The experimental chamber used was essentially the same as a U- 
shaped glass tube and is illustrated schematically in the inset. The 
volumes of the aqueous solutions designated as Land R are 15 ml and 
that of the organic bulk phase, M, is 40 ml. All three phases were 
agitated with a pair of glass stirrers at a speed of 180 r.p.m. The 
concentration of picrate was determined spectrophotometrically. 
The experiments were performed in a dimmed room to prevent light- 
‘induced degradation of TMPD. O, Time course of changes in picrate 
concentration in R phase with the bulk phase not pre-equilibrated 
‘with picrate before the experiment. The aqueous phase on the L side 
contains 10mM potassium ferricyanide and the R side, 10 mM 
sodium ascorbate: both solutions were buffered at pH 9.4 with 
‘100 mM Na,B,O,-HCl. Because ferricyanide interfered with the 
‘spectrophotometrical determination of picrate, we determined the 
concentration of picrate in only R phase. The broken line is the 
calculated value of picrate concentration in L phase. @, Data 
obtained with the organic phase equilibrated with picrate. The 
method of preparation of the membraneis as follows. A given amount 
of TMPD-2HC] was dissolved with minimal volume of distilled and 
deionised water (about 0.5 ml), which was poured into 40 ml of 
sodium picrate (1074 M) buffered at pH 9.4 with 100mM 
'Na,B,O,-HCI. The free TMPD and the TMPD,, *—picrate -ion 
pair in the solution prepared as above were extracted into 40 ml of 
dichloroethane, which was washed again with picrate solution (1074 
M, pH 9.4). The organic solution was used as the barrier phase, M 
after the separation of two phases. Other experimental contlitions 
' were virtually unchanged. The rate of transference was independent 
of pH in the range pH 6.5 to 9.5. The pH was adjusted with 
phosphate or borate buffers (100 mM). Q, Transport with voltage 
clamp at 0 mV. Other conditions as above. 
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short lag period; and finally a steady state was reached. Picrate was 
transferred from L to R phase against its concentration gradient. 
The lag period became shorter or was absent when M phase had 
- been equilibrated with picrate before the experiments: The slope of 
‘the linear portion was approximately equal to ‘that obtained 
without prior equilibration. All experiments described below were 
performed using pre-equilibrated dichloroethane. The method of 
preparing the bulk phase (M) is described in Fig. 1 legend. F igure 2 
shows the rates of picrate transport in conditions of varying 
concentrations of ferricyanide, ascorbate and TMPD. The rates 
increase with increase of the concentrations of these agents and 
reach approximately the same plateau level. af 
_ The membrane potential has been shown to be important in 
transport across membranes*~°. In the case shown in Fig. 1, the 
electromotive force (e.m.f.) was initially 160 mV, rapidly décreas- 


ing to reach a steady value of 120 mV with the polarity being: 


positive in R with respect to L phase. The e.m.f. acts in the same 
direction as the picrate flux and hence it is:possible that it might be 
responsible for part of the observed flux. To examine the role of the 
membrane potential,.we clamped the potential difference between 
R.and L phases ‘at 0 mV by short-circuiting a pair of calomel 
electrodes inserted in L and R phases’. This made no difference to 
the observed results; that is, the membrane potential does not 
contribute to the transport of.picrate in this systern. This implies 
that picrate is being transported against its electrochemical 
potential gradient, that is, that the transport of picrate in this 
system is ‘active’®. i 
Our results can be explained by the following mechanism. At the 
L interface, TMPD is oxidised to a cation®:!°, TMPD,,* which 
serves as a carrier for picrate anion, picrate~. The TMPD,,* and 
picrate” ion pair migrates down its concentration gradient within 
* M phase. As'the ion pair reaches R, picrate is extracted into 
aqueous phase by virtue of a discharge of TMPD,,* due to the 
reducing agent. The neutral reduced form of TMPD,., diffuses 
back to the interface and the process-is repeated. Structures of 
TMPD,,* and TMPD,,, are given in ref. 10. The importance of 
charging-discharging process) of TMPD’ by.. the 
reduction—-oxidation reaction is also suggested by the fact that in 


Fig. 2 Rates oftransport in conditions of varying concentrations of 
ascorbate, ferricyanide and TMPD. a, Rates plotted against the 
concentration of ascorbate where the concentrations of ferricyanide 
and TMPD are kept constant at 10 mM and 0.1 mM, respectively. b, 
Rates against [Fe(CN),]*~ with ascorbate and TMPD kept constant 
at 10mM and 0.1 mM, respectively. c, Both ascorbate and 
[Fe(CN).,]°~ are held constant at.10mM. In all these experiments, the 
PH value is 9.4 buffered with 100 mM Na,B,0,—HCl, and the initial 
concentrations of picrate is 10-4 M. 
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acidic solutions, the rate of transference slowed down appreciably 
(data not shown). This may arise from protonation of reduced 
TMPD, TMPD,:a H* possibly as a result of the-lack of .the 


‘charging—discharging process. The decrease in L phase and the 


increase in R phase ofa negative charge resultin g from the transfer 
of picrate~ ‘from L to R.are counterbalanced by the production of 
negative charge of [Fe(CN),]*~ from [Fe(CN),]°~ in L phase and 
by that of H* associated with the oxidation of ascorbate in R 
phase, respectively. ae TE 

The transport of ċations™’ and amino acids? against their 
concentration gradient by coupling to a movement of the other 
ions in the opposite direction has béen reported. It should-be noted 
that no ion is‘co-transported or counter-transported in the system ` 
described here and that the energy for transferring’ picrate ‘is 
supplied directly by the free energy associated with the chemical 
reaction. The substrate to be transported in this system is not 
restricted to picrate—any lipophilic anions capable of forming 
lipid soluble in pairs with TMPD,;* may be transported. It may 
eventually be possible to prepare a membrane’system in which a: 
specific’ ‘substance is trarisported by coupling: of a chemical 
reaction. ae test aL oe 
Aa “7 o TOSHIO SHINBO* 
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Erratum 


-In the article ‘Mathematical models for the evolution of multi- . 


gene families by unequal crossing over’ by A. S. Perelson & 
George I. Bell, Nature 265, 304-310 (1977), on p. 304, paragraph 
1, line 10, ‘randomly’ should read ‘tandemly’: p. 305, paragraph 
6, lines 15 and 16 should be replaced by ‘crossover there 
are: three possibilities: (1) the number of copies of gene ï 
remains the same, (2) increases. by one, or (3) decreases, by’: 
paragraph 6, lines 17 and 18 ‘(1—A,()—n,,(0)I, Ani(t) respec- 
tively’ should read ‘TL —Ani()— Ha], An) and in, (t), respec-: 
tively’; p. 306, the right side of equation (3a) should read 
my. ' l 

Nt) ’ 
p. 306, last line in left column, ‘variance’ should read ‘second 
moment’: p. 306, the summation index should be ‘;’ not ‘J”*in 
the equation for N(#) following éqaution (3b): p. 308, line 4, 
should read ‘Pyo_, ,(t)’ not ‘Py_,,(t): equations (12) and-(13),- ‘P? 
should read ‘P,’:. the left side of equation (15) shouldread 


t 
dp,(t’) 
p(t) = : Par 
o |: oo 
the left. side of equation (16) should read © , 
A oe t © , , . ' i is 
f poet) dr’ k : i 
0 3 ` . 


(3 





dt 


paragraph 4, line 18, ‘context®®’‘should read ‘context?®’: p. 309, 
equation (18) ‘l < &, < m should read ‘0 < ÉN, <m: 
equation (19) ‘0 < € < m’.should read ‘0 < ÉN < m: 
equation. (20), the summation indices ‘€,’ and ‘€, should read 
‘EN and‘, No’. l i ' 
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Immunological sourcebook 


Lymphocyte Differentiation, Recogni- 
tion and Regulation. By David H. 
Katz. Pp. xiiit+ 749. (Academic: Lon- 
don and New York, 1977.) $42; £29.80. 


THE scope of this book is no less than 
a review of the whole of current basic 
immunology. This is approached under 
a series of chapter headings dealing 
with the surface antigens of T and B 
cells and their respective ontogenies; 
receptors and specificity of these two 
major subclasses and their functional 
properties; regulatory interactions in 
immune responses, including genetic 
control and the role of the major histo- 
compatibility complex; and finally, im- 
munological tolerance. 

This is a monumental assignment for 
one person to undertake. Two thou- 
sand three hundred references are 
quoted, most of them published since 
1970. Dr Katz’s approach has been to 
consider his selection of the relevant 
references under the headings he has 
chosen, in many cases quoting substan- 
tial details of the work under discus- 
sion. In chapters where he has 
integrated the results of several papers 
and the views of different authors, the 
story emerges as an interesting one, 
and his own views are illuminating. 
This successful approach is seen most 
in the chapters dealing with T-B cell 
cooperation, a field in which the 
author has been extensively engaged. 
One can argue with him as to his 
choice of relevant references, and the 
reservations, many times reiterated, 
with which he regards data gathered 
from in vitro systems, but the overall 
synthesis of these chapters is good; 
they are both informative and pro- 
vocative. 

The chapters dealing with subjects 
outside the author’s own experimental 
field suffer from repetition and a lack 
of synthesis of the data and inthe 
discussion presented. Some sections 
read like a catalogue of papers; for 
example, the section on H-2-restricted 
cytotoxic responses describes sequen- 
tially and in great detail each of the 
examples (this class of response to 
virus, hapten and minor transplantation 
antigens), and fails to underline the 
essential similarity of the systems and 


the important biological implications 
of the findings. The general lack of 
cross-referencing, either in the text, or 
by way of the index (which is totally 
inadequate) is most noticeable and irri- 


- tating in chapters which proceed by 


cataloguing rather than by synthesis. 
For example, the question of the bio- 
logical importance of polymorphism in 
the major histocompatibility ‘complex 
(MHC) comes up in the, chapter on T 
and B lymphocyte surface antigens in 
the sub-section on biochemistry of 
MHC antigens (p78), in the chapter on 
“Functional Properties' of T Lym- 
phocytes”? during consideration of H-2- 
restricted cytotoxic responses (pp 
281-296) and in the chapter on genetic 
control of immune responses (p530 et 
seq.); and yet there is no cross-referenc- 
ing of the discussions therein. 

The organisation of the chapters 
under the chosen headings has led to 
some.loss of clarity. This is particularly 
evident in the chapter entitled ‘“‘Func- 
tional Properties of T Lymphocytes” 
subdivided into (A) “Regulatory T 
Lymphocytes” and (B) “Effector T lym- 
phocytes”. Such a classification, which 
quite arbitrarily considers helper and 
suppressor T lymphocytes under the 
first heading and mixed lymphocyte 
reaction proliferative T cells, cytotoxic 
T lymphocytes and T cells mediating 
delayed type hypersensitivity under the 
second, obscures the distinction be- 
tween precursor T cells for any par- 
ticular function and effector cells 
which have differentiated as the result 
of exposure to antigen. The distinctive 
phenotype of the precursor cells for 
each function has been documented 
from many laboratories using anti-Ly 
antiserum, and ‘implies a precommit- 
ment to function before encounter with 
antigen. This data on precommitment 
is contained in several of the references 
quoted in the bibliography but Dr Katz 
makes only brief mention of the notion, 
quoting just one of the references in 
a manner suggesting that it contains 
the only data available on the point 
(p265). 

In a different context Ly phenotyp- 
ing is mentioned under the heading of 
“Surface Phenotype Antigens” (chap 
ter VIII) and in the' chapter on 
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“Surface Markers of T Lymphocytes” 
(chapter II). Discussion of the data, 
however, is scattered in the text, and 
these are not used to integrate earlier, 
inevitably less well defined observations 
on the separation of functional subsets 
of T cells. In some cases, as in the - 
chapter on “Ontogeny of T Cells”, 
they are not mentioned at all. 
Chapters X, on “Regulatory Cellu- 
lar Interactions’, XII on ‘Genetic 
Control of Immune Responses” and 
XIII on. “Mechanisms of Regulatory 
Cellular Interactions?” obviously con- 
tain overlapping material. In some 
cases, the division chosen has frag- 
mented and obscured the story; for 
example, the failure to follow through 
the discussion on T-B cooperation in 
chapter X with the data on factors, 
which is presented in chapter XIII. 
The factor chapter (XIII) itself is in- 
complete in as much that the geneti- 
cally restricted factor of Erb and 
Feldmann is mentioned not here, but 
in the previous chapter, to which there 
is no cross-reference on this point, and 
the suppressor factor of Kontiainen 
and Feldmann is not mentioned at all. 
There are some misquotations of 
references, some by omission (that is, 
failing to take account of the whole 
of the contents of a paper, in some 
cases, stating that the author(s) had 
not looked at a particular point, when 
they had done so) and some by addition 
(that is, fanciful addition to the data); 
but this must be almost inevitable 
when so many references are con- 
sidered, and does not occur often 
enough to mar the value of the text 
and its very extensive bibliography for 
serious readers. Informed immunolo- 
gists will be able to seek out the dis- 
cussion and references they want by 
assiduous detective work which would 
not have been necessary had the index 
been adequate and the cross-referenc- 
ing in the text more thorough. For less 
informed readers—for example, gradu-, 
ate students—this valuable sourcebook 
and bibliography will not be so 
accessible. 0O 


Elizabeth Simpson works in the Division 
of Transplantation Biology at the Clinical 
Research, Centre, Harrow, UK. 
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Nutrition and 
the brain 


Nutrition and the Brain. Vol. 1: De- 
terminants of the Availability of 
Nutrients to the Brain. Pp. x1+324. 


Vol. 2: Control of Feeding Behaviour’ 


and Biology of the Brain, in Protein- 
Calorie Malnutrition. Edited by 
Richard J. Wurtman and Judith J. 
Wurtman. Pp. 313 (Raven: New York, 
1977.) £19.50 each volume. : 


A NUMBER Of years ago a distinguished 
neurochemist remarked that if people 
continued to take up neurochemistry 
at the rate obtaining at the time, then 
everyone in the world- would. be a 
neurochemist long before the end of the 
millennium. The rate’ at which books 
about nutrition and the brain. have re- 
cently appeared seems to threaten a 
comparable natural disaster; and here 
are two more. The fact that your re- 
viewer seems to be one of ‘the few 
workers in the field who has not yet 
found the energy to produce one, may 
be the reason for a certain weariness, 
if not sourness in his approach and a 
developing propensity for denunciatory 
overstatement. But at least it will be 
agreed that a field with so much con- 
temporary competition demands more 
than usual justification ‘from the late 
arrivals. 

Someone, somewhere, will find al- 
most ‘all of them very useful; but un- 
fortunately the very misleading title of 
the series, Nutrition and the Brain, 
will not lead the literature surveyor to 
many of the better chapters unless 
they appear separately in the indexes 
under such headings as ‘Cerebral 
Energy Metabolism’, ‘The Natural 
Diet of Primates’, and so forth. How- 
ever widely one iriterprets the word 
‘Nutrition’, and‘ however all-pervasively 
‘the Brain’ controls the rest of phy- 
siology, the Editors have surely as- 
sumed too readily that their subject 
encompasses the whole of nutritional 
biochemistry and neurobiology. 

Thus, if the young scientist entering 
the field happens to be fascinated by 
evolutionary aspects of the natural diet 
of Primates, then he will be as en- 
tranced as was your reviewer by the 
erudition of the first long chapter. But 
who is to blame him if he reflects that 
all the mammalian orders grow re- 
markedly similar brains (in’ composi- 
tional and metabolic terms at least) 
whether they are gatherers or hunters, 
carnivores Or vegetarians, ruminents or 
rodents; and that these matters are 
therefore unlikely to concern him. If 
he is a neurochemist, he will already 
have read one of Sokoloff’s other ex- 
cellent accounts of cerebral energy 
metabolism. If he is not, I suspect he 


will not be much helped, even 'by’such 
a classic account, until we reassure him 
that the subject is not one which bears 
at all directly on the problems of the 
starving billions or overstuffed millions 
of this wicked world. 


The chapter on amino acid availa- 


bility to the brain may at first sight 
seem more relevant, especially to those 
who have not yet caught up with the 
‘protein fiasco’ and still believe that 
what the Third World needs most of all 


from us is steak. -The whole topic of ` 


the blood-tissue relationships of the 


brain with regard to amino acids is a’ 


marvellous one for those interested in 
transport mechanisms or in certain in- 
born errors of metabolism. It is, 
however, of no direct’ interest in the 
present context. 

It has been, known for some time 
that certain putative neurotransmitters 
are synthesised within the brain from 
particular precursor amino acids; that 
the blood levels of these latter influence 
the brain levels of the former and are 
themselves influenced by dietary intake. 
It therefore persuasively follows that 
in this particular instance, something 
about the diet influences substances 
which are held to be to do with sleep, 
or mood, or otherwise with neurotrans- 
mission. This leads by delightful presti- 
digitation to the argument that since, 
under in vivo conditions, one meta- 
bolic pathway in the brain can be 
shown to be controlled by precursor 
substrate concentration; and since the 
latter is often derived from dietary 
sources, then who knows but that all 
the other metabolic pathways may not 
ultimately be under nutritional control 
as well? We can therefore discuss as 
many of them as we please. I suppose 
it, depends what you mean by “ulti- 
mately”. If this kind of argument 
persuades you of the relevance to 
‘Nutrition and the Brain’ of its energy 
metabolism; of amino acid, folic acid, 
Biz and choline availability to the 
tissue, and of the role of B vitamins in 
nervous function, then these books are 
for you; but not, I fear, for me. 

You may even be interested in the 
blood-brain barrier, other ‘than as a 
convenient incantation for writing off 
phenomena which are otherwise diffi- 
cult to “explain”. In that case you can 
choose between chapter 2 in which the 
BBB is responsible for „the brain’s 
metabolic idiosyncracies but whose 
nature and location are uncertain; and 
chapter 3, in which the anatomical site 
is no mystery to the author and its 
properties quite well enough defined to 
“explain” a hopelessly mixed bag of 
transport mechanisms; and chapter IV 
which gives us yet another point of 
view on what may be the best-preserved 
neurobiological hoax of the twentieth 
century. At least the impartial reader 
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"will not be lulled into complacency’ by 


any uniform concensus, and the hunt 
will continue for some kind of imper- 
meable wash-leather separating the 
blood from the brain. 

Volume 2 gets prematurely bogged 
down in a discussion of the control of 
eating behaviour in 145 pages with 
827 references, as if the main elements 
of the main title (Nutrition and the 
Brain) have in some way become juxta- 
posed. The remaining three chapters, 


‘however, at last get down to the matter 


in hand. A chapter on the effects of 
undernutrition on brain morphology is 
mostly, and properly, about influences 
on brain development, although the 
authors complain that there is no in- 
formation about the adult state in this 


_ respect. Could it not be that there is 


nothing interesting to see in the brains 
of starved adults (except in those ex- 
ceptionally rare encephalopathies so 
beloved of the last chapters in tomes 
on clinical neurology)? I happen to 
think ‘that in this whole, surprisingly 
lesion-free neuropathology of develop- 
mental undernutrition, the most re- 
warding contemporary growing-point 
may lie in current attempts at quanti- 
tative neurohistology. So, it is a bit 
disconcerting to be quoted here as not 
thinking much of the idea. There are 
some formidable technical obstacles 
to be overcome, however, before brain 
structures can be realistically counted, 
so that the whole of world knowledge 
in this area could be summarised on 
half a page with about four references; 
thus, it is perhaps to be. expected that 
this chapter too dwells on matters out- 
side its stated subject, or~fills in the 
pages by reproducing chunks from ele- 
mentary textbooks of neurohistology. 
The second half of volume 2, how- 
ever, blossoms forth with two quite out- 
standing chapters on. the effects of 
widespread varieties of malnutrition on 
biochemical aspects of brain develop- 
ment, and on human behaviour. Both 
are masterpieces of clarity: the first in 
systematically describing what we know 
without ambiguity; the last in making 
it perfectly clear that there is no more 
difficult and confusing topic than the 
effects of infant malnutrition on human 
behaviour. The first, by Nowak and 
Munroe will be a classic reference 
point for a long time to come. The 
last, by Pollitt and Thomson should 
be a powerful antidote to those poli- 
ticians and the less perceptive of their 
scientific advisers who still persist in 
that simplistic non-question, “Does in- 
fant malnutrition cause mental re- 
tardation?’’. John Dobbing 


John Dobbing is Professor of Child Growth 


and Development in the Department of 
Child Health at the University of 
Manchester, UK. 
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Low temperature 
physics =~ 0 ai 


The Quest for Absolute Zero: The 
Meaning of Low Temperature Physics. 
Second edition with SI, Units. By K. 
Mendelssohn. Pp. 281. (Taylor and 
Francis: ronson 1977.) £5 





Low temperature physics, for those 
who know little. of it, often seems to 
represent the very epitome of scientific 
futility: a seemingly purposeless.. (and 
highly expensive) competition to see 
who can approach most closely the un- 
attainable absolute zero of temperature. 
They should read this book. It would 
be very likely to change their minds 
since, aS an. apologia for one of the 
most fascinating and fruitful areas ‘of 


physics to emerge this century, it could’ 


hardly be bettered. 


Mendelssohn séts low “temperature 


physics squarely in ‘its historical and 
scientific context, ' close to the centre 
of the stage during that quite un- 


precedented explosion of’ knowledge 
which took place in physics’in the early 
decades of the present century. Using 


an entirely non-mathematical approach, 
he explains with impressive clarity and 


accuracy how many of the fundamental’ 


concepts of modern physics arose from, 
- or were illuminated and supported by, 


expeniments on the novel states of 


matter which exist at very low tempera- 
tures. 


historical in structure, the story open- 
ing with Cailletet’s liquefaction of oxy- 
gen (90K) in 1877, running on to 


describe the liquefaction of hydrogen. 
(20K) by Dewar in. 1898. This first - | 


section ends with an assessment of the 
achievements , of Kamerlingh ‘Onnes 
who, by liquėfying helium (4K) in 1908 
and discovering superconductivity, be- 
came the father of low. temperature 
physics as we know it today. This sec- 
tion includes explanations of the iso- 
thenms of real (non-ideal) gases, critical 


points, cascade liquefiers and expansion . 


engines.: 

Unusually, Mendelssohn considers 
how the personal attributes of the 
researchers may crucially have influ- 
enced the extent of their scientific 
achievements... Fom example, Dewar, 
portrayed as a brilliant but autocratic 
and quarrelsome loner; failed in’ ‘his 
attempt to liquefy. helium. The prize 
fell, instead, to the much more open, 
equable and diplomatic Onnes who 
possessed the inclination and ability to 
create a scientific laboratory in the 
modern sense, successfully coordinating 
the activities of a comparatively large 


complement of technical staff, col- 


leagues, and visitors, ‘from other uni- 
versities. 


The first, four chapters are largely 


The next five chapters “include 
vigorous. and readily understandable 
accounts’ of topics such! as the Third 


Law, heat, entropy, zero point energy, 


low temperature specific heats, quan- 
tisation, radiation, indeterminacy, gas 
degeneracy, quantum statistics of ideal 
gases, Fermi surfaces, Curie’s Law, 


_ magnetic cooling and the various rami- 


fications of superconductivity. Indivi- 


dual contributions to the developing 


conceptual structure made by such 
figures as Bohr, Born, dé- Broglie, 
Einstein, Fermi,’ ‘Heisenberg; Nernst 
and Schroedinger, many of whom ‘were 
known personally to the author, are 
carefully described and assessed. 

At this point, the second edition 
diverges from the original, published 


in 1966. A whole chapter is now de-. 


voted to cryogenic technology, dealing 
with SQUIDs (superconducting quan- 
tum ‘interference devices,: used for 


' measuring tiny magnetic fields), com 


puter elements, superconducting. motors 
and generators and, of course, super- 
conducting magnets. The: final chapter, 
on superfluidity, has also been exten- 
sively reworkéd to take account of 
recent advances, particularly in the 
new and rapidly growing | ‘field of super- 
fluid helium-3:' Even so, the pace of 
current cryogenic development seems 


281 


to have outstripped production. of the 
book which, for instance, describes 
dilution refrigeration as capable of 
“temperatures approaching 0.01K in 
continuous operation”, whereas 0:003K 
is now routinely being reached by this 
technique at Grenoble. _ 

The coloured line drawings are help- 
ful. There are aiso a number of photo- 
graphs portraying most of the major 
scientific figures discussed in the text: 
of particular note is one entitled: “The 
heyday of low temperature physics. L. 
D. Landau. in discussion with the 
author in Moscow, 1957.” 

As might be. expected in a work 
with this breadth of .vision, containing 
so much of the author’s personal 
viewpoint of the scientific world, pun- 
gently and entertainingly expressed, 
there is much with which practitioners 
may take issue; but this in no way 
detracts from the success of the book 
as a whole.. Like the previous edition, 
it can confidently be recommended to 
anyone who would like to know more 
about the behaviour of matter in that 
unimaginable abyss of coldness around 
and below 1K. 

P. V. E. McClintock 


P. V. E. McClintock is a member of the 
Department of Physics at the University 
of Lancaster, UK. 





Mammalian 
development | 
Developments in Mammals. Vol. . 2. 
Edited by Martin H. Johnson. Pp. 241. 


(North-Holland: Amsterdam, New York 
and Oxford, 1977.) Dfl. 72; $29.50. 





THE second volume in this interesting and 


timely series continues in the style and 
format established in the first. There are 
both good and bad aspects to this. It was 


hoped that the small and inadequate 


typeface would have’ been’ improved but 
this volume is also difficult and ‘tiring to 
read. Such is the speed with which these 
two volumes have been produced that the 
changes. in typeface could not be intro- 
duced in volume 2. I for one look forward 
to their introduction in ‘the next issue. 
The good balanced mixture of develop- 
mental biology, reproductive physiology 
and biochemistry has been maintained. 
Two papers concern growth and matura- 
tion of oocytes, and transport and 
selection of sperm.’ These are followed -by 
three papers each considering the cleavage 
stages of rodent ‘development from slightly 
different ` viewpoints. This section. is 
particularly welcome as the subject is 
somewhat controversial, with much ` cir- 


cumstantial evidence concerning deter- 


minatién and differentiation of the two 
cell lines which emerge during cleavage. 
Here, in these three papers, all’ the 


evidence is reviewed, and the various 
interpretations that have been put on the 
data are well discussed. Of the remaining 
four papers, one reviews the in vitro 
culture systems and their application to 
the peri-implantation period, whereas the 
other three address another hotly contro- 
versial subject — the involvement of 
steroid hormones, in controlling im- 
plantation and in ‘particular to what 
extent the mammalian blastocyst may 
produce steroids and’ thus perhaps 
control, at least in part, its own 
implantation. 
’ Encouraged by editorial policy, authors 
have occasionally been speculative and 
have also used the book as an outlet for 
previously unpublished data. Although 
this policy has obvious advantages in 
publications such as this series, there are 
hazards since papers are edited rather 
than refereed, and somewhat one-sided 
arguments occasionally slip through the 
net. In this second volume, the editor has 
provided the ‘best possible answer to thsi 
problem by gathering together several 
papers on one subject, thus presenting 
argument and counter-argument side by 
side. For scientists new to the field, this 
is especially useful. Although expensive, 
this volume is good value and augurs 
well for the next of the series. 

- i ‘ Michael H. Le Snow 





Michael Snow is a Research Scientist with | 
the MRC Mammalian Development Unit, 
London, UK. 


282 


Shallow 
layers of the | 
Continental Shelf 


Exploring the Geology of Shelf Seas: 
By R. McQuillin and D. A. Ardus. Pp. 
234. {Graham and Trotman: London; 
1977. ) £10.50. 


è 


AS with many books, the. title is a 
little misleading. Although the subject 
matter is concerned with general tech- 
niques that may be used in mineral or 
even oil exploration, it would be-incor- 
rect to say that the book is concerned 
with exploration specifically. The 
NERC/IGS, ‘of ‘which the authors are 
members, uses the techniques described 
more aS mapping devices than as ex- 
ploration tools. 

The purpose of the work is to des- 
cribe how - information , about the 
shallow, layers of the Continental Shelf 
- down to about 300 metres or beneath 
Quaternary’ cover, may be obtained. 
Over the past decade, considerable 
attention. has been given by the oil 
companies to the “deep geology” of the 
North-West: European Continental 
Shelf resulting in the discovery of 
major oil and gas fields in almost every. 
geological formation from the Carbon- 
iferous to the Tertiary. In ‘contrast, 
however, very little is known of the 
near. subsurface, and there are hardly 
any maps or data published on this 
topic, even by the IGS who have by 
their own confession done the most 
work. There is thus a large gap in our 
knowledge about the nature and extent 
of bottom sediments. This i is the region 
with. which ithe IGS ‘is concerned and 
on which.the book concentrates, 

Seven of the. chapters. are devoted.to 
geophysical techniques and only one 
to the acquisition of geological informa- 
tion ,by sampling. and drilling.. This 
tends to give the book a basic im- 
balance, and it is often not fully clear 
how. the results of geophysical work 
are utilised by the geologists in making 


'. maps. Just such an account would have 


‘placed the book in perspective. None- 
theless, the book is clearly written and 
the reader should have little difficulty 
in understanding basic priniciples even 
if he is left a little in doubt as to the 
usage of the methods. 

The opening chapter deals with the 
problems of. position fixing at sea. This 
is a useful chapter by itself, as it is 
often difficult to find concise accounts. 
explaining the various methods. Once 
at sea, two sorts of observation may be 


made.e Thé first area is the sea itself, 


and’ the nature of the seafloor: the 
second, _the strata beneath the sea bed, 
from ‘which information may , be 


-naturally on the latter: - 


obtained either directly or. indirectly. 
Ways of studying the former using 
echo-sounding and sidé-scanning ‘solar 
techniques thus follow, ‘but by. far the 
greatest emphasis. is placed not ùn- 
gravity and 
magnetics,. but. particularly continuous 
seismic profiling techniques, both sub- 
bottom—sparker—and deep, penetration 


seismic, These tools; perhaps above any ` 


others, have provided’ the’ means of. 
mapping large areas using: relatively 
few geological contro] points. 


Although well intended, the chapter 


on,sampling methods: does not fully 
relate to ‘the rest of the book, and is 
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more like a Galoa than an explana- 
tion of how geophysical data is used to 
site sampling and drilling locations, or 
indeed of how maps are constructed. 
One cannot hope, however, for 


everything, and the book will be of 


value in explaining, little-known facets 
of geophysical techniques to students of 
the earth sciences who might other- 
wise find it difficult to locate me 
information. 

. _ , John Brooks 


John Brooks: is’ Senior “Geologist in the 
Petroleum: Engineering Division of the 
Department of PRETEN: HM Government, 
London, UK. , ? 





itself - somewhat disjointed, ‘ reading 
Planetary _ = 
atmospheres. | 

` The Physics of Atmospheres. By J. i Ta 


Houghton. -Pp. - xiii +203.- (Cambridge 
University: Cambridge, London, New 
York and Melbourne, .1977.) £6. 50: 


PROFESSOR HOUGHTON has written a most 
interesting book with the intent “to intro- 
duce physics students at both under- 
graduate and graduate levels to the 
physical processes which “govern the 
structure and circulation of a planetary 
atmosphere.” He is completely successful. 
The book is very strong on the aspects of 
radiative transfer, .as might be expected 
because Houghton’s group. is, the’ world 
leader in this field. Chapter 2, “A Radia- 
tive Equilibrium Model” and chapter 4, 
“More Complex Radiation. Transfer”. 
are completely:-devoted to radiative 
transfer; the latter includes a most 


valuable discussion. of how to proceed. | 
‘from molecular properties, such as line 
to computations. ‘of radiative ` 
heating. rates in realistic ` -atmospheres. 


widths, 


Chapter 5, “The Upper Atmosphere”, 
also focuses on radiative transfer and 
contains a unique detailed treätment of 
the breakdown of thermodynamic équi- 
librium. Chapter 6, “Clouds”, is mainly 
concerned with their radiative properties, 
.Chapter 7, “Dynamics’’, , chapter 8, 
“Atmospheric. Waves”, and ‘chapter 10; 
“The General Circulation” , provide an 
excellent introduction to the role of the 


large scale motions in governing atmos- 
pheric. structure. I found the’ approach . 
- here, and in. chapter 9, 


“Turbulence”, 
straightforward and efficient. It rethinded 
me of some very’ clear lectures ‘on the 
subject that,I heard from Dr John Green 
of Imperial College in. 1971. Houghton 
acknowledges a set of dynamics’ lectures 
by Dr R. S. Harwood who was formerly 
associated with Dr Green. From these 
chapters, the student could easily tackle 


the more advanced texts on atmospheric 
dynamics. . 


| Chapter. 3 “Thermodynamics”, in- 


cludes a treatment of available potential 
energy as crystallised by Lorenz. This 


concept is carried, too, in later chapters 
. and 


is most valuable in explaining 
structure. I have used it myself in‘lectures : 
on the physics of the upper atmosphere. 

One can most easily perceive’ from this 
approach that the observed structure ‘is 
the resulf. of a continuous interplay — 
between, radiative and | dynamical 
‘procésses. 

Chapter 11, “Numerical “Modelling”, 
and chapter . 12, “Global Observation”, 
again stress the radiative transfer aspects. 
Chapter 13 has the longest title of all, 
“Atmospheric. Predictability and Climatic 
Change”, but consists of only ‘two pages 
of text and three figures, and-seems to be 
an unnecessary afterthought which is not . 


‘at the same level as the rest of the book. 


Chapter 6 is also a little too short to catch 


‘the essence of the ‘physical aspects of 
clouds. These’ are, however, minor come. ’ 


plaints, for,the book as a whole is very 
well written,” and doesnot pretend to 
provide all of the physics of atmospheres. 
Į learned much from working through 
some of, ‘the’ examples (provided with 
solutions): which are an integral part of 
the text. The ‘interested student could, in 
fact, teach the subject. to himself with the 
text, the useful information in the 


, appendices and, a hand-held calculator. 


Although references are provided, little 


from them is needed to work through the 


text. I recommend the book to all physics 
students interested in atmospheres. To ‘all 
physics students, the text presents live 
examples of the laws of physics, which 
may replace the older examples of steam 
engines and ice skaters. Many first-year 
meteorology students would“also benefit 
from working through this téxt. An early 
Overview of the Subject might be very 
helpful before immersion in two years, of 
concentrated courses at the graduate 
level. 

Reginald E. Newell 


Reginald © E. Newell is Professor of 


_ Meteorology at the: Massachusetts Institute 


of Technology, Cambridge, Massachusetts.” 


Nature Vol. 270 17 November 1977 


Quirks and 
strong points 


Psychologists on Psychology. By David 
Cohen. Pp.360.: (Routledge and Kegan 
Paul: London and Henley, 1977.) 
£6.95. 


PSYCHOLOGY nowadays is a very mixed 
bag, and indeed some would query 
whether it is really just one bag. David 
Cohen’s book, which is a series of 
interviews with successful psychologists, 
illustrates very well how far apart from 
one another they are. It is not so 
much that they disagree, though dis- 
agreements there are in plenty in this 
enterprising book. What is much more 
striking is that the different psycholo- 
gists featured in this book are often so 
far apart in their subject matter, their 
approach, their conceptual frame- 
works, and their aims, that even mutual 
critcism is out of the question. 

The interviews which David Cohen 


gave to these stars of the behavioural 
world seem to have been well planned, 
and the questions are searching enough 
to bring out the subject’s quirks as well 
as their strong points. Perhaps Cohen 
should have been more critical but 
even here there is an advantage of some 
interest, because the calmness of the 
interviews seems to have brought out 
into the open a staggering complacency 
in some of the psychologists concerned. 

David Cohen’s attempts at the 
beginning and end of the book to find 


some link between the backgrounds“ 


and personalities of the different inter- 
viewees—a psychology of psychology— 
are almost certainly ingenuous; these 
people are as diverse as their work. 
The interviews which form’ the core of 
this book, however, give a clear, con- 
veniently quick though often disquiet- 
ing picture of what many of the present 
leaders of psychology think they are 
up to. P. E. Bryant 





P. E. Bryant is Lecturer in Psychology at 
the University of Oxford, UK. 





Androgen 
action 


The Mechanism of Action of Andro- 
gens. By W. I. P. Mainwaring. Pp. x+ 
178. (Springer : New York and Berlin, 
1977.) DM65.40; $28.80. 


Tus is a useful monograph written by 
an acknowledged expert in the field of 
androgen action. The book is an 
attempt to describe the molecular 
events associated with the entry of 
testosterone into androgen-sensitive 
cells and the subsequent metabolic 
changes associated with the presence 
of the hormone in these cells. 

The author uses a temporal approach 
to the problem of the analysis of 
androgen action and, as usual, much 
of the material is drawn from experi- 
ments on the rat ventral prostate. The 
author is careful to point out the reser- 
vations which must be applied in 
generalising from this animal model to 
any other species or tissue. 

The core of the book is devoted to 
an account of the initial events and 
the early and late events associated with 
androgen stimulation of target tissues. 
The author points out that, although 
androgens influence transcription and 
the synthesis of RNA, they may also 
affect other processes. The manner in 
which androgen metabolism in the 
target tissues influences the mode of 
action of androgens is considered in 
detail. The high affinity binding sites, 





@iIn the review of Perpetual Motion: 
The History of an Obsession (Nature, 


20 October, 269, 731; 1977), the price 
should have read £5.50. 





the intracellular transformation and 
the subsequent nuclear retention of 
the hormone are reviewed. The need 
to isolate and characterise the androgen 
receptor proteins is stressed. It is a 
pity that the author did not devote 
more attention to the effects of andro- 
gens on muscle and perhaps develop a 
working hypothesis or speculate on 
how they may affect this large body 
mass. 

In the latter part of the book, the 
author critically reviews his own 
studies showing that some of the 
actions of androgens are explicable on 
the basis of the increased production of 
selected mRNAs and ribosomes. Thus, 
androgen action is at least in part an 
enhancement of genetic transcription. 

The author writes: “The halcyon 
days of studies on the mechanism of 
action of androgen are drawing to a 
close.” In fact, this excellent text is a 
clear indication that this is not so. 
Future research on the mode of action 
of androgens may, however, require 
more sophisticated approaches and 
more elegant tools. The book is 
clearly written and the reader gets the 
impression of being led through some 
of the mysteries of androgen action as 
in a series of lectures. The text has the 
stamp of authority. It is written by a 
scientist who has in fact uncovered 
many of the interesting facts on the 
mode of action of androgens. The 
book will be valuable to researchers 
and to university teachers concerned 
with the mode of action of steroid 
hormones in general and androgens in 
particular. G. S. Boyd 





G. S. Boyd is Professor of Biochemistry 
at the University of Edinburgh, UK. 


283 


Geomorphology 
and remote 
sensing 


Remote Sensing in Geomorphology. By 
H. Th. Verstappen. Pp. x+214. (Else- 
vier Scientific: Amsterdam, New York 
and Oxford, 1977.) Dfl.98; $39.95. 


THis well produced book will be 
valuable to the postgraduate or 
advanced research worker, rather than 
as an undergraduate textbook. A large 
amount of material is covered in a 
somewhat condensed style. Perhaps 
one of the chief merits of the book lies 
in its extensive bibliography of sources 
in English, German, Dutch, Russian 
and French languages. Of the 214 
pages, approximately eleven are close 
printed lists of references, although 
some sources seem to have too brief a 
description, which may not be sufficient 
for procurement. 

The pages are a source of constant 
stimulus: a technique or idea is intro- 
duced, and briefly described, but the 


-reader will have to go to the original 


source for full details. This is perhaps 
a natural result of a text from an au- 
thority with the length and breadth of 
experience of the author. 

The illustrations are plentiful and 
well produced. Some are in colour, and 
a notable feature is the number of 
stereopairs printed side by side for 
viewing with a pocket stereoscope. 

Subjects covered include an historical 
introduction, a description of the types 
of imagery. available, and available 
methods of interpretation. Chapters are 
devoted to image analysis based on 
relief (stereoscopy) and density criteria; 
pattern and texture are subsumed 
within these headings. ` 

Geomorphology itself is divided into 
genetic and environment divisions, the 
latter including treatment of land sys- 
tems methods of survey. This means 
that environments and major zones 
such as coastal, glacial, tropical and 
fluvial are discussed using examples 
hard upon one another’s heels, with 
photography, radar, thermography and 
satellite imagery also intermingled. The 
examples used include lunar and 
planetary geomorphology. A final chap- 
ter deals briefly with such vital items 
as relative costs and fieldwork methods. 

This is a most stimulating book, 
but one to be dipped into and used for 
reference or browsing. Because of the 
condensed staccato style, however, it is 
somewhat indigestible. 

J. R.. Hardy 





J. R. Hardy is Senior Lecturer in Geo- 
graphy at the University of Reading, UK. 
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Biochemistry and 
pharmacology of 
venoms 


Venoms: Chemistry and Molecular 
Biology. By Anthony T. Tu. Pp. 560. 
(Wiley-Interscience: London and New 
York, 1977.) $43; £25.90. 


VENOMS have always had a peculiar 
fascination. How do they kill animals 
(and, in particular, humans)? What do 
they contain, and can any of the com- 
ponents be put to use either as tools 
in research or as therapeutic agents? 
Before the advent of modern chroma- 
tographic techniques, not much pro- 
gress could be made in the field but 
since then there has been (to say the 
least of it) no shortage of papers. The 
quality of some of these has, however, 
been exceedingly bad. Separation pro- 
cedures still require some skill and if 
the skill is lacking they lead to un- 
specified mixtures. The desire to inject 
such . mixtures (or, indeed, whole 
venoms) into animals and see what 
happens ` is (apparently) 
ought always to be firmly resisted. 

All of this means that to write a 
book on venoms is a formidable under- 
taking. It needs a considerable know- 
ledge of the relevant aspects of 
chemistry, biochemistry and pharma- 
cology and, if one is to deal with the 
effects of venoms in humans, of 
clinical medicine as well. Enough to 
daunt the strongest spirit. Professor Tu 
admits this in his preface and uses the 
phrase “monumental task”. He has, in 
the event, produced a book containing 
over four hundred pages devoted to 
snake venoms (his own’ research in- 
terest) and rather less than one 
hundred to other animal venoms 
(scorpions, bees, wasps, and so on). 
One could hold the view that this is 
a trifle unbalanced, since (for example) 
the components of bee venom have 
been extensively investigated both 
chemically and pharmacologically. On 
the other hand, it is true that a 
bewildering variety of peptides and pro- 
teins have been found in snake 
venoms and some of these have proved 
to be extremely useful. For example, 
the phosphodiesterase contained in 
many snake venoms is an invaluable 
tool in the determination of nucleotide 
sequences in nucleic acids. On these 
grounds, the long section ‘of the book 
on the enzymes present in snake 
venoms can, no doubt, be justified. 

I must confess, however, that I found 
the b&ok to be essentially uncritical. 
Most of the papers quoted seem to be 
given equal weight when clearly some 
of them (all too many, I fear) are un- 


strong. It 


satisfactory on chemical or biological 
grounds or both. What, for example, is 
the point in giving a list (p509) of the 
values reported for the (so-called) LDso 
of apamine in mice when it is per- 
fectly clear that the correct value is 
that given by Habermann (in 1972, 
incidentally, and not as quoted) and 
subsequently confirmed by other 
workers? How does one feel about the 
(supposed) component of bee venom 
called “‘cardiopep’”’? Ought ‘one not to 
entertain the suspicion that the bio- 
logical effects ascribed to it are really 
due to noradrenaline (shown to be 
present in the venom, as distinct from 
the venom gland, by Banks et al., 1976, 
and -not, as given, by Owen, 1971)? 
Again, what about minimine? This is 
certainly my favourite substance (or 
non-substance) because its biological 
activity is supposed to be the produc- 


Basic statistical 
handbook 


A Handbook of Numerical and Statis- 
tical Techniques. By J. H. Pollard. 
Pp.xvi+ 349. (Cambridge University: 
Cambridge, London and New York; 
1977.) £13.50. . 


WHEN books on basic Statistics con- 
tinue to appear with amazing 
regularity, it is refreshing to find one 
which more than permutes the ‘usual 
material’. This book not only describes 
essential statistical techniques but gives 
a welcome priority to elementary 
numerical methods. 

The author aims to help computer 


‘users, firstly to understand the output 


of statistical packages, and secondly to 
adapt these and similar packages for 
programmable calculators to suit their 
own requirements. Although it is not 
a textbook of elementary numerical 
and statistical techniques, its uniformity 
and clarity of presentation, together 
with its comprehensiveness, should give 
it wide appeal. A basic knowledge of 
mathematics is assumed. 

The contents have been skilfully 
divided into three parts. Part I (seven 
chapters), after a brief introduction 
to essential basic mathematics and a 
helpful discussion of sources of error, 
describes numerical methods for locat- 
ing the roots of non-linear equations, 
data smoothing, integration, dif- 
ferentiation and interpolation. It 
finishes with a variety of useful tech- 
niques including the regrouping of 
grouped data, the fusing of smooth 
curves and steepest descent. 

Basic statistical techniques, except 
regression, are presented in part II 
(seven chapters) which, after briefly 
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tion of miniature flies from the larvae 
of Drosophilia melanogaster (whoever 
would think of such an experiment?) 
One could continue, but the list of 
doubtful substances and even more 
doubtful biological activities would be 
long and tedious. In defence of Pro- 
fessor Tu, I must say that, in my view, 
no one man could read and assess cri- 
tically all the literature in this area. 

It is a pleasure to be able to say that 
the book is well produced, well laid 
out, and that the references are re- 
markably up-to-date and (for the most 
part) remarkably complete. The book 
will certainly be of value (if only for 
the references) to workers in the field 
and to those wishing to enter it. 

C. A. Vernon 


C. A. Vernon is Professor of Chemistry 
at University College, London, UK. 


introducing probability theory, de- 
scribes the important frequency dis- 
tributions including the Pearson system. 
Two chapters devoted to hypothesis 
testing and point and interval estima- 
tion provide a broad survey of para- 
metric and distribution-free statistical 
tests. Each test is presented in a 
standard: format which facilitates both 
comprehension and correct application. 
This part ends with three special topics 
—random numbers, data transfonma- 
tion, and censored and truncated dis- 
tributions. 

Part III (four chapters), devoted to 
the method of least squares, describes 
simple linear regression (with and 
without matrix notation) and most of 
the associated statistical tests. (Unfor- 
tunately, the statistical comparison 
of two or more regression lines has 
been omitted.) Curvilinear and 
multiple linear regression are presented 
succinctly, using matrix notation, 
and this part ends with an introduction 
to non-linear regression. 

Throughout the book, each tech- 
nique is separately referenced and well 
illustrated with a fully-worked example, 
usually from the life sciences. Special- 
ised tables are sensibly interspaced with 
the text, while those of more general 
application are placed in an appendix. 
Every chapter includes a selection of 
exercises though unfortunately the 
answers are not given. 

This handbook has been carefully 
assembled, it is easy to use, and cross- 
referenaing is kept to a minimum. It 
Should ‘be a valuable asset to the 
scientist and the statistician. 

A. L. Johnson 





A. L. Johnson is a statistician in the MRC 
Statistical Research and Services Unit, 
University College Hospital Medical 
School, London, UK. 
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Bruce C. Heezen 


Proressor Bruce C. Heezen of the 
Lamont—Doherty Geological Observ- 
atory, New York, died on 21 June 1977 
at the age of 53 of a heart attack while 
working on board the U.S. nuclear 
research submarine NR-1 studying the 
Reykjanes Ridge south of Iceland. 

-With his late colleague, Professor 
Maurice Ewing who was founder and 
director of the Lamont (later Lamont- 
Doherty) Geological Observatory, 
Bruce Heezen played a major part in 
the rapid post-war expansion of our 
understanding of the morphology and 
geology of the deep ocean floor, on 
which the now widely accepted theory 
of plate tectonics is based. 

During the war. the techniques for 
studying the deep ocean improved im- 
mensely so that in the early 1950s all 
sorts of new geological and geophysical 
data were being collected from the in- 
creasing number of research cruises. 
With Maurice Ewing, Bruce Heezen 
saw the enormous potential in the 
thorough compilation and analysis of 
these data, especially the morphology, 
on a world-wide scale. Because of the 
restrictive attitudes of the U.S. Navy 
on the publication of contour charts, 
he was forced to develop, with the 
cartographic skills of Marie Tharp, the 
physiographic diagram style of pre- 
sentation of seabed morphology. These 
charts, several of which were published 
by the National Geographic Magazine, 
have been widely used by those in- 
terested in the oceans and have con- 
tributed significantly to an appreciation 
of what lies beneath the sea surface. 
His analysis of ocean floor morphology, 
initially of the North Atlantic and 
published as a Special Paper of the 
Geological Society of America in 1959 
but later extended world-wide, became 
the basis of a physiographic classifica- 
tion used now by oceanographers, 
geologists and even by lawyers. 

During these morphological studies 
in the late 1950s he made what I 
believe to be his greatest contribution 
to the earth sciences. He recognised 
that the major ridge systems which 
lay roughly in the centre of many 
oceans were in fact linked into one 
continuous, although sinuous, mountain 
range 40,000 miles long and covering 
an area equal to that of all the con- 
tinents combined. He found that the 
axis of this mid-ocean ridge system 
was associated with shallow seismicity 
and was able to predict the existence 
of hitherto unknown ridges southeast 


of Africa and across the Arctic ocean. 
Along the axis Heezen, and his col- 
leagues Tharp and Ewing, noted a 
more or less continuous valley which 
was morphologically similar to and 
actually linked to the Red Sea and 
the East African rifts, and also to the 
tension cracks in the central Icelandic 
graben. It was clear that along this 
40,000 mile axis the crust of the earth 
was under tension and splitting apart. 
Heezen saw this initially as evidence 
for an expanding earth but dropped 
this idea when the subduction mech- 
anism was discovered to absorb the 
excess crust and global plate tectonic 
theory developed. 

Although Heezen was able to view 
the oceans on a global scale, he was 
concerned with all scales of deep-sea 
geological processes. He recognised 
that far from being quiet passive 
regions, the abyssal deeps were dis- 
turbed by fierce and destructive tur- 
bidity currents which contributed to 
the cutting of submarine canyons, 
transported sediment great distances 
along the sea floor and which gave rise 
to abyssal plains. He was interested in 
all modes of sedimentation and 
pioneered the study of deep-sea bed- 
forms, such as sand waves and dunes, 
and their relation to near-bottom 
ocean water movement. In his search 
for details of bottom processes he ex- 
ploited the use of bottom photography 
to the full, superbly and readably 
presented to the general public in his 
book with Hollister, The Face of the 
Deep (1971) nominated for a USS. 
National Book Award, and in the last 
decade he made numerous dives in 
research submersibles to observe the 
bottom directly. 

Heezen was much concerned with 
the practical problems presented by the 
deep ocean. For years he advised the 
cable industry on the potential hazards 
to deep-sea cables from geological 
causes and much of his submersible 
work was directly related to naval re- 
quirements. He was an ardent sup- 
porter of international collaboration, 
especially the GEBCO bathymetric 
chart project, and pioneered the carto- 
graphic presentation of geological and 
tectonic data for the Commission for 
the Geological Map of the World. 

Born in Iowa, Bruce Heezen 
obtained his bachelor’s degree from 
the University of Iowa in 1948 and his 
Ph.D. from Columbia University in 
1957. He joined Maurice Ewing in the 
formative stages of the Lamont Geo- 
logical Observatory and spent his work- 
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ing life there, becoming assistant 
professor in 1960 and associate pro- 
fessor in 1964. He was an enthusiastic 
and hard-driving seagoing scientist 
dedicated to using ship-time to its 
fullest extent. In the same way he 
used his time ashore to the full, often 
hard at work until the small hours in 
his rambling and paper-filled house on 
the Hudson River and yet never too 
busy to devote time to his students. 
Neither did he stint himself in some of 
the pleasures of life. He was always 
good for a party, beaming, boyish in 
appearance and heavy in build. He had 
a strong and provocative personality, 
not mincing his words when he felt 
strongly about an issue, and it was 
tragic, but perhaps inevitable, that his 
early collaboration with the equally 
strong personality of Maurice Ewing 
should have changed into a bitter 
quarrel in which both parties as well 
as the science suffered. 

Heezen’s contributions to science 
have been recognised by the award of 
the Cullum Geographical Medal and 
the Francis Shepard Medal for excel- 
lence in marine geology, and in June 
this year by the award by the American 
Geophysical Union of the prestigious 
Walter H. Bucher Medal for his life’s 
work of “original contributions to the 
basic knowledge of the earth’s crust.” 

His loss will be keenly felt by his 
life-long collaborator, Marie Tharp, his 
many colleagues, friends and students, 
and by the whole marine geological 
community who owe so much to his 
energetic research, his insight into the 
deep oceans of the world and his 
inspiration of his students. 

A. S. Laughton 


Howard Hinton 


PRoFEsSSOR Howard Everest Hinton 
FRS died on 2 August 1977, aged 64. 
He was one of the few remaining 
polymaths in the field of biology, 
having wide interests in many 
branches of the subject. However, 
he had a remarkable ability to become 
expert in any topic within a remark- 
ably short time, so that few of his 
acquaintances, meeting him in con- 
nection with one facet of his interests, 
realised that this was not his major 
subject of study. Even his friends were 
often surprised by discovering his in- 
volvement in new fields of interest in 
science and the arts, as well as by his 
political naivety. 

Hinton was born in Mexico, and his 
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reminiscences of his childhood sug- 
gested that his early education was 
far from conventional. It clearly did 
not allow him to achieve his academic 
potential, for he was not thought well 
grounded enough to enter the Univer- 
sity of California at Berkeley, and had 
to content himself with admission to 
St José State College. However he so 
distinguished himself that he was soon 
able to transfer to the Berkeley cam- 
pus. As a student he is said to have 
been aggressive and somewhat anti- 
social, with political attitudes and a 
concern for the underdog which, even 
at Berkeley, were forty years ahead 
of their time. Nevertheless he was 
clearly a brilliant student, and after 
taking his B.Sc. he moved to Cam- 


bridge, England to take his Ph.D. 
under the supervision of Dr 
A. D. Imms. 


His main academic preoccupation 
at that time was beetle taxonomy, but 
his wider interests were already ap- 
parent. He went on scientific expedi- 
tions to his birthplace, Mexico, in 1933 
and 1934, and in 1937 to Peru, Bolivia 
and Brazil. In 1939 he was appointed 
Assistant Keeper at the British 
Museum (Natural History) in London, 
first to work on what was to him the 
new subject of orthoptera (he soon 
made himself an expert) and then on 
the group which were still his main 
interest, beetles. He caused some con- 
cern to the authorities at the museum, 
for he was not prepared to adopt the 
gentlemanly working hours (10 to 5) 
then generally accepted. He slept— 
or worked—night after night in the 
museum during the blitz and often 
even when there were too few bombs 
falling to make this respectable. His 
scientific output was prodigious, in- 
cluding a 350 page monograph on the 
beetles affecting stored products in 
addition to a great many solid papers 
on insect taxonomy and phylogeny. 

His work at that time included 
studies of larval lepidoptera, which 
led to a general interest in lepidopteran 
phylogeny. Some of his colleagues at 
the museum thought that he was 
devoting too much time to such studies 
and not to conventional taxonomy. 
Hinton was therefore glad to move, 
in 1949, to Bristol University as 
Reader in Zoology. This gave him 
greater freedom to choose his fields 
of study, a choice of which he made 
good use. He was elected FRS in 1961, 
to a personal Chair of Entomology in 
1964, and became Professor of Zoo- 
logy and head of the Department in 
1970. At Bristol his ‘best known 
research was his delicate work with the 
scanning electron microscope, with 
whiclt he studied and elucidated the 
functional morphology of many forms 
of insects and their developmental 
processes, 


Surprisingly for someone not 
brought up in the English countryside, 
Howard Hinton was an excellent field 
naturalist familiar with the flora and 
fauna of Britain. In fact he said that 
he derived his inspiration for his ap- 
parently esoteric laboratory work from 
his observations of living creatures in 
their natural environment. That his 
interests were not restricted to insects 
was further demonstrated by his pro- 
duction (with A. M. S. Dunn) of an 
attractive book on Mongooses. 

As well as being an acute observer, 
a formidable synthesiser and a stimu- 
lating teacher, Hinton was an efficient 
and hardworking editor. He started 
and brought to success two major 
scientific periodicals, the Journal of 
Insect Physiology and the Journal of 
Insect Biochemistry. Most scientists 
would have felt that editing only one 
such publication was, in itself, a full- 
time job, yet Hinton managed both 
without any apparent reduction in his 
research or other activities. From 
1969-70 he was also an effective 
President of the Royal Entomological 
Society, and in- 1972 of the British 
Entomological and Natural History 
Society. Even towards the end of his 
life, when he knew that he was un- 
likely to survive until the date of his 
projected retirement in September 
1978, he continued his activities with 
undiminished vigour and even com- 
pleted his massive, three volume, 
monograph on insect eggs. His work 
in many fields will be appreciated for 
many years to come. 

Kenneth Mellanby 


Leonard Eastham 


PROFESSOR L. E. S. Eastham died on 
19 July 1977 at the age of 84. Many 
former students remember him with 
gratitude and affection, for his under- 
standing of their problems and his 
effective and unspectacular help. He 
came originally from Lancashire, and 
studied agriculture at the Harris Insti- 
tute, Preston. This course was inter- 
rupted by the 1914-18 war, when he 
served. in the Special Brigade of the 
Royal Engineers. After demobilisation 
he crossed the Pennines to Leeds, and 
studied zoology under Professor Walter 
Garstang. From 1921-27 he was 
lecturer in zoology at Birmingham 
University. 

In 1927 he was appointed Lecturer 
in Advanced and Economic Ento- 
mology at Cambridge University. At 
that time Cambridge gave scant recog- 
nition to those coming from universities 
other than Oxford and Trinity College, 
Dublin (holders of provincial doctorates 
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were Officially ‘Mister’) and Eastham’s 
position was, at first, not a comfortable 
or an easy one. I rember him saying 
that some of his colleagues were so 
anxious to show their high social status 
that they forgot to behave like gentle- 
men. However, he was soon warmly 
accepted by his students, particularly 
those taking entomology in Part 2 of 
the tripos. He proved an inspiring 
teacher; his knowledge of agriculture, 
in a department where few had such 
practical experience, made the subject 
live, and a number of his students 
went on to important work in economic 
entomology in many lands. 

From 1932 to 1958 Eastham was 
Professor of Zoology at Sheffield. 
Before the 1939-45 war the department 
was tiny, with only two other academic 
colleagues. Except for large classes of 
medical and dental students (1st M.B.) 
the number of undergraduates was not 
great, but there were separate classes 
for intermediate, general degree and 
special honours students, and a heavy 
teaching load which would overwhelm 
most present-day academics. Eastham 
bore his full share of the teaching, 
always maintaining his standards. He 
ran the department efficiently with 
next to no secretarial help. And he 
continued actively in research, produc- 
ing a stream of scholarly and original 
papers. l 

After the war, the university, and 
the zoology department, grew rapidly 
to many times its previous size. 
Eastham was Dean of Science, and, 
from 1946-50, the first Pro-Vice- 
Chancellor. These and other outside 
duties did not prevent him from con- 
tinuing his close and valued contacts 
with his junior colleagues and his pre- 
sent and past students. 

From 1946 until his retirement 
Eastham played an important part in 
the creation and development of the 
new universities being established 
throughout the British Empire. In 1946 
he was a member of a party under: Sir 
Wiliam Hamilton Fyfe’s chairmanship 
which visited West Africa and selected 
the site for the future university of 
Ibadan. He was a member of the Inter 
University Council for Higher Educa- 
tion in the Colonies (now for ‘Over- 
seas’) and its executive, and he paid 
many visits to the embryonic univer- 
sities and served on the Council at 
Ibadan. His visits were always appreci- 
ated; unlike many of the ‘experts’ who 
were similarly involved he always took 
the trouble to learn the facts, especially 
when political and other troubles arose, 
and his shrewd but sympathetic assess- 
ment helped and encouraged those 
trying to establish institutions of high 
academic standards under difficult 
conditions. 

Kenneth Mellanby 
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No jobs left for the boys 


A CRISIS is approaching in the employment of scientists in 
the academic and closely-allied worlds of the UK. Nothing 
explosive will herald its arrival; there will be no dramatic 
day on which we shall all wake up to find the newspapers 
full of it. Rather, over the next few years it is going to be 
more and more difficult for young people of an academic 
frame of mind to find a satisfying career. And no-one needs 
reminding that the influx of young staff is essential to the 
continued vitality of most academic departments. 

The reasons for this crisis have often been discussed in 
these columns; they stem from three clearly defined factors. 
First, relatively few people are retiring from university 
posts at present, or, for that matter, from research-council 
laboratories or the scientific civil service. The enormous 
university expansion in the middle 1960s has left the system 
with large numbers of people now middle-aged : fewer than 
1% of all university staff retire this year. The civil service 
has a somewhat more uniform age distribution, but even 
so less than 2% retire annually at present. 

Second, for the past four years university finances have 
not allowed vice-chancellors the luxury of filling even such 
posts as have become vacant without asking the most 
searching questions about the prudence of taking on a New 
long-term commitment. The resultant partial freeze on 
hiring has nudged the student-staff ratio up to around 
10:1, or from another point of view has called for an 
increase in the productivity of university staff. 

Third, long term projections of student numbers un- 
ambiguously point to smaller universities in the 1990s. For 
the past ten years the decline in the numbers of those of 
university age (following the post-war baby boom) has been 
offset by a steady increase in the percentage of these who 
seek, and are qualified to receive, higher education. This 
percentage now seems to have peaked and to be in slight 
decline whilst the numbers in the relevant age group are 
rising to a new peak in 1981. For the past ten years then 
and the next five it seems as if substantial demographic 
swings will have been moderated by changes in the per- 
ceived desirability of going to university, resulting in a slow 
and controllable expansion in student numbers. But what 
happens beyond 1981 is anybody’s guess. One thing is 
certain: that by the early 1990s numbers in the relevant 
age group will be more than a quarter down on those for 
the early 1980s. So the problem of adjusting university 
Staffing to cope with this demographic change is a severe 
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one now, and will presumably become even more severe 
in the late 1980s as those educated at the time of the peak 
start to look for academic posts. 

Thus, to get a job in 1977, you need to find someone who 
is retiring from a university that is not plagued by financial 
problems and is confident that in the long-term its student 
numbers will hold up. Needless to say you will not be the 
only applicant. And you will find the same competitors 
pursuing the same limited opportunities in research-council 
establishments. A supply of suitable people in excess of 
the demand for them must be one of the factors ensuring 
that low academic salaries hardly pose a headache to the 
government, despite mass lobbies and palpable inequities. 

How do we get ourselves out of this bind, ensuring that 
bright minds are not wasted? Clearly some specific initia- 
tives, such as support of more young scientists by the Royal 
Society, help to take a little of the strain. But it is unlikely 
that the problem will be seriously alleviated without some 
radical steps being taken—and in present circumstances 
these steps can hardly be vast expenditures on new 
laboratories. If they are we run the danger of acquiring yet 
another group which grows old together and doesn’t start 
to open up further employment opportunities until the year 
2010. . 

The unspectacular alternative (it can hardly be called a 
solution) is for very serious examination of the knotty prob- 
lems of tenure and retirement. In the past ten years 
scientists, reflecting a national trend, have become ever 
more cautious of any sort of employment which left them 
without security. above the age of 30, and have then felt 
safe until the age of 65. The civil service have, of course, 
led the way in providing a lifetime of stability. There is 
certainly a lot of good in buffering scientists from short- 
term change, but is the only alternative a thirty-five year 
guarantee of employment or, put another way, exclusion for 
thirty-five years of someone else from the same employ- 
ment? Surely not when times are becoming progressively 
harder; some new form of contract of employment must be 
worked out which can respond to the aspirations of young 
scientists for employment without humiliating senior col- 
leagues who have given a lifetime of service. Talks are 
already proceeding on these matters between various 
interested parties—those involved need every encourage- 
ment to come up with some flexible proposals as soon as 
possible. O 
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Will the voice of science of the Third World be heard? 


Michael J. Moravesik of the Institute of Theoretical Science, 
University of Oregon, appeals to third world scientists 





More than nine tenths of the scientific activity of the 
world takes place in countries comprising one quarter of the 
world’s population, and most of the Third World at the 
present is virtually ‘out in the cold’. The result is a strong 
inferiority complex, a necessity of subsisting on scientific 
and technological ‘hand-outs’ from the advanced countries, 
and a society which has not felt the impact of the dynamic 
world view that the practice of science can engender. 

Some of the reasons for this state of affairs are internal 
to the developing countries themselves, some external. 
Much of science development must be done by indigenous 
manpower, with local resources. Other aspects of such a 
development process hinge on cooperation from the outside 
since science is a collective undertaking. 

It is also a somewhat esoteric undertaking. Its aims, 
results, and needs do not automatically percolate into 
society which lacks the background and perspective to 
initiate interaction with science. Therefore scientists them- 
selves must establish communication with people outside 
their ranks, and attract support for science making. 

In this respect, again with some notable exceptions, the 
small scientific communities of -the developing countries 
have been quite ineffectual in the past. There are two main 
groups who should have heard their voice: the. policy 
makers in their own countries, and the world scientific 
community. 

It is rare to encounter a developing country. where 
decisions affecting the provisions for. local science are 
significantly influenced by the active, working scientists of 
the country, instead of by civil service bureaucrats or by 
one-time scientists of advanced age ‘who have long lost 
whatever contact and involvement they might once have 
had with actual science making. Such ‘science policies’ 
therefore are often restricted to the discussion of vague 
generalities, and in any case deal predominantly with 
technology and not science. 

It is even rarer, however, to encounter a forceful and 
articulate voice from the Third World speaking out to the 
worldwide scientific community on behalf of the second 
class members of this community who happen to live in 
the developing countries. The large, international magazines 
used for communication among scientists seldom contain 
analyses and proposals for reform from representatives of 
the Third World and the large ‘international conferences 
very rarely hear from such representatives about ways to 
make the practice of science more equitable throughout the 
world. The problem lies outside the consciousness of the 
overwhelming majority of working scientists. 


Opportunity: a UN Conference 

The next two years appear to offer a favourable oppor- 
tunity to effect a change in this state of affairs. Sometime in 
1979 a huge United Nations World Conference on Science 
and. Technology in Development will take place at which 
it should be possible for science in the Third World to speak 
out, should it decide to do so. 

In particular, national position papers are being prepared, 
which discuss a country’s needs and cooperative capabilities 
and put forward specific ideas and proposals with respect to 
any of the four main areas of the conference; science and 
technology for development, institutions, the United Nations 
systen?, and science.and ‘technology and the future. 

It has been-urged that the preparations of these country 
papers throughout the world be done in full consultation 
with all interested parties. Yet, it is quite possible that the 


preparation of these most important documents in many 
countries is being done by a small group of people who are 
perhaps not even involved in scientific activities. 


An appeal 
Thus the first appeal I would like to make is that scientists 
in developing countries make a most strenuous effort to 
partake in their own countries in the formulation of the 
country papers. There is no time to be wasted in doing so: 
the country papers are being written right now, and thus 
the input must be forthcoming promptly and forcefully. 
There are perhaps three main relevant areas. 

© First, in the area of scientific education. Especially in the 
initial stages of the scientific development of a country, at 
least some of the indigenous scientific personnel must be 
educated abroad, and in this process cooperation from the 
scientifically advanced countries is an absolute necessity. 
The problems that arise are not only financial but also 
centre around the special needs such ‘foreign’ students 
have in the context of the education they receive abroad. 
Proposals have been formulated previously in a profusion 
of articles and meetings. Action is now needed. 

@® The second area of concern should be scientific com- 
munication. At the present all scientific communication 
channels are structured so that the scientifically rich get 
richer, and the scientifically‘ poor poorer. Journal distribu- 
tion, report and preprint circulation, personal visits, study 
leaves, conferences, and so on are all designed to yield 
scientific results tomorrow and hence neglect the yet evolv- 
ing scientific institutions which promise to produce only the 
day after tomorrow. This Subyeet has also been fully discus- 
sed in the past. 

® Finally, and perhaps most ‘aperantly: one must create 
a worldwide atmosphere of opinion in which it is recognised 
that partaking in the practice of science is a legitimate, nay 
crucial, ingredient in the overall development process for 
all countries of the world. The condescending view that 
doing science is for the rich, and that the developing 
countries should rather strive to become better fed intel- 
lectual and technological slaves to the advanced countries 
must be changed. Development is a broad concept, and it 
includes equitability not only in GNP per capita, but also 
in the self-image of countries with respect to their overall 
contribution to and standing in humanity. Science develop- 
ment is a very significant element in this. 

The second appeal I want to make to scientists in the 
Third World is to urge them towards articulation through an 
alternate channel. While much of the formal activity of the 
conference will be through the process of country papers, 
the atmosphere of the conference, the stand of individual 
delegates and speakers, the structuring of the discussion, 
and in fact even the details of the various country papers 
from the scientifically more advanced countries can all be 
significantly influenced by forceful communication through 
direct channels. Thus it seems that scientists from the 
Third World should ‘campaign’ by writing and speaking to 
fellow scientists the world over, to professional societies and 
journals, and to the conference organisers, the special office 
for the conference, headed by Joao F. de Costa, at the 
United Nations in New York. The more specific and pro- 
gramme-oriented statements and communication are, the 
more likely they will be assimulated into some action. 

In summary, this appears to be the time for scientists 
of the Third World to rise and let their voice be heard. The 
psychological circumstances are favourable because of the 
huge build-up the conference is getting in political terms. 
The channels are also available. All we need now is action. 


0O 
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Combatting rickets 


Researchers, nutritionists and policy-makers face 
a problem over rickets in Britain, as Alastair Hay explains 


A QUICK survey of the British 
public would suggest that its 
nutritional problems are not due to a 
lack of food. Yet even in the midst of 
overconsumption a specific nutritional 
deficiency—that of vitamin D—has 
been defined in certain sections of the 
population. Rickets, known to genera- 
tions of Europeans as the ‘English 
disease’ is now a problem in the 
children of Britain’s Asian community 
and occurs sporadically in some of the 
infants of the country’s poorest popula- 
tions. It was first reported as being a 
serious problem in the Asian children 
of Glasgow almost sixteen years ago 
and has since been observed in one 
Asian community = after another 
throughout the country. 

The summer issue of Science for 
People—the publication of the British 
Society for Social Responsibility in 
Science (BSSRS)—asserts that the UK 
Department of Health and Social 
Security (DHSS) actually causes 
rickets. The journal is noted for a 
blunt approach to the issues it tackles, 
but this attack will not be viewed 
altogether unfavourably by many 
clinicians concerned with the health 
of Britain’s Asian population and 
particularly with the problem of rickets. 
They point out that the problem is 
well known—perhaps too well known 
—and that there has been no shortage 
of surveys and quotable figures. They 
claim that most of the answers to this 
proven dietary deficiency are known, 
but that the DHSS has so far failed to 
adopt a positive approach. 

Faced with such hostility the DHSS 
has been giving the matter serious 
attention. The department's Committee 
on Medical Aspects of Food Policy 
(COMA) is reviewing the whole ques- 
tion of bone disease contracted as a 
result of nutritional deficiency. The 
committee’s deliberations have been 
somewhat protracted and are still by 
no means completed. But a report is 
expected that will produce some 
recommendations for action. 

It is children who suffer from rickets; 
the same bone disorder in adults is 
termed osteomalacia. It results from 
an inadequate supply of vitamin D. 
The vitamin is required for the active 
absorption of calcium and phosphorus 
from the gut. When this mineral supply 
is reduced in vitamin D deficiency, 
the body, in order to maintain blood 
mineral levels, has recourse to its only 
other source of supply, the bones. 
Bone growth ceases, the skeletal 
structure become progressively weaker 


and eventually deteriorates to produce 
‘bow-leg’ or ‘knock-knee’ rickets. 
Although biochemists are having a 
field day trying to elucidate vitamin 
D’s exact mode of action, at the nutri- 
tional level the problem would seem 
to be simply that of ensuring an ade- 
quate supply. But the solution is not 
as easy as it seems, which could be 
one explanation why the DHSS is 
taking so long to formulate a policy. 
The question that needs answering 
concerns the most effective vehicle for 
administering the vitamin: should it 
be done through chapati flour, or milk, 
or vitamin D capsules, or tablets? 


As a major constituent of the diet 





n 


of most Asian families, chapati flour 
would seem to be an ideal medium 
through which to add extra vitamin D 
to the diet. The technical problems of 
mixing the vitamin and of its preserva- 
tion have been solved, and clinical 
trials using vitamin D-fortified chapati 
flour have shown its effectiveness as a 
method of administering the vitamin. 
A problem may arise with regard to 
the concentration gradient. It is child- 
ren, not adults, who are most in need 
of extra vitamin D, and adults consume 
more flour per head. The answer would 
be to have two types of flour, one forti- 
fied and recommended for children, the 
other unfortified. But as a spokesman 
for a bread company says: “Someone 
has to pay for the process”. 

Milk poses different problems, There 
are no legal constraints to forbid 
fortifying chapati or brown flour with 
nutrients; this is not true of milk. 
Britain is bound by an EEC directive 
forbidding any alteration to the com- 
position of milk. When the issue was 
discussed in Brussels, several European 
countries were in favour of legislating 
for a 34% fat level. Britain fought this, 
primarily on financial grounds, and 
insisted on the right to have milk 
virtually unaltered from cow to con- 
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sumer (most milk would have to have 
fat removed to attain the 34% figure). 
The British case was conceded, but at 
the time Asian rickets was not con- 
sidered to be a problem: now it is. 
Before embarking on any milk forti- 
fication programme Britain would first 
have to return to the negotiating table, 
which could be embarrassing, but little 
choice may remain if the DHSS comes 
out in favour of using vitamin D- 
fortified milk. The arguments in favour 
of its use are strong. As children drink 
more milk than adults, it would reach 
the population most in need of treat- 
ment. Those in favour of milk point 
out that Canada fortifies milk, milk 
products and margarine with vitamin 
D; the United States does the same 
and much else besides. 

As for the third suggestion that 
vitamin D capsules or tablets be dis- 
pensed either at clinics or in schools, 
staff in some schools are opposed on 
the grounds that the procedure of 
identifying children in need from the 
school register is too complicated. 

As breast-fed babies in Britain rarely 
develop rickets any health education 
policy ought to discuss the merits of 
breast feeding as well. The reason for 
this immunity is not yet clear, but is 
probably related to the fact that the 
breast milk of vitamin D-replete 
mothers contains a fairly high concen- 
tration of the vitamin present as 
vitamin D sulphate. Some groups of 
immigrant women stop breast feeding 
when they arrive in the country and 
resort to doorstep milk. 


No significant impact 

It is generally acknowledged that the 
health education programmes dealing 
with rickets have failed to make a 
significant impact in the Asian com- 
munity. Some clinicians argue that 
these programmes have failed dismally 
in alerting local doctors and health 
workers to the seriousness of the prob- 
lem. They add that there is great inertia 
at the level of the community physi- 
cian, that many doctors are reluctant 
to become involved in preventative 
campaigns, and that many health 
workers have not been informed that 
the problem exists. 

That rickets is present in the Asian 
community, and a serious problem, is 
not in doubt. Some may query the 
figures for the prevalence of the 
disease, and argue for more informa- 
tion. Others will say the evidence is 
now so overwhelming that action must 
be taken. The DHSS recognises that 
many doctors expect its COMA com- 
mittee to make some positive recom- 
mendations stressing the need*for a 
food fortification programme backed 
up by a good health education policy 
reaching all the Asian community. DO 
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More cash for British science 


THe UK Advisory Board for the 
Research Councils (ABRC) is consider- 
ing how to divide the second windfall 
to have landed in its lap this month 
amongst the five research councils. In 
reply to a question in the House of 
Commons late last week Shirley 
Williams, Secretary of State for Educa- 
tion and Science, announced an extra 
£4 million for the science budget which 
is to be spent on “new capital work” 
in 1978-79. It is in addition to the 
£4 million allocated to the research 
councils in the mini budget at the 
beginning of the month. 

The new £4 million is to come out of 
the £400 million allocated to the con- 
struction industry in the mini budget. 
It is strictly for building and, because 
of its small size, is more likely to be 
used for improving or extending exist- 
ing facilities than starting up new ones. 


Professor Geoffrey Allen, Chairman 
of the Science Research Council, 
which is almost certain to get the 
lion’s share, would like to see the 
money going towards finishing con- 
struction already begun and extending 
central user facilities. He feels that 
this might be an opportunity to com- 
plete the nuclear structure facility at 
the Daresbury Laboratory and extend 
facilities for the synchroton source 
there. The laser facility and spallation 
neutron source at the Rutherford 
Laboratory might also come in for a 
share of the cash. 

Another priority in the SRC is likely 
to be helping universities provide 
facilities for marine technology and 
polymer engineering. These are research 
areas considered to be of national 
importance and currently receiving 
special treatment from the SRC. The 


Leading Soviet dissidents in London 


DurinG the last month, three leading 
figures from the Soviet dissidence and 
human rights movement have visited 
London. According to the most recent 
arrival, Dr Khronid Lyubarskil, an 
astrophysicist, their presence in the 
West reflects a determined effort on 
the part of the Soviet authorities to 
overthrow all opposition, neutralising 
the leaders by removing them from the 
scene. Neither Dr Lyubarskii nor 
Dr Valentin Turchin, the cyberneticist, 
who were expelled together on 14 
October, had any real desire to leave 
the Soviet Union. They had applied for 
emigration only when the authorities 
had made it clear that they must choose 
between foreign exile or a protracted 
stay in a labour camp. The third 
visitor, Professor Mark Azbel, a 
theoretical physicist, had indeed had 
a genuine wish to leave the Soviet 
Union, having applied several years 
ago for a visa for Israel. After several 
years as a refusnik, Azbel finally 
received his visa last June. 

It is no coincidence that all three 
are scientists. The dissident movement 
has a strong bias towards the scientific 
professions, since, in Dr Lyubarskii’s 
words, “a scientist works in informa- 
tion—it is therefore natural that he 
begins to think about the society 
around him. It is the critical mind of 
scientists that leads them to think of 
human rights”. 

Their record of service to the human 
rights Movement is impressive. As 
early as 1970 Turchin, together with 
Roy Medvedev, signed the second 
Sakharov letter. In 1972, Lyubarskii 


-Lyubarskil 


was sentenced to five years in a strict- 
regime Labour camp for his human 
rights activities, and while there 
organised the observance of an annual 
Political Prisoners’ Day (30 October), 
to be marked with protests and hunger 
strikes. For this further transgression, 
was transferred to the 
Viadimir prision for the duration of 
his term. Both Turchin and Lyubarskil 
became members of the illicit Moscow 
group of Amnesty International, and 
were associated with the Helsinki 
monitoring group. 

On the arrest of Aleksandr Ginsburg 
last April, Lyubarskii took over the 
administration of the Solzhenitsyn fund 
for aid to political prisoners. Unlike 
many Jewish activists, Dr Azbel feels 
it better to keep the Jewish emigration 
movement separate from the dissident 
movement for reform and human 
rights. This ts not a distinction, how- 
ever, which the Soviet authorities 
accept—application for emigration is 
an antisocial act, just as much as 
signing a petition of protest, and is 
punished in the same way by dismissal 
from one’s job, with no possibility of 
continuing one’s professional career. 

Dr Luybarskii gave an interesting 
estimate of the numbers of scientists 
penalised for their activities : 


involuntary foreign exile afew 
arrests tens 
expelled from jobs hundreds 
routine restrictions after thousands: 


signing protests etc (refusal of 
foreign passport, 
administrative restrictions). 
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only new project which might be con- 
sidered is an electron beam lithography 
unit for microelectronics which could 
be set up in existing buildings at the 
Rutherford. 

The cost of implementing these 
projects alone could come to £3 million. 
When the cost of the bids for support 
from all the research councils is 
added up, it will undoubtedly be much 
more than £4 million, so the ABRC 
ts in for a difficult task. Nevertheless, 
it hopes to have made the necessary 
decisions by the end of next week or 
at the latest by its next formal meeting 
which is set for 9 December. A decision 
on the earlier £4 million, however, is 
unlikely to be made public before the 
end of the year although it has been 
made and is awaiting Mrs Williams’ 
approval. It will probably simply 
be added on to the total science vote 
for 1978-79 which will be announced 
sometime in the new year. 

Judy Redfearn 


It should be remembered that punitive 
dismissal is far more sertous a penalty 
than loss of job. In the Soviet Union 
no academic article can appear without 
a certificate from the academic insti- 
tution where the author is employed. 
No ‘freelance’ submissions are per- 
mitted. “If Einstein or Faraday had 
lived in the Soviet Union, they could 
never have published their theories” 
stressed Azbel. 

How well a scientist can survive 
professionally under such conditions 
seems to depend very largely on his 
particular field. In spite of several 
years without employment or pro- 
fessional facilities both Turchin and 
Azbel have found themselves able to 
continue their professional careers in 
the USA and Israel respectively. For 
Dr Lyubarskii, however, the outlook is 
bleak. His special field, the physics of 
planets, meteors and meteorites has 
moved forwards at such a pace that 
he feels doubtful whether he will ever 
catch up after almost six years with no 
access to journals. 

Whatever their new professional 
commitments, all three are firmly 
committed to campaign for fellow- 
scientists still suffering constraint and 
imprisonment, and, indeed, they came 
to England for this purpose. They will 
campaign for physicist Yurii Orlov— 
now in prison; biologist Sergei Kovalev 
—in a labour camp; mathematician 
Viktor Brailovskii, Azbel’s successor as 
leader of the Sunday seminar, who is 
threatened with a treason charge; and 
the young mathematician Anatolii 
Shcharanskii whose trial on treason 
charges now appears to be imminent. 

Vera Rich 
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Soviets honour teamwork and technology 


It is sixty years after the revolution— 
but the 1977 Soviet State Prizes for 
Science and Technology show no sign 
of anniversary euphoria. The works 
cited seem genuinely to reflect the 
current state of progress, without any 
attempt to honour ‘great names’ on 
this special occasion. There is con- 
siderable emphasis on teamwork: the 
majority of citations involve long lists 
of project-directors, assistants, and 
technicians, so that the announcement 
of 38 awards with the names, academic 
or professional titles, and affiliations of 
the recipients fills a page of Pravda. 

The citations span the usual wide 
range from mathematics to biology, 
with occasional incursions into fields 
not normally considered sciences in the 
West—Marxism and its ancillaries of 
history and economics. Current Soviet 
doctrine, as expounded at recent Party 
Congresses, demands that science 
should serve the national economy. 
Accordingly, several prizes go to re- 
search directly related to official 
priorities—a set of geological maps of 
Western Siberia, special equipment for 
land reclamation, fisheries equipment, 
and the use of discrete transformations 
in automatic control. The recent 
voyage of the icebreaker Arktika to the 
North Pole won a State Prize for her 
designers and engineers (though not for 
the scientific team aboard). 

The medical sciences, which have 
recently received a new priority in- 
cluding the establishment of the title 
of merit “People’s Doctor of the 
USSR”, are well represented. Three 
science prizes go to long-term medical 
research: two—for haematology and 
prophylactic helminthology—mention 
“cycles of works” published over the 
last 15 years, while the third—one of 
the very few individual awards—cites a 
haematological monograph which also 
implies a long-term basis of research. 
Medicine also receives two technology 
prizes, where the citations seem rather 
more adventurous—new equipment for 
hyperbaric oxidation, and the “‘clinical 
development and implementation” of 
methods of limb transplantation. 

In a year of setbacks for the space 
programme, it is not surprising to find 
space ignored in the technology 
section, although it does receive one 
science award—for research into the 
X-ray emission of the sun. 

Nuclear research receives only one 


Chris Sherwell, News Editor of Nature for 
the past two years, has taken up a post on 
the foreign desk at the Financial Times. 
Robert Walgate, until recently with New 
Scientist, takes Mr Sherwell’s place. And 
David Dickson, recently with the Times 
Higher Educational Supplement, becomes 
our Washington News Editor at the begin- 


ning of 1978. 


award—for research into the hard 
X-ray fission of light nuclei. Comment- 
ing on this prize, the Chairman of the 
State Prize Committee, Minister of 
Higher and Secondary Specialised 
Education, Vyacheslav P.  Elyutin, 
Stated that “this work is of exceptional 
significance for the study of thermo- 
nuclear reactions and radioactive fall- 
out”. Nevertheless, in view of the 
repeated acclaim given in the Soviet 
media this last year to the fast-breeder 
power programme, it is a little sur- 
prising that there is no technology 
prize for nuclear enginering. The only 
other mention of nuclear physics is in 
the “textbook” section—for a two- 
volume university text on experimental 
nuclear physics. 

This separate section for textbooks is 
a relatively recent innovation. In the 
Soviet Union, textbooks are selected 
by the educational authorities on a 
Union-wide basis, so that, on occasion, 
criticism of an unsatisfactory text will 
lead to a discussion in top-level party 
journals. The demand for scientific 
personnel is expanding with each Five 
Year Plan—the current Plan requires 
an “output” from the universities and 
institutes of higher education of 9.6 
million new scientists, technologists 


and specialists in the period 1976 to 
1980, so the provision of suitable text- 
books is a matter of ever-increasing 
importance. This year two other univer- 
sity textbooks, on pedology and inverte- 
brate palaeontology, are also honoured, 
school 


as is a secondary text on 
economic geography. 


Vera Rich 
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Recombinant DNA 


Tue final Environmental Impact State- 
ment (EIS) on the NIH guidelines for 
research involving recombinant DNA 
molecules was published last week, 
more than 16 months after the release 
of the guidelines themselves. The 
formulation of the final EIS has been 
fraught with delays and uncertainties. 
An initial draft which came in for some 
heavy criticism was published over a 
year ago along with an invitation for 
informed comment. Drafting an 
acceptable final version has taken 
much longer than expected, and the 
publication schedule has slipped several 
times. This delay may have legal con- 
sequences. Friends of the Earth has 
filed a suit against the NIH and NSE 
in an attempt to halt funding of 
recombinant DNA research, charging 
breach of the National Environment 
Protection Act on the grounds that the 
EIS was not published simultaneously 
with the guidelines. The NIH counter 
this by pointing out that delaying pub- 
lication of the guidelines would have 
led to greater delays in applying ade- 
quate safeguards to the research. 

As for the EIS itself, there are few 
surprises. The document and its exten- 
sive appendices go over all the familiar 
arguments concerning the potential and 
postulated environmental impacts of 
recombinant DNA research and comes 
to the unsurprising conclusion that 
“the level of risk that will result... 
is acceptably small.” This conclusion 
and the arguments used to support it 
will undoubtedly supply ammunition 
to both sides of the continuing debate. 

Sandy Grimwade 
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Observatory of the Dublin Institute for 


Advanced Studies, where a major fire early last October severely damaged the library and 
laboratories. Loss of instruments has meant loss of valuable work. But Professor P. A. 
Wayman, Director of the Observatory, is hopeful that the observatory will be restored. 
He sees as first priority getting the smoke damaged computer back into action. Restora- 
tion of the eighteenth century building which housed the library is likely, though not 


definite yet. 


The Observatory was founded in 1783 and became part of Dublin University. In 1947 
it was taken over by the Dublin Institute. It has no telescopes of its own. 
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Austrian science minister 
attacks science journalists in fraud case 


Tue Austrian Minister for science and 
research, Dr Hertha Firnberg, released 
a 32-page document last Wednesday 
(16 November) attacking the science 
journalists of Austrian and other news- 
papers for poor judgment, and for 
unwittingly assisting in the execution 
of a crime. The attack, whether justi- 
fied or not, threatens to disrupt the 
relationship—already fragile—between 
Austrian journalists, the ministry and 
the scientific community. 

The government statement singled 
out two journalists for particularly 
harsh treatment: Dr Eleonore Thun- 
Hohenstein of the conservative daily 
Wochenpresse and Paul Uccusic of the 
middle-of-the-road Kurier. Their 
error? Publicising the work of a little- 


known freelance microbiologist, 
Herbert Schaden, and his assistant 
Hertha Celta. Schaden and Celta 


claimed that they had developed, or 
would soon develop, a strain of microbe 
which would digest plastic. No such 
Strain emerged after four years’ work. 

Schaden was detained in Austria on 
11 January, and has been in jail since, 
awaiting trial on charges of fraudu- 
lently obtaining funds for research 
(amounting to some £4 million) from 
a Dutch packaging firm and other 
sources. Celta was imprisoned with 
him but released on bail after two 
months—to feed Schaden’s microbes. 
The microbes and Celta languish yet in 
Schaden’s private laboratory at 99 
Panzingerstrasse, a fashionable turn-of- 
the-century Viennese villa. 

Dr Firnberg’s document implies that 
Schaden is a crook—albeit a very clever 
one—and attacks the journalists for 
helping him along the path to fraud. 
Some 750 articles describing Schaden’s 
work appeared in the press between | 
February 1973 and 5 June 1974, the 
document states, mostly in Austria, 
but also in Holland and in Italy. 

Schaden first came to the journalists’ 
attention on | February 1973, when he 
sent a thick bunch of documents to the 
Austrian Bundersministerium fiir 
Wissenschaft und Forschung, with 
copies to the Austrian newspapers. The 
documents gave credentials, references, 
and evidence that Schaden and Celta 
had found the plastic-digesting bug. 
Years before, a stack of plastic con- 
tainers had been found riddled with 
microscopic holes; Schaden had de- 
duced the presence of bacterial action 
and set about isolating the active 
agents. 

On° 21 February 
Hohenstein’s first article, a positive 
one, appeared in Wochenpresse. A 
Dutch journalist noticed the story and 


1973 Thun- 


relayed it to her paper, the Haarlams 
Dagblad, a small but important pro- 
vincial Dutch paper. 

Oscar van Leer, a Dutch packaging 
magnate, came to hear of the story 
and was interested. Uccisic published 
his version of Schaden’s work, also 
positive, in Kurier on 4 March. By 
30 May Thun-Hohenstein had heard 
both that the Austrian ministry had 
dismissed Schaden ambiguously with a 
“don’t ring us, we'll ring you”, and 
that van Leer’s firm (Royal Packaging 
Industries van Leer B. V.) was investing 
in Schaden’s bugs. van Leer had sent 
a team of plastics experts—but not 
microbiologists—to interview Schaden 
and concluded he was genuine. Thun 
published a sarcastic article ridiculing 
the ministry’s delay and poor judgment. 
On 9 June Uccisic, not a man to 
mince words, weighed in with his own 
criticism. He printed a story related by 
Thun: that the chief civil servant 
responsible for advising on the alloca- 
tion of research funds in Austria— 
Dr Wilhelm Grimburg—had threatened 
Thun with a court action for saying 
the ministry’s rejection of Schaden 
took five lines rather than the five and 
a half. Uccusic made great play of 
that. Later a letter from Grimburg was 
„printed in Kurier rebutting Uccusic’s 
accusations; but Uccusic tacked a 
stinging comment on the end. 

Grimburg’s relationship with Thun- 
Hohenstein and Uccusic was therefore 
very sour; the more so because the 
ministry’s popularity with scientists was 
at a low ebb. Austria was—and is still 
—enjoying its first period of socialist 
government for a long while, and the 
ministry had embarked on a “demo- 


Herbert Schaden and Hertha Celta, 
accused of obtaining £4 million by false 
pretences 





Nature Vol. 270 24 November 1977 


cratisation” of the universities (for 
which it is responsible), introducing 
students and junior professors on to 
decision-making bodies, and dis- 
mantling the previous patriarchal and 
authoritarian structures. Criticisms of 
competence were particularly un- 
welcome at that time. 

But now has come the retribution. 
van Leer invested a large sum in 
Schaden, only to find his work and his 
claim valueless. van Leer’s lawyers 
believe they have discovered that some 
40 pages of Schaden’s original docu- 
mentation are careful re-writes of 
earlier German papers, changing names 
and places. So the ministry appears to 
be vindicated (though Schaden and 
Celta’s case has yet to come to court, 
and some feel that due process of law 
has been disturbed by the ministry’s 
attack). Dr Firnberg, the minister, 
threatens wide distribution of the 
report, to all politicians and universities 
in Austria, an act which will un- 
doubtedly severely weaken the position 
of the science journalists within their 
own newspapers and in Austria itself. 

What of the journalists? Dr Thun- 
Hohenstein dismisses the Firnberg 
attack and indeed still believes in 
Schaden; Herr Uccusic thinks Schaden 
“not the person we took him for”. He 
feels however that “neither I nor Dr 
Thun-Hohenstein nor anyone has any 
proof” that Schaden is wrong, And 
many journalists are saying that as it 
has taken experts since 11 January this 
year to develop a watertight case 
against Schaden—and may take longer 
—how can they have been expected 
to judge? The development’ was 
potentially of great public interest so 
had the public not the right to know? 

Uccusic also takes a more philo- 


sophical view. “Error is always 
possible’ he says; “even politicians 
and scientists can make errors”. 


Uccusic believes scientific officialdom 
to be too hidebound—which it som- 
times is—and he takes an interest in 
fringe science. But the belief can lead 
one into dangerous territory. Uccusic 
recognises the danger but adds “We 
should be open-minded and ready for 
new developments. In this special case 
no law of science forbids the develop- 
ment of organisms that might digest 
plastic. And Schaden was employing a 
recognised technique: to isolate a 
useful strain and strengthen it by 
multiplication and selection“. 

The final criticism must be laid at 
the door of the ministry itself. The 
ministry accuses the journalists of 
superficiality and lack of thoroughness. 
But the document they have produced 
in their haste to attack the journalists 
suffers from the same fault. It is 
too polemical; and its puts only one 
side of a difficult case. 

Robert Walgate 
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EEC taps a megawatt of Italian sunshine 


THE EEC Commission and a con- 
sortium of European companies signed 
a construction contract in Brussels last 
week for a £3 million electricity 
generating plant operated by the sun. 
The plant will probably be built in the 
south of Italy, and should be producing 
a megawatt of electricity by 1981— 
enough power for between 100 and 
200 households. 

Two hundred and fifty mirrors, 
covering a hectare of ground, will be 
used to reflect and concentrate the 
sun’s heat on to a boiler, on top of a 
50-metre-high tower, to produce steam 
to drive conventional turbines. The 
heat receiver will be about four metres 
square. Each square metre of mirror 
will generate 1 kW. The plant will have 
a thermal power of about 5 MW indi- 
cating a thermal efficiency of 20%. It 
will operate with steam at 510 °C and 


THe Royal Society of Tropical 
Medicine and Hygiene is holding a 
symposium this year, from 23 to 25 
November, to celebrate the first 
centenary of medical entomology. It 
is just one hundred years since 
Patrick Manson showed that Culex 
fatigans, the common house mosquito 
of the tropics, was the intermediate 
host of a nematode worm which 
caused the disease filariasis in man. 
That was the first time an insect had 
been so involved, and although other 
scientists were engaged in parallel in- 
vestigations, and there have been un- 
pleasant confrontations between those 
supporting other claimants to priority, 
I have no doubt that Manson fully 
deserves this accolade. 

The novelty of his discovery 1s 
manifest when we examine the 
records of his time. The more tradi- 
tional members of the medical pro- 
fession called him a lunatic, and 
intended to ridicule him when they 
gave him the nickname ‘Mosquito 
Manson’. However, he inspired a few 
of his colleagues, particularly Ronald 
Ross. To the general public Ross, the 
discoverer of the transmission of 
malaria by the mosquito, was the 
more popular figure, but Ross himself 
always acknowledged his debt to 
Manson. 

I do not think that it is any 
exaggeration to say that Manson’s 
work has had a more profound effect 
on the human race than any other 
discovery which can be attributed to 
an identifiable individual. We cannot 
name the benefactors who discovered 
the wheel, the use of fire and the 
possibility of growing arable crops: 
their contributions may have been 
more revolutionary to man’s way of 


64 atmospheres. The mirrors will be 
computer controlled to follow the sun 
and the whole structure will be solid 
enough to withstand winds of up to 
130 km h™. 

This will not be the first such solar 
electricity generating plant. France, 
which is taking part in the project, 
already has its own 2 MW plant near 
Marseilles and Macdonnel Douglas in 
the USA is planning to build a 10 MW 
plant in California at an estimated cost 
of $31 million. But because of spending 
cuts that is likely to be delayed. 

All these plants, however, will be 
expensive, experimental projects, 
operating on an uneconomically small 
scale. The maximum possible output 
for a solar plant is thought to be about 
100 MW. Beyond that it becomes 
physically impossible to get more 
mirrors close enough to the boilers to 


life, but the results are of the same 
order of magnitude. But for the work 
of Manson and those he inspired, the 
populations of many tropical 
countries might today be less than 
half their present level. 


Mosquito Manson 
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KENNETH MELLANBY 


A hundred years ago the majority 
of the world’s population lived in 
areas where diseases which we now 
know to be transmitted by insects 
(and in no other way) dominated the 
lives, and the deaths, of the inhabi- 
tants, yet no one had the faintest idea 
how the diseases might be controlled. 
Even today malaria, typhus, sleeping 
sickness, filariasis, dengue and many 
more diseases are still important, 
claiming many victims and affecting 
all types of development, but we know 
how they could be reduced or even 
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have any effect. Major modern elec- 
tricity generating stations can produce 
1,000 MW, and Mr Albert Strub, head 
of the EEC Commission’s non-nuclear 
energy department, estimates that “‘if 
5% of Europe’s energy comes from 
the sun by the year 2000, we will be 
doing well”. 

The aim of the Italian plant is to 
teach the companies concerned the 
technical problems involved. The firms 
concerned are: the Italian national 
electrictiy company, ENEL; Ansaldo of 
Italy; Cethel (grouping the French 
companies Renault, St Gobain and 
Heurtey); and Messerschmitt-Bolkow- 
Blohm of West Germany. General 
Technology Systems of London will 
advise the Commission on the manage- 
ment of the project. Half the cost will 
be met from the Commission’s research 
budget, the remainder coming from the 
participating countries. 

Brian Donaghy 


eradicated. Though patchy, some 
degree of control has been widely 
implemented. The resulting rise in 
population may not be an unmixed 
blessing in a world of shrinking 
resources, but to many individuals, 
particularly in tropical countries, the 
improvement has been dramatic. 

Although a hundred years ago no 
one appeared to believe that insects 
could carry diseases, it is tempting to 
search for earlier suggestions of such 
a mechanism. It is true that authori- 
tative books on the English fens 
produced in the nineteenth century 
which devote much space to “the 
ague”, which was generally malaria, 
give no inkling of any idea other than 
that the disease was caused by the 
“bad air” from the marshes. They 
discuss the importance or otherwise 
of water pollution by organic matter, 
which can now be interpreted as 
affecting the survival of mosquito 
larvae, but there is no mention of 
mosquito bites as a danger to health. 
However, I recently found a contem- 
porary account giving an inventory of 
the contents of the Cistercian Abbey 
at Sawtry, only a couple of miles from 
where I write in Huntingdonshire, at 
the time of the dissolution of the 
monasteries in the sixteenth century. 
The Abbot’s chamber had a feather 
bed and white curtains, but the guest 
room, reserved for important visitors, 
was hung with tapestry and a bedstead 
with “nets for knats”. This may have 
been to protect the guests from 
infection with malaria, but I fear that 
it was just for his comfort and to 
keep out the insects which can stil? be 
troublesome on warm summer nights 
in fenland. But it may have kept him 
healthy all the same. 
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correspondence 





Farm energy 


Sirn,—l am not sure what your 
correspondent Michael Knee is trying 
to say in his letter (13 October, page 
556). He accuses me of “blind pre- 
judice” for stating a few simple facts 
about the use of energy by farmers. 
If he reads my contributions in the 
issues of 25 August (Frugal farming) 
and of 8 September (Food for energy), 
he will find that he has misinterpreted 
my views. 

I would be the last to deny that an 
enormous amount of energy is wasted 
by some modern farmers, but this is 
almost entirely because of the in- 
efficiency of intensively-kept livestock, 
which waste over 90% of their food, 
and which is the main reason why 
Britain is not already largely self- 
sufficient. This is mentioned in my 
contribution of 25 August, and ex- 
plained in detail in my book Can 
Britain Feed Itself. But this is irrele- 
vant to the present argument. 

My contention is that arable farming 
is efficient. It has been shown by 
everyone who has investigated the 
situation, including Gerald Leach in 
his Energy and food production (men- 
tioned by Michael Knee) that arable 
farming, although using much energy 
to propel tractors and manufacture 
fertilisers, produces craps with at least 
three times the energy value of that 
used in growing them. Recent develop- 
ments, such as direct drilling, will 
reduce energy expenditure without 
reducing the yields, and so further 
improve the equation. In fact intensive 
arable farming is probably the most 
efficient way we can trap solar energy 
in an easily useable form. 

Like Michael Knee, I would like to 
see more people working on our farms, 
but men, like horses, would probably 
use more energy in a twelve-month 
than the present tractors and combine 
harvesters, if we were to grow and 
harvest comparable crops. 

Yours faithfully, 
KENNETH MELLANBY 
Huntingdon, UK 


Desert rainfall 


Sir,—-The statement by Glantz and 
Katz (19 May, page 192) with regard 
to me&suring rainfall at two locations, 
Gao and Niamey, in the Sahel “that 
at least is some sense, the mean is too 
large and not at all indicative of how 
much rain commonly falls’ is overly 


strong. In no sense is the mean too 
large; the mean is simply the mean— 
a well defined and much used statistic. 
Furthermore it is quite indicative of 
how much rain commonly falls in most 
regions—even Gao and Niamey. Glantz 
and Katz also note that positive 
“skewness is characteristic of the rain- 
fall distribution not only in the Sahel 
but, more generally, in arid and semi- 
arid regions, In particular the degree 
of skewness is greater the drier the 
climate”. It has been our experience, 
however, that positive skewness is a 
characteristic of rainfall distribution 
for almost all localities and that, at 
most, there seems to be only a slight 
tendency for the degree of skewness 
to increase as the average amount of 
precipitation decreases. 

We selected a random sample of 
fifteen reporting localities from the 
original Climatic Summary of the 
United States which contained data 
from the establishment of reporting 
stations up to 1930. The only restric- 
tive requirement imposed in the selec- 
tion process was that there had to be 
at least twenty consecutive years of 
records for a given locality. We used 
the mean, standard deviation, and 
coefficient of skewness for the distri- 
bution of precipitation at each location 
to examine the hypothesis that the 
more arid the climate the more skewed 
the distribution rainfall. If the hypo- 
thesis is valid, there should be a strong 
negative correlation between mean 
rainfall and the skewness coefficient. 
We found that there did seem to be 
more skewness for regions with little 
rainfall in the month of July than for 
a region of average rainfall, but posi- 
tive skewness also seemed to be greater 
for regions with greater than normal 
rainfall. The correlation coefficient of 
r== —,.08 tends to confirm the lack of 
a simple systematic negative relation- 
ship between mean rainfall and 
skewness. 

It also should be noted that positive 
skewness seems to be the normal con- 
dition for the distribution of rainfall 
for almost all localities and not just for 
the localities in arid regions. The 
meaning of this should be evident. If 
it is not true that the mean alone is 
suitable for describing the distribution 
of rainfall in arid regions, then neither 
is it alone a suitable measurement for 
describing the distribution in any 
region. This, however, is not a surpris- 
ing result; few distribtuions can be de- 


scribed by one parameter. As Glantz 
and Katz state, “no single number can 
adequately describe the climate regime 
of an arid or semiarid region”. We 
would add that the statement holds 
for all regions and not merely for arid 
or semiarid regions. 

We also would like to add a note of 
disagreement with the statement that, 
“recent weather tends to influence per- 
ceptions more heavily than earlier 
weather and wet spells more heavily 
than dry ones”. While the statement 
about recent weather versus earlier 
weather seems totally acceptable, the 
latter part of the statement would 
seem to need at least some documenta- 
tion. What evidence exists to substan- 
tiate this statement? If nothing else, it 
does seem evident that the drought of 
the past few years in the Sahel will 
influence perceptions and behaviour 
quite as much as the earlier wet spells. 

Yours faithfully, 
J. Larry DEATON 
United States Department of 
Agriculture, 
Washington DC 


Using varied talents 


Sir,—-I was unpleasantly surprised at 
your negative editorial comment on 
Sir Andrew Huxley’s Presidential 
Address (8 September, page 95). 
Accepting the idea that inherited 
differences exist does not automatically 
condemn the apparently less-endowed 
people to a subhuman status. Those 
with no apparent talent are not 
necessarily inferior; they simply can’t 
find their true calling in our culture. 
A century ago born atomic physicists 
and computer programmers may have 
spent their lives on the skid row as 
impractical silly dreamers; today they 
are productive, well-regarded members 
of our society. 

As civilisation advances, more and 
more people will find the calling that 
uses their innate talents; fewer and 
fewer will spend their lives as frustrated 
misfits. AH we have to do is to main- 
tain progress in our civilisation, so 
more and more varied talents can be 
used. However, to maintain this pro- 
gress we must have the courage to 
face the apparently impalatable as well 
as the palatable results. 

Yours faithfully, 
ANDREJS BAIDINS 
Du Pont Company, 
Wilmington, Delaware, 
USA 
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news and views 





DNA insertions and gene structure 


from Bob Williamson 


Once again we are surprised, this time 
by the structure of genes coding for 
proteins in higher animals. The primary 
sequence of the protein is determined 
by messenger RNA (mRNA); this in 
turn is synthesised on one of the 
strands of genomic DNA, probably 
first as a precursor of high molecular 
weight (HnRNA). Several animal cell 
mRNAs have been sequenced in whole 
or part, revealing no peculiarities so 
far: the coding sequence is preceded 
by a capped, non-translated region, 
starts with an initiator triplet, and is 
read in phase to the 3’-terminator trip- 
let, which is followed by a non-trans- 
lated 3’ region and last, a polyadenylic 
acid sequence. The sequence of the 
coding region of the mRNA exactly 
specifies the amino acid sequence of 
the protein when read in register. 

It was assumed that the mRNA was 
copied directly from a gene sequence, 
and data from prokaryotes certainly 
supported this view--a frame-shift 
mutation in which a base was added or 
deleted caused the predicted change in 
protein sequence, and even, in an 
operon, in proteins coded adjacent to 
the 3° side of the genome. In animal 
cells, however, this now turns out not 
to be the case, at least for ovalbumin 
and B-globin genes. 

These genes are particularly suitable 
for study as they are present only in 
single copies, and tissues which make 
each protein in large amounts can be 
compared with those that make little 
or none. The specific mRNAs are 
available, and the construction of re- 
combinant DNA plasmids has removed 
the problems of purity and amount that 
particularly apply to single-copy genes 
because they are present in the se- 
quences in nuclear (‘genomic’) DNA 
only as one part in several million. 


Bob Williamson is Professor of Bio- 
chemistry at St Mary’s Hospital Medical 
School, London. 


No sooner was an appropriate re- 
combinant clone of DNA available 
(courtesy of T. Maniatis) than Flavell 
and Jeffreys started the analysis of the 
genes for rabbit 8 globin. They 
‘mapped’ the gene——-that is they found 
the size of the DNA fragments contain- 
ing the gene when the DNA was 
digested with various restriction en- 
zymes by techniques developed by 
Southern (J. molec. Biol. 98, 503; 
1975). They looked for the nearest 
repeated DNA sequences, the nearest 
short poly(dA) runs, and so on. It all 
made sense for a while—the gene for 
B globin (there are actually two re- 
lated genes, which seem to correspond 
to the B- and d-globin genes in 
humans) at first behaved correctly, and 
a picture of the gene itself, the sur- 
rounding bits of DNA and the mini- 
mum distances to other genes became 
partially clear (Jeffreys & Flavell, Cell, 
12, 429-441; 1977). 

Then more enzymes were used. 
When a variety of enzymes is used, in 
a way analogous to that in which pro- 
teases are used to determine protein 
sequences, they have to ‘add up’—-if 
sequence AC is cut at point B, then 
AB plus BC has to equal AC. This is 
so ‘self-evident’ that Jeffreys and 
Flavell deserve the greatest praise for 
not dismissing their data out of hand 
when they showed that 2+2 does not 
always equal our preconception of 4. 

In the B-globin mRNA, the sequence 
of bases starts at one end with the 
trinlet specifying the N-terminal amino 
acid of the protein and moves steadily 
and without interruption to the other 
end, where the protein terminates. But 
in the gene the sequence of bases cod- 
ing for B globin is not continuous. In 
particular one fragment of cloned com- 
plementary DNA (obtained by reverse 
transcription of the mRNA) which fs 
333 bases long, derived entirely from 
the coding sequence and ‘bounded by 
two Haelll restriction sites, hybridises 
to a Haelll restriction fragment of 
genomic DNA that is more than twice 


as big. Clearly the restriction fragment 
contains an additional insert (some 700 
base pairs long). The only conclusion 
must be that there is a bit of DNA, as 
big as the structural gene for B globin 
itself, in the middle of the gene, which 
does not appear in the final mRNA 
(Jeffreys & Flavell Cell, in the press). 
At the same time as Flavell and 
Jeffreys were obtaining this startling 
result, Leder et al. were recording a 
related and equally inexplicable finding 
(Cold Spring Harb. Symp. quant. Biol., 
in the press). Leder’s group had first to 
prepare a safe vector to clone mam- 
malian genes, and chose  hbacterio- 
phage A. They introduced a number of 
mutations and deletions so that only 
recombinants could be ‘packaged’ and 
so reproduce, and also several muta- 
tions which rendered the phage non- 
viable outside controlled laboratory 
conditions. They then purified the gene 
for mouse B globin several hundred 
times using a combination of reverse 
phase chromatography (which separates 
on base composition and secondary 
structure) and Agarose gel electro- 
phoresis, and obtained two fragments 
approximately 15,000 and 7,000 base 
pairs (ISkb and 7 kb) long. Each of 
these, while much purified over the 
original DNA, still only contain one 
globin gene-containing sequence in 
every thousand or so total sequences. 
The mixture was then recombined 
with the disabled A vector. Recom- 
binants containing the mouse #-globin 
gene were selected. The length of the 
cloned mouse DNA was ten times the 
size of the coding sequence, some 7 kb 
long, and contained the entire B-globin 
gene. However, once again, it was not 
all in a single piece, for when if was 
hvybridised to mouse globin mRNA and 
examined with the electron micro- 
scope, a remarkable extra loop in the 
middle of the DNA was found. Res- 
triction enzyme analysis confirmed the 
existence of the insert. This insert is 
450 base pairs long—it is not yet clear 
whether it is in the same position as 
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for the rabbit insert described by 
Flavell and Jeffreys, nor whether its 
sequence is conserved. 

The chicken ovalbumin gene has 
been studied almost as extensively as 
the globin gene, largely because it is 
hoped to learn from it more about gene 
action in response to hormone stimula- 
tion. Because it is present only in a 
single copy, fragments of genomic 
DNA prepared using a specific restric- 
tion endonuclease which does not 
break the gene should once again give 
a single DNA fragment containing the 
gene—if the sequence is present as a 
single unit in the DNA as in the 
mRNA. However, two groups have 
just shown that as for globin, several 
fragments rather than one are often 
found (Breathnach, Mandel & Cham- 
bon, this issue of Nature, page 314; 
Doel, Houghton, Cook & Carey, 
Nucleic Acids Res. 4, 3701-3713; 1977). 

Chambon and his colleagues first pre- 
pared a recombinant plasmid between 
complementary DNA (cDNA) pre- 
pared from chick oviduct ovalbumin 
mRNA and pCRI. This enabled the 
Strasbourg group to determine which 
restriction endonucleases did not cleave 
the coding regions of the gene. 

A slightly different approach was 
used by Carey’s group at Searle. They 
first prepared very pure mRNA and 
isolated full length cDNA, and then 
synthesised a second complementary 
strand with reverse transcriptase. Full 
length double strand cDNA was iso- 
lated by Agarose gel electrophoresis. 
This too could be checked for restric- 
tion enzyme sites in the coding gene 
region. (Carey et al. also checked their 
results against the plasmid prepared by 
the Strasbourg group, a good example 
of international co-operation in the use 
of recombinant DNA.) 

Neither of the restriction enzymes 
EcoRI nor HindIll cleaved the struc- 
tural gene sequence in Chambon’s 
plasmid or Carey’s double-stranded 
cDNA. These then were the enzymes 
used to fragment genomic DNA from 
chick tissues. 

Both groups, using their different 
techniques, found three DNA se- 
quences which ‘hybridised to either 
cDNA or nick-translated plasmid DNA 
after restriction of genomic DNA with 
Hindi. Using EcoRI, Chambon et al. 
found convincing hybridisation in four 
positions. Thus instead of a single band 
expected, several gene-containing re- 
gions separated by long inserts, or 
spacers, are found. Moreover, this is 
true for all tissues studied, whether 
making ovalbumin or not. 

In the case of mouse and rabbit £ 
globing the entire coding gene was 
isolated, with the insert in the middle. 
The structural gene regions were there- 
fore at least closely linked, if separated 
by the unexplained sequence. In the 
case of ovalbumin, however, no frag- 


ment containing both coding sequences 
has been found and one of the inserts 
is at least 7,000 base pairs long. It is 
even theoretically possible that differ- 


ent regions of the ovalbumin structural. 


gene are on different chromosomes, 
and not linked at all. 

How can this remarkable result help 
in the understanding of transcription? 
Very little, until several questions have 
been answered. As Chambon et al. 
point out today, there are three appar- 
ent possibilities. The ‘primary’ trans- 
cript (the HnRNA_ containing the 
mRNA sequences) may include the 
inserts and all the mRNA coding 
regions, with the inserts being speci- 
fically nicked out and the mRNA 
ligased to its final form in processing. 
This is quite possible because, as has 
been stated here (News and Views 269, 
648: 1977), the size of the globin ‘pre- 
cursor’ most easily identified for £B 
mRNA is 15S, just the size expected 
if the insert is still present flanked by 
3’- and 5’-coding regions. However, 
such a correlation is at best indicative. 
The concept of a transcribed insert is 
also, however, supported by the puz- 
zling fact that both the poly (A) se- 
quence at the 3’ terminus of the mRNA 
and the methylated ‘cap’ at the 5’ end 
seem to be conserved from the HnRNA 
to the final polysomal mRNA. The 
explanation of this is clear if the pro- 
cessing occurs not from one end or 
the other, but out of the middle. 

If the inserts are transcribed, there 


“must be a very accurate enzymatic 


mechanism for cutting them out. Such 
excision enzymes are known (Robert- 
son & Dickson, Brookhaven Symp. 
Biol. 26, 240-266; 1975), but have 
never been demonstrated in animal 
cells, although ribosomal RNA pro- 
cessing certainly involves similar ac- 
curate cleavages. The inserts might be 
expected to contain extensive self- 
complementary double-strand regions, 
such as palindromes, but they do not 
self-reassociate (at least for rabbit B- 
globin genes), indicating that if such 
sequences are present, they are quite 
short. Also, the inserts may be re- 
peated a few times throughout the 
genome (Flavell and Jeffreys feel 10- 
15 times is the highest reiteration fre- 
quency their data might support), but 
are certainly not common to many 
structural genes. Perhaps the excision 
specificity is mediated by nuclear pro- 
tein which, in interacting with 
HnRNA, would both force certain 
RNA conformations and also act as 
additional markers for specific enzymes 
—Or even have enzymatic activity 
themselves. 

The second possibility is that looping 
out occurs at the DNA level, and the 
inserts are never transcribed at all. The 
main attraction of this idea is that, 
while we know little about DNA struc- 
ture in active chromatin, most pos- 
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tulates are still possible. (It also would 
help to explain the difficulty in obtain- 
ing convincing and reproducible trans- 
cription from chromatin because 
additional factors would be required to 
control DNA conformation for active 
genes.) 

Finally, it is possible that the por- 
tions of the mRNA are synthesised 
separately and then ligased together 
during processing. In this case the ‘in- 
serts’ might or might not be tran- 
scribed, but the various bits of the 
coding sequence would not be co- 
transcribed in a single long piece of 
RNA. Interestingly, the gene for 
which the best evidence exists for the 
absence of HnRNA is precisely that 
reported here-—-McKnight and Schimke 
(Proc. natn. Acad. Sci. U.S.A. TA, 
4327-4331: 1974) demonstrated that it 
is very difficult to show an ovalbumin 
HnRNA, using techniques which seem 
to work for globin. 

No doubt we shall soon know 
whether the ‘insert’ is transcribed, and 
perhaps have definitive data on its 
multiplicity in the genome and whether 
it includes short palindromic signals 
which might indicate looping-out sites. 
Such experiments will be most interest- 
ing for globin, where chromatographic 
techniques allow the isolation of pre- 
cursor RNAs (News and Views 269, 9; 
1977). 

It is very interesting to compare 
these data for globin and ovalbumin 
genes with that reported last month in 
these columns (News and Views 269, 
648: 1977) for mouse immunoglobulin 
genes. In the case of Ig, there are also 
inserts, in DNA from antibody-syn- 
thesising tissues and from other tissues, 
but the inserts appear different, and at 
least some somatic gene reassortment 
takes place. For globin and ovalbumin 
there is no apparent difference between 
tissues making the mRNA and those 
completely inactive for the protein in 
question. The inserts may allow novel 
somatic recombination events to occur, 
but do not make them obligatory. It is 
also unclear whether these sequences 
are related to the leader sequences 
which are transcribed from remote re- 
gions of the genome in adenovirus and 
SV40 (News and Views 268, 101; 
1977). 

Let us briefly consider some of the 
wilder possible implications of this 
finding. If transcripts are ligased to- 
gether during processing, there is no 
need that they be arranged in the ‘cor- 
rect’ order—from 5’ to 3’—in the 
genome. In fact, genes could exist with 
a single 5’ end and several 3’ ends, 
which are used interchangably or in se- 
quence during development. Maybe the 
B- and -globin genes or the two a- 
globin genes share some parts in com- 
mon, only the ‘different’ bits being 
ligased in the right proportions. If 
transcribed, the inserts must be (how 
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easily we fall into such formulations, 
in spite of these findings) nicked out 
intact; the more reason to think they 
could have other regulatory functions. 
However, if not transcribed, surely as 
indicated above, the inserts are now 
the best candidates for marker sites for 
binding gene-specific non-histone pro- 
teins, and thus determining chromatin 
conformation during the control of 
transcription. 

Those of us who are interested in 
safety with recombinant DNA se- 
quences are left with the following 
thought. Until now, it has been 
assumed that cDNA derived from an 
mRNA is less likely to be expressed 


(and therefore, in some contexts, 
might be regarded as ‘safer’) than a 
total gene sequence, including the 
flanking regions. Now with the dis- 
covery of gene inserts it is quite likely 
that the controls involved in transcrib- 
ing and/or processing several different 
bits of DNA into highly complex pre- 
cursors of RNA, followed by excision 
and ligation steps, will be beyond the 
capabilities of the bacterial hosts 
used for recombinant DNA vectors. 
Hence the genomic DNA recombinants 
may prove to be just as safe as CDNA 
recombinants unless much work goes 
into inserting processing systems as 
well. 


Molecular hydrogen in the Sun 


from A. H. Cook 


A RELATIVELY large proportion of 
matter in galaxies lies in the space 
between stars and until fairly recently 
appeared to be in the form of free 
atoms and solid grains Atoms were 
detected in two ways-—-by the micro- 
wave radiation from the hyperfine 
transition in the ground state of 
hydrogen at 1,421 MHz and by absorp- 
tion of starlight by atoms showing up 
the spectra of the stars in the visible 
region. Solid particles scatter, polarise 
and absorb visible light from stars. 
There was also evidence for the exist- 
ence of a few molecules, CH and CN 
in particular, absorption lines of which 
lay in the visible. It was also well 
known that some molecules, such as 
C TiO, and CN occurred in cool stars. 
By and large however, limitations on 
the sensitivity of radio measurements 
and the restriction of optical spectro- 
scopy to the visible meant that direct 
evidence of the existence of molecules 
could not be obtained. At the same 
time, dynamical considerations indi- 
cated that there was more mass in the 
Galaxy than could be accounted for 
by the observed hydrogen and other 
atoms. 

So far as interstellar material goes, 
there are now extensive observations 
of molecules. Radio observations show 
absorption or emission by almost 50 
molecules, a few of which radiate by 
maser action. Ultraviolet spectra of 
stars especially those obtained by the 
Copernicus satellite (Morton Phil. 
Trans, R. Soc. A279, 299: 1975) show 
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absorption by the H: molecule. The 
abundance of interstellar H: molecules 
can also be estimated from the radio 
observations of carbon monoxide. It 
is now plain that molecules are im- 
portant in two ways. Many different 
molecules are observed in the clouds 
of gas that seem to be condensing into 
stars and the total mass of hydrogen 
as molecules and atoms is much greater 
than that as atoms alone. 

Are molecules as important in stars? 
Clearly they are significant in the outer 
layers of cool stars. Now, in this issue 
of Nature (page 326) Jordan et al. 
describe their identification of H; in 
the ultraviolet spectra of sunspots. The 
lines are in emission between 120 and 
160 nm, and only a few of the possible 
lines of the H; spectrum in that range 
are observed. Jordan and others show 
that the observed lines are just those 
to be expected if a particular level is 
preferentially populated by the absorp- 
tion of the Lyman-a radiation of 
atomic hydrogen, which is of course 
very intense in the solar atmosphere. 
Selective fluorescence, as this process 
is, is of course familiar in laboratory 
studies. It is also known in astrophysics. 

The spectra of molecules in comets 
are fluorescent spectra excited by sun- 
light, but again, not all possible lines 
occur. As was shown by Swings, the 
reason is that some energy levels are 
not excited because the frequencies of 
the transitions by which they would be 
excited from the ground state coincide 
with strong Fraunhofer lines in the 
solar spectrum. That is the reverse of 
the present case, where the upper level 
in the H; spectrum is populated by 
absorption of a single line, Lyman-a, 
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which is much the strongest emission 
line in the solar spectrum. The 
coincidence between the Lyman-a 
frequency and that of the nearby line 
in the H; spectrum is not exact but the 
Lyman-a line is so broad that there is 
overlap. 

It is natural to ask whether there are 
other molecular fluorescence spectra 
waiting to be found in astrophysics. A 
general argument suggests the chance 
is high—molecular energies and transi- 
tions are numerous because of the 
many rotational and vibrational states, 
so that the chance of a coincidence 
with a transition of an atom or another 
molecule is much higher than for 
atomic spectra. It is, for example, not 
out of the question that a specific 
fluorescence process might be respons- 
ible for inverting populations of levels 
in the ground state of a molecule from 
which microwave stimulated emission 
occurs (Cook Nature 210, 611: 1966); 
indeed the process suggested by Litvak 
(Astrophys. J. 156, 471; 1969) for infra- 
red pumping of the hydroxyl maser is 
of this type, although it relies on the 
hydroxyl itself to filter continuous 
radiation and produce a distribution of 
intensity that gives rise to selective 
fluorescence. Furthermore, as Jordan 
and others themselves mention the 
selective absorption of Lyman-a by 
interstelar molecules may be im- 
portant in the formation of interstellar 
spectra of molecules (Osterbrock 
Astrophys. J. 136, 359; 1962; Black & 
Delgarno, Bull. Am. Astron, Soc. 6, 
444; 1974). 

The other question which is raised 
by the analysis of Jordan and others is 
the part played by molecules in stellar 
atmospheres. If molecules are at all 
abundant they will affect the absorp- 
tion of radiation in an atmosphere in 
two ways. In the first place, there will 
be continuous absorption leading to 
dissociation and the frequencies for 
dissociation are in general much less 
than those for ionisation of atoms or 
molecules. Second, molecular lines 
often lie so close together because of 
the many rotattonal and vibrational 
states that exist, that in some parts of 
the spectra absorption in discrete lines 
will come close to continuous absorp- 
tion. Molecules will of course be dis- 
sociated if the temperature of the 
atmosphere is high but many molecules 
can exist at temperatures up to 3,000 K. 
It has indeed been suggested that 
hydroxyl may contribute to the opacity 
of the solar atmosphere, and it is 
almost certain that H; is present in 
cool stars where molecules such as G 
and CN are already observed. 

The study of Jordan and others and 
the ideas which stem from “it call 
attention to the importance of molecu- 
lar spectra in the neighbourhood of 
Lyman-æ, Because the energies lie 
above the dissociation enengy of most 
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molecules, predissociation phenomena 
may be observed in the spectra. The 
advent of synchrotron sources for 
ultraviolet spectroscopy makes it easier 
to investigate molecular spectra in the 
far ultraviolet, and prompted by the 
increasing astrophysical interest in 
molecules, it may be that there is an 


area of physics here ripe for develop- 
ment. Thus the study of Jordan and 
others calls attention to these aspects 
of molecular astrophysics—-the role of 
molecules in stellar atmospheres, the 
formation of molecular lines in inter- 
stellar formation and the expanding 
interest in laboratory investigations. () 


How should earthquakes be quantified? 


from a Correspondent 


At the meeting of the International 
Association of Seismology and 
Physics of the Earth’s Interior 
(TASPEI) held in Durham on 9-19 


August, 1977, a special workshop on 


the subject of Quantification of 
Earthquakes was organised by Pro- 
fessor K. Aki (Massachusetts Insti- 
tute of Technology). 


Mucu of the discussion in this work- 
shop was concentrated on the concept 
of seismological magnitude, the oldest 
and most widely used measure of the 
size of earthquakes. Although magni- 
tude has been an extremely useful 
phenomenological tool, recent advances 
in seismic source theory have con- 
vinced many setsmologists that it is, if 
not obsolete, at least in need of re- 
vision and redefinition. There seems to 
be no agreement about how magnitude 
can be related to the physics of earth- 
quakes or even about what it is that 
magnitude is intended to measure. 
Also at Durham, the Subcommission 
on Magnitude of the Commission on 
Practice met and wrestled with the 
problem of organising and simplifying 
the profusion of differing magnitude 
scales in current use. This task is 
almost impossibly difficult, due to 
variations in instrument design, wave 
types used, seismogram-reading prac- 
tices, frequency and distance correction 
methods, and nomenclature. The situa- 
tion has become so complex that even 
to catalogue current practices has re- 
quired a major effort and has resulted 
in a document of impressive size. If the 
Subcommission succeeds even partially 
in reducing the confusion and in 
standardising practices, it will have 
performed a valuable service. 
Seismological magnitude was origin- 
ally developed by Gutenberg and 
Richter in the 1930s as a heuristic tool 
for studying Southern California earth- 
quakes. Before then, statistical studies 
of earthquake occurrence had made no 
distinction between large and small 
events, and often produced very mis- 
leading results. Magnitude was defined 
as proportional to the logarithm of the 
maximum excursion produced on a 
Wood-Anderson torsion seismograph 





situated 100 kilometres from the epi- 
centre, with magnitude 0 set at a level 
near the smallest detectable earth- 
quakes. (Magnitudes down to about 
—3 are nowadays reported in micro- 
earthquake studies.) In this definition, 
Gutenberg and Richter were influenced 
considerably by the stellar magnitude 
scale in astronomy, from which seismo- 
logical magnitude differs in two re- 
spects. First, and most trivially, the 
scales run in opposite directions: 
bright stars have small magnitude 
numbers, but great earthquakes have 
large ones. More importantly, seismo- 
logical magnitude ts intended to 
measure only the size of earthquakes, 
while astronomical magnitudes are of 
two varieties: absolute, which measures 
the total radiation from stars, and 
visual, which measures their brightness 
as seen (usually) from the Earth. The 
closest thing seismology has to visual 
magnitude is intensity, which is a 
measure of the strength of ground 
shaking in the epicentral region. 
Seismological intensity, however, is not 
based on any kind of measurement, 
but rather on human judgement 
applied to the social and engineering 
effects produced. It does not lend itself 
to quantitative interpretation, and in 
fact is usually expressed in Roman 
numerals to discourage any such 
attempt. As strong-motion seismo- 
graphs become more widely distributed, 
it will become possible to place in- 
tensity on a more objective foundation. 
A first step in this direction might be 
to establish an instrumental scale for 
intensities below the threshold of per- 
ceptibility, where seismographic data 
are plentiful. 

Gutenberg and Richter themselves 
seem to have been surprised at the 
great success of the magnitude concept, 
much of which no doubt stems from 
the fact that the range of magnitudes 
is enormous, so that even an imprecise 
scale is still quite useful. Detectable 
earthquakes range over more than 11 
orders of magnitude, while even a gross 
blunder such as doubling the observed 
signal amplitude adds only 0.3 to the 
magnitude. By now however, our 
understanding of earthquake mecha- 
nisms has advanced to the point where 
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several physical attributes can be de- 
termined, at least approximately, from 
the radiated waves (such as source 
dimensions, displacement dislocation 
and stress drop). The relation between 
any of these quantities and magnitude 
is purely statistical, and subject to a 
great deal of scatter. (There is a case 
in California of a magnitude 3 earth- 
quake with a fault length usually 
typical of magnitude 6 events.) It has 
become clear that several numbers are 
needed to describe an earthquake’s 
size, and that magnitude is not one of 
them. 

One of the most serious deficiencies 
of magnitude as it is now defined is 
the phenomenon of saturation. To de- 
termine the size of an earthquake, it 
is necessary to use waves longer than 
the spatial dimensions of the source. 
Otherwise, one measures only the 
radiation from a small part of the total 
source region at each instant. As a 
result the magnitude measured in any 
given instrumental pass-band has a 
practical upper limit. For ‘short-period’ 
(~1 s) waves this hmit is around magni- 
tude 7, while at 20s it is about 8.5. 
If magnitude is based on the longest 
observable waves, then values range at 
least as high as 10 (for the 1960 
Chilean earthquake). One solution to 
the saturation problem is to use waves 
longer than the source dimensions 
(how long this may be will vary from 
event to event) The quantity so 
measured is referred to as ‘seismic 
moment’, and its use has spread rapidly 
since its introduction some 10 years 
ago. It has the additional advantage of 
being subject to a simple physical inter- 
pretation: for a shear fault, for 
example, it is the product of the 
rigidity modulus, the fault area, and 
the mean dislocation across the fault. 
Seismic moment suffers, however, from 
being based only on low-frequency 
motions. In many contexts, such as 
that of hazard evaluation, high-fre- 
quency motions are more important. 

Another related limitation of magni- 
tude is the fact that it is based on 
instantaneous measurements. Signals 
of the same amplitude, whether they 
last for 1 cycle or 100, always lead 
to equal magnitudes, though they 
certainly do not correspond to similar 
source processes or hazards. Recently, 
local earthquake magnitude scales 
based on signal duration, or ‘coda 
length’, have been developed and are 
used widely in California, but they 
have not yet been given a sound 
theoretical foundation: the coda length 
observed is primarily a wave-propaga- 
tion (scattering), rather than a source 
effect and may be subject to large 
variations with seismic region and focal 
depth. Coda-length magnitude has so 
far been used more to avoid problems 
of instrument saturation than to study 
the actual duration of earthquakes. 
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Considerable attention in the work- 
shop was given to a generalisation of 
seismic moment, the ‘seismic moment 
tensor.’ This representation of seismic 
sources, which was suggested by 
Gilbert in 1970 (Geophys. Ji R. astr. 
Soc. 22, 223) and has recently been 
justified rigorously by Backus and 
Mulcahy (Geophys. Jl R. astr. Soc. 4, 
341; and 47, 301), promises to narrow 
the gap between observational seismo- 
logy and the theory of earthquakes. 
The problem of understanding the 
earthquake process is one of the most 
difficult in mathemathical physics, in- 
volving the elastic and anelastic 
behaviour, chemistry, and thermo- 
dynamics of rocks, and their inter- 
action with the dynamic stress field. 
Seismologists are still far from solving 
this problem, and are likely to remain 
so for some time. When earthquakes 
are better understood, it may be 
possible to ‘invert’ seismic observations 
to derive event parameters, but mean- 
while phenomenological descriptions 
will be needed, if only to catalogue 
observations we do not yet understand. 
This need explains much of the success 
of the magnitude concept, as well as 
the promise of the moment—tensor 
formulation. Backus and Mulcahy have 
shown that a unique reconstruction of 
the elastodynamic source process can- 
not, even in theory, be made from the 
information carried by the radiated 
waves; different physical sources can 
excite identical waves. What can be 
determined is the moment—tensor 
density, as a function of position and 
time, and any indigenous source can 
be described this way. To go further, 
unjustifiable assumptions must be made 
about the failure mechanism. The use 
of the moment-—tensor representation, 
in fact, greatly simplifies the determina- 
tion of source parameters, because the 
wave field depends linearly on the 
moment—tensor components, so the 
methods of linear inverse theory can be 
used. As a practical matter, this trans- 
formation of a non-linear inverse 
problem into a linear one enormously 
simplifies computations. The moment- 
tensor representation thus has the three 
advantages of being completely general, 
of being the most detailed source de- 
scription which does not depend on a 
detailed model of the failure process, 
and of being computationally con- 
venient, 

It seems certain that moment tensors 
will prove to be powerful tools for 
advancing our understanding of the 
earthquake process. Agencies produc- 
ing routine earthquake catalogues, such 
as the US Geological Survey and the 
International Seismological Centre, will 
probably soon begin to report moment 
tensors for large earthquakes, and 
these may someday replace magnitudes 
as the standard measure of earthquake 
size. In any event, though, seismo- 


logical magnitude will be with us for 
some time, and its ultimate replace- 
ment or modificatinon will occur 
because of scientific advances, not the 
reports and resolutions of official 
committees. n 


New earthquake 
magnitude scale 


from Peter J. Smith 


ALTHOUGH more than a million earth- 
quakes occur each year, most of the 
energy released comes from the very 
few very large ones. There is some 
point, therefore, in being able to deter- 
mine the seismic energy from very 
large earthquakes with reasonable 
accuracy. Unfortunately, there are dif- 
ficulties in doing so. It is usual to esti- 
mate seismic wave energy (E) from an 
earthquake’s surface wave magnitude 
(M) using the Gutenberg—Richter 
equation log E=1.5 Ms+11.8 or very 
similar empirical relationships derived 
by others (most notably Bath). The 
problem is, however, that for a great 
earthquake, which in this context 
means One with a rupture length of 
more than 100km, the measured M, 
is Suspect. 

The reason is that M, is conven- 
tionally determined using surface waves 
with a period of about 20s or by 
empirical conversion from a body 
wave magnitude derived from waves 
with even shorter periods. But when 
the rupture length of an earthquake 
exceeds the wavelength of the seismic 
waves used in the magnitude determina- 
tion, the measured magnitude no longer 
reflects the entire rupture process; and 
there is then little correlation between 
Ms, and rupture length. So the M, scale 
is subject to ‘saturation’ at ifs upper 
end, the result of which is that for 
great earthquakes the measured magni- 
tude and the energy estimated from it 
may be inaccurate. 

In an attempt to circumvent this 
difficulty, which has been known for 
some time, Kanamori (J. geophys. Res. 
82, 2981; 1977) has now adopted a dif- 
ferent approach to the calculation of 
the energy released by a great earth- 
quake, an approach which leads 
incidentally to a more appropriate 
magnitude scale for such events. He 
thus begins not with magnitude but 
with seismic moment, a static source 
parameter defined as the product of 
the rigidity of the rock in the fault 
zone, the average slip over the fault 
surface and the area of the fault slip. 


Peter J. Smith is a Reader in the Depart- 


ment of Earth Sciences at the Open 
University. 
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Seismic moment (Mo) is essentially a 
measure of the overall deformation at 
the earthquake source, but it can also 
be related to the elastic strain energy 
(W) released by the earthquake. It 
turns out that if all the built-up stress 
is removed by an _ earthquake, 
W=W)~M,/210'. If the stress drop 
is not complete the expression for W 
becomes more complicated and the 
calculated Wa gives only the minimum 
strain energy release. However, the 
situation is simplified if it be assumed, 
with Orowan (Geol. Soc. Amer. Mem. 
79, 323; 1960), that the stress remaining 
after the earthquake is equal to the 
frictional stress during faulting. In this 
case Wa is not only the minimum esti- 
mate of W but is also equal to the 
seismic wave energy (E). 

It is not clear whether or not the 
stress drop during an earthquake is 
complete; there is evidence to support 
either view. But there is also evidence 
from several earthquake studies to sup- 
port the validity of Orowan’s condition, 
which, if accepted, allows E to be 
determined from W, and hence from 
Ma, irrespective of whether Wae is the 
actual or the minimum strain energy 
release. As for Mp itself, this quantity 
has been determined directly for many 
of the great earthquakes that have 
occurred since 1904, for others it may 
be estimated from the area of the 
fault plane or by other means, and for 
a few it may no longer be estimated 
at all. But whether Mẹ is known, by 
whatever means, Kanamori has deter- 
mined W, and hence E. By putting 
these E values into the Gutenberg- 
Richter equation he has then calculated 
magnitudes, denoted generally by Mw. 
In other words, My represents a new 
magnitude scale for great earthquakes, 
determined not directly from wave 
amplitude but indirectly from seismic 
moment. 

The result is interesting. For the 
period 1904-76 the event with the 
highest Mw (9.5) turns out to have been 
the Chilean earthquake of 1960 
(M,=8.3). This was followed by the 
Alaskan earthquake of 1964 (Mw=9.2, 
M,.=8.4), the Aleutian earthquake of 
1957 (Mw=9.1, Ms=8.3) and the 
Kamchatka earthquake of 1952 (Me= 
9.0, M.=8.3). But Mw is not always 
greater than M,. For the 1920 Kansu 
(China) shock, for example, an M, of 
8.5 becomes an My of 7.8. Moreover, 
for many earthquakes with a rupture 
length of about 100km, M, and Mw 
are in fairly good agreement, suggesting 
that for these and smaller events the 
M, scale is entirely appropriate. This 
also means that the Mw scale connects 
smoothly to the M, scale to which it 
becomes a natural continuation. 

The My scale seems to be better for 
earthquakes because it removes the 
saturation inherent in the M, scale. 
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But it also draws attention to some 
possibly significant relationships which 
either were not previously apparent or 
are different from those implied by the 
use of the M, scale. For example, when 
W 1s plotted against time for the period 
1920-76 (for which the data are almost 
complete) it becomes clear that the 
annual average for the period 1920-65 
(within which Wa peaks) is more than 
an order of magnitude higher than that 
for the periods 1920-50 and 1965-76. 
This picture is quite different from that 
based on E calculated from Ms, which 
shows a steady decrease since the mid- 
1940s. The significance of this difference 
becomes clear with the discovery that 
the E-from-M, curve is very similar in 
shape to the corresponding time curve 
of the number (N) of earthquakes with 
M,27.0. Since the N curve is heavily 
biased in favour of moderate-to-large 
earthquakes, the proportion of events 


LOESS is essentially a silty soil, widely 
believed to have been deposited by 
the wind and is of particular interest 
as the soil on which some of the 
earliest agriculture flourished. The 
aims of the Loess Commission have 
been to produce a map showing the 
distribution of loess in Europe and to 
untangle some of the stratigraphic 
problems presented by the thick loess 
sequences of central Europe. It was 
formed as a subcommission at the 
1961 INQUA meeting in Warsaw and 
upgraded to full commission status 
at the 1969 Paris meeting. Julius 
Fink (Austria) was its first president 
and he has steered the commission to 
the virtual completion of its initial 
tasks (see Eiszeit. u. Gegenwart 27, 
220; 1976). At Birmingham, progress 
on the loess map was reported by G. 
Haase (DDR); the western sheet is 
virtually complete and proof prints 
should be available by the end of 
1977. The eastern sheet has been 
delayed by the lack of a suitable 
topographic base but with the help of 
I. P. Gerasimov (USSR) this difficulty 
has now been overcome. Details of 
the map scales and the data presented 
are given in a paper by Haase, Ruske 
(DDR) and Fink which will appear 
soon in Petermanns Geog. Mitt. 
Fink reported on field trips since 
the last congress (Christchurch 1973); 
visits have been made to Germany 
(BRD, 1974), France (1975) and the 
Soviet Union (Ukraine and Molda- 
via, 1976). Now that the European 
problems have been tackled the com- 
mission is looking east to the Asian 


loesses and the 1976 trip to Soviet 


territory represents the first tentative 


mer 


I. J. Smalley is a Lecturer in the Depart- 
ment of Civil Engineering at the Univer- 
sity of Leeds. 


with M,>8.0 being small (3.3%), the 
implication is that the E-from-Ms 
curve is also biased in favour of 
moderate-to-large earthquakes, indicat- 
ing that for great earthquakes the 
seismic wave energy calculated from 
M. is indeed underestimated. 

This being the case, it becomes clear 
from a comparison of the W, and 
E-from-M, curves that the number of, 
and the wave energy radiated 
by, moderate-to-large earthquakes de- 
creased sharply just when the energy 
from great earthquakes increased 
sharply. Was this just a coincidence or 
was there a causal link there some- 


where? The evidence suggests the 
latter. As Kanamori demonstrates, 
there is a remarkable correlation 


between the Wy) curve and the curve 
of Chandler Wobble amplitude, with 
Wa moving in the same way as, but 
slightly behind, the amplitude. 


New look for 
Loess Commission 


from I. J. Smalley 


Commission 4 of the International 
Union of Quaternary Research 
(INQUA) met at Birmingham 
University on 16 and 23 August, 


1977. The scope of the Loess Com- 
mission is to be expanded, and 
practical aspects of loess investi- 
gation will be emphasised. 





move in that direction. The commis- 
sion will also turn to the study of 
more practical aspects of loess and 
give some emphasis to irrigation 
problems and engineering and eco- 
nomic topics. New INQUA bye-laws 
require sweeping changes in the com- 
mission membership and advantage 
will be taken of this to reflect new 
interests (both topical and regional). 
The new president is Marton Pecsi 
(Hungary), Director of the Geogra- 
phical Institute of the Academy of 
Sciences in Budapest; vice-president, 
B. Frenzel (BRD), secretary, O. 
Fränzle (BRD); and a group repre- 
senting Europe: J-P. Lautridou 
(France), J. Fink (Austria), J. 
Macoun (Czechoslovakia), A. E. 
Dodonov (USSR) and I. J. Smalley 
(UK). R. V. Ruhe (USA) will co- 
ordinate activities in North America 
and J. M. Bowler (Australia) will do 
the same for the Australasian and 
Pacific regions; there are eighteen 
corresponding members. 

J. M. Bowler reported on the con- 
tacts between Australia and China. A 
group from the Australian National 
University has visited the classic loess 


Nature Vol. 270 24 November 1977 


One possible explanation for this cor- 
relation is that an increase in Chandler 
Wobble amplitude, brought about by 
external (for example, atmospheric) 
forces, triggers worldwide seismic 
activity and accelerates plate motions, 
eventually leading to great plate- 
decoupling earthquakes which so 
decrease intraplate and _ interplate 
stresses that moderate-to-large earth- 
quake activity declines. On the other 
hand, the activity of great earthquakes 
could produce the Chandler Wobble, 
although this seems to be less likely. 
Then a third possibility is that the 
Chandler Wobble and great earth- 
quakes have a common cause such as 
perturbations in the Earth’s rotation. 
Whatever the explanation may be, the 
ancient controversey over the precise 
connection, if any, between earth- 
quakes and Chandler Wobble has 
evidently been revived. G 


regions of north China and returned 
with samples and Chinese loess litera- 
ture, Important papers will be trans- 
lated and published in English. In 
particular the major works by Liu 
Tung-sheng and his collaborators will 
be made available. Chinese investiga- 
tors have visited Australia to look at 
aeolian sediments in the central 
regions. There is no loess as such in 
Australia but the aeolian sediments 
have enough features in common to 
make comparative studies worthwhile. 
The contact at present is established 
at governmental level but the com- 
mission hopes to participate in 
studies of one of the world’s most 
fascinating and still problematical 
(see News and Views 267, 484; 1977) 
loess deposits. 

Pecsi rounded the meeting off with 
a personal view of new aims for the 
commission. He stressed the need for 
research into practical problems con- 
nected with loess and proposed that 
in the next phase of the commission’s 
activities there should be some em- 
phasis on foundation problems and 
related engineering topics, on prob- 
lems of landscape deterioration in 
loess areas, and on problems of fore- 
casting and planning for land use. 
Traditional activities should not be 
neglected however and it might be 
possible to investigate certain loess 
stratotypes very thoroughly-—perhaps 
on an international basis. He proposed 
that the section at Paks in Hungary 
might receive the same intense study 
as that organised by Fink at Krems 
in Austria. 

The next loess discussion will prob- 
ably be in Jerusalem at the Sedimen- 
tological Congress in July 1978. D. H. 
Yaalon (Israel) will prove to doubters 
that desert loess exists. Cl 
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review article 


Evolution of ageing 
T. B. L. Kirkwood* 











An evolutionary view of ageing suggests that mortality may be due to an energy-saving strategy 
of reduced error regulation in somatic celis. This supports Orgel’s ` error catastrophe hypothesis and 
offers a new basis for the study of normal and abnormal ageing syndromes and of apparently immortal 


transformed cell lines. 





THe question of why we and most other higher animals age 
is not trivial since many organisms, notably higher plants, 
live and propagate indefinitely. Perhaps because we are so 
familiar with ageing it is dangerously easy to fall into cir- 
cular argument such as that ageing is a mechanism for rid- 
ding a population of old and worn-out individuals who 
would otherwise compete for resources with younger and 
fitter ones’. This makes sense if, for example, we assume 
individuals to have a defined reproductive lifespan, but 1s 
circular since the cessation of reproduction is itself a pheno- 
menon of ageing. In this paper I show that by adopting an 
evolutionary point of view it is possible to relate Orgel’s 
theory’ that ageing is the result of a progressive breakdown 
in accuracy in protein synthesis to recent theoretical and 
experimental work on the senescence of diploid human 
fibroblasts, and I suggest a new reason why we may expect 
the error theory of ageing to be correct. 

In discussing the evolution of error regulatory mech- 
anisms it is appropriate to begin with brief consideration of 
the emergence of the earliest life-forms. The fate of the 
first replicating organic molecule would have depended on 
the speed and accuracy with which it generated ‘daughters’. 
Subject to a continual risk of disruption by chemical and 
physical agents in the environment the lifetime of any 
relatively complex molecule must have been strictly limited. 
In addition primitive replication was probably highly in- 
accurate so only a relatively small proportion of copies 
would have been viable. To avoid extinction a replicator 
needed to produce at least one viable copy before being 
disrupted and even so there remained a definite chance of 
extinction which decreased inversely with the expected 
number of descendants per generation. It is, therefore, 
highly unlikely that life began all at once in a particular 
place at a particular time. Much more plausibly large 
numbers of colonies of different replicators were appearing 
and disappearing over the same period of time. Gradually, 
and inevitably, the colonies became larger as the faster and 
more accurate replicators outlasted the others. The mean 
levels of accuracy and speed of replication continued to rise 
while the freely available raw material for biosynthesis was 
depleted, leading to intensive interspecies competition and 
strong selection for catalytic activity and hence, for 
example, to the evolution of organised cells capable of 
binary fission. 


Coping with errors 
At a fundamental level evolutionary survival is the pre- 
servation of a dynamic balance between information, or 
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order, and entropy, or disorder. Indeed, given the capacity 
for replication, neo-Darwinist natural selection may be seen 
as the direct result of interaction between the information 
stored in living organisms and the entropy of their environ- 
ment. The diversity of present-day species testifies to the 
wide range of evolutionary strategies that are effective for 
survival, and it is my intent in this paper to demonstrate 
why ageing should be one of these. 

A vital manifestation of entropy is the error inherent in 
all processes of macromolecular information transfer within 
living cells. To sustain the prospect of further evolutionary 
change and so improve its chance of ultimate survival an 
organism must make occasional copying errors. Too many 
mistakes would be a serious handicap so what is needed is 
a compromise, a tolerable level of error sufficient to allow 
necessary change. Given enough time natural selection 
ensures that organisms with optimal error levels will 
dominate. The presence of any error at all, however, poses 
interesting problems for our understanding of molecular 
biology. 

Orgel’ pointed out that cellular proteins could be divided 
roughly into two sets, those involved in the transfer of 
information from DNA, in replication and in protein syn- 
thesis, and those involved in other cell functions. The 
presence of a low level of error in the synthesis of the 
second set of proteins would have relatively little effect on 
cell viability. But erroneous synthesis of some of the first 
set might have serious consequences since abnormal proteins 
that retained activity but had reduced specificity could pro- 
duce further defective proteins and so generate a positive 
feedback of errors leading to a progressive decline in the 
accuracy of the protein-synthesising machinery and ulti- 
mately to a lethal ‘error catastrophe’. Orgel subsequently 
revised’ his original suggestion that the error frequency 
must increase exponentially and showed that depending on 
the amount of error feedback allowed, stability of transla- 
tion may be achieved despite the presence of error. In some 
circumstances, however, error catastrophe would still 
occur. Hoffman‘ has proposed a more detailed model of the 
feedback of errors in the protein-synthesising machinery 
and concluded that translation is too stable to allow ‘error 
catastrophe’ to play any real part in present-day organisms. 
He supposes the translation apparatus to comprise a set of 
polypeptide ‘adaptors’ responsible for inserting amino-acids 
into a peptide chain according to the sequence specified by 
the DNA. The average accuracy of the ith generation of 
adaptors (assuming these to be in some sense discrete 
generations)—that is the probability that an adaptor ‘of the 
ith generation inserts the correct amino-acid—is denoted by 
q. Then what matters is the form of the functional 
relationship between q: and qi If gi>q-. the error level 
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Fig. 1 A simplified model*® of the feedback of errors in the 
translation apparatus assumes a set of polypeptide “adaptors” 
to be responsible for inserting the specified amino acids into 
peptide chains. The curves illustrate the form of relationship 
between the average accuracy, qa, of the generation / adaptors 
and the average accuracy, qi- of the immediately preceding 
generation. The arrow indicates the direction of displacement 
of the curve as the average proportion (&) of activity retained by 
erroneous adaptors decreases. 


decreases while if g;<gq;-1 it increases. According to Hoff- 
man the dependence of q; on qim is S-shaped with a region 
where g;>qi-n for any plausible present-day apparatus. The 
presence of this stable region forms the basis of Hoffman’s 
conclusion that ‘error catastrophe’ is not relevant to 
present-day organisms. Kirkwood and Holliday’ point out, 
however, that Hoffman’s model requires that the activity of 
an erroneous adaptor be reduced to a level so low that feed- 
back of errors is virtually prohibited and argue that a con- 
siderable body of biological evidence does not support this 
assumption. They define a parameter R that represents the 
proportion of activity retained by erroneous adaptors and 
show that the value of R determines whether or not stabil- 
ity is attained (see Fig. 1), low values of R resulting in 
stability (Hoffman’s model is equivalent to the case where 
R is fixed and very small). The introduction of this para- 
meter into the model is of great importance since it allows 
a degree of freedom on which evolution may work. For 
example, the development of a ‘scavenging’ system that 
would degrade erroneous protein would reduce the value 
of R. 

It should immediately be recognised that this model is a 
great oversimplification and cannot be viewed as anything 
more than a broadly descriptive account of the possibilities 
of error catastrophe or stability. It does, nevertheless, serve 
to illuminate the general qualitative features that can be 
expected of the feedback of errors in the protein-synthe- 
sising machinery and it forms a useful basis for discussing 
their relevance to the evolution of present-day organisms. 

As primitive cells evolved, each containing its own trans- 
lation apparatus, some stability of error must have been 
achieved. Error catastrophes may, of course, have been 
initiated in some daughter cells but the expected number of 
‘catastrophe-free’ offspring per generation must have been 
greater than one. Selection would have favoured those cells 
with phe highest proportion of ‘catastrophe-free’ offspring 
and so increased the level of stability. 

This can be understood quite easily in terms of the Kirk- 
wood/Holliday model. As R (the proportion of activity 
retained by erroneous adaptors) decreases the S-shaped 
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curve relating to q; to qi; moves steadily upwards and to the 
left. Thus an R-value can be chosen such that the curve 
just touches the line g; = qiu giving a point of precarious 
balance. A slight further decrease in R produces a small 
stable region (q:>qin). Random fluctuation in q, however, 
may allow a jump across the stable region into incipient 
error catastrophe. Decreasing R decreases the chance of 
such a jump. Thus we can see that selective pressure con- 
tinues to reduce R until the chance of jumping across the 
stable region becomes very small. This would have been 
particularly true for organisms exposed to environments 
where the risk of externally introduced errors was high. 

On this basis we can expect to find that in present-day 
organisms the stability of translation will be very high. At 
this point, however, it is important to draw a distinction 
between unicellular and multicellular organisms. In dis- 
cussing ageing our attention is confined to the latter in 
which the cells may be grouped as somatic cells which do 
not contribute information to succeeding generations and 
germ line cells which do. We shall see that there are good 
reasons why an organism should have evolved a different 
approach to error regulation in these two categories of cells 
and that these are sufficient to explain why we age. 


The phenomenon of ageing 

Since Hayflick and Moorhead? gave the first clear demon- 
stration that human fibroblast cells have a finite lifespan 
in vitro these cells have been studied as a possible model 
for ageing in vivo. Fibroblast lifespan has been shown to be 
determined largely by cell generations and not by chrono- 
logical time’, and Martin er al. have proved that the finite 
division potential is related to ageing in vivo by demon- 
Strating that culture lifespan declines with donor age. A 
similar conclusion was indicated by the finding that cells 
from patients with diseases of premature ageing showed 
reduced division potential. 

Senescent fibroblasts are visibly sick and cannot compete 
with young cells. It is therefore surprising that cellular 
selection does not act against the senescent cells leaving 
the culture permanently viable. The most satisfactory ex- 
planation is that cells become ‘‘committed’’ to senescence 
while still outwardly healthy and that a number of cell 
generations then elapse before the death of the resultant 
clone. A model on these lines has been shown to explain 
the finite lifespan of human fibroblasts in culture’. This 
model is very simple in structure. It is assumed that any cell 
not yet committed to senescence gives rise to committed 
daughter cells with some probability P for each daughter 
and that an incubation period of M cell generations is 
required before death. If P20.5 the expected number of 
uncommitted daughters per uncommitted cell is < 1, so 
mortality is inevitable. If P<0.5 the uncommitted cells can 
in principle increase in number. In practice, however, the 
culture size is strictly limited and surplus cells are dis- 
carded with the result that the uncommitted cells are lost 
‘by dilution’ unless the culture size is very large (routine 
cultures contain 10°-10' cells). Experimental results’? 
strongly support this model and suggest that P=0.275 and 

The conclusion we might be tempted to draw from the 
observed mortality of cell cultures, namely that ageing in 
vivo is the result of the body’s cells simply running out of 
division potential, is denied by the data of Martin et al.* 
which show that mean culture lifespan (population 
doublings) = 42~-0.2 x donor age so that cells from even 
90-—100-yr-old individuals are capable on average of 20-25 
population doublings. A specific feature of the commitment 
model is that it predicts a sharp fall in the cell population 
growth rate as the first committed cells reach the end of 
their incubation period and die (see Fig. 2) since these 
constitute approximately a quarter of the population. For 
normal cell cultures the change of growth rate may be 


Nature Vol. 270 24 November 1977 


expected 20-25 population doublings before the end of the 
culture lifespan. Tissue in old people may therefore be 
experiencing this fall in growth rate. This conclusion is 
supported by the estimated value of 55-60 cell generations 
for the incubation period which allows =10" cells to be 
produced from a single cell before the change in growth 
rate would occur, a number reasonably close to the total 
number of cells likely to be required in a normal human 
lifetime. Ageing is a complicated process and it may be a 
mistake to seek too simple an explanation. It is, however, 
possible that the relatively sudden loss of a substantial 
proportion of cell replicative potential may account for the 
physical emaciation and loss of homoeostasis associated 
with senile decay. 


Why grow old? 

The commitment model closely resembles the model for the 
feedback of error in the protein synthesising machinery if 
we equate P with chance of jumping from a stable to an 
unstable state and M with the metabolic period required 
for an error catastrophe to result. Fifty-five to sixty cell 
generations may seem surprisingly long in this context, 
but q; initially changes slowly and it can be shown that 
many generations of adaptors may have to elapse before q; 
falls very far. 

Experiments show that increasing the error frequency 
reduces the lifespan of human fibroblasts’ and that old cells 
contain higher levels of erroneous functional and trans- 
lational enzymes than young cells’. A general error 
catastrophe thus offers a plausible explanation for the ageing 
of human fibroblasts. That it offers a likely explanation 
may be seen from the following argument. 

As Hamilton and others have recently emphasised (see 
ref. 13) natural selection must operate at the level of the 
replicating unit, the gene. To maximise their chance of 
survival genes must always replicate between succeeding 
generations as rapidly and accurately as allowed by their 
environment. Accuracy can only be achieved through the 


Fig. 2 Predicted fall in cell population growth rate according to 
a model of the commitment to senescence of diploid human 
fibroblasts’. Cells not yet committed are assumed to give rise to 
committed daughter cells with probability P (œ 0.275) for each 
daughter. M (~ 55-60) cell generations after commitment the 
resultant clone is assumed to die. An initially uncommitted 
population doubles with each cell generation until, after M 
generations, the first deaths occur and the population growth 
rate falls. During routine cell culture, when the population size 
is strictly limited, uncommitted cells are lost “by dilution” and 
the population dies out (solid curve). Very large cultures may, 
however, continue indefinitely at the reduced growth rate 
(broken fine). 
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expenditure of energy, either by direct proof-reading, kinetic 
proof-reading as proposed by Hopfield“, or by destroying 
erroneous products. The latter may occur either at a mole- 
cular level by scavenging for erroneous protein or at a 
cellular level by means of a ‘suicide’ protein that kills the 
cell when the error level begins to rise”, Accuracy in the 
germ line is vital for gene survival but a high level of 
accuracy in somatic cells may be a luxury our genes do 
better to forego. Ageing may, therefore, be the result of 
an energy-saving switching off of the mechanisms respon- 


‘sible for high accuracy in the translation apparatus at or 


around the time of differentiation of somatic cells from 
the germ line. This may leave the somatic cells in a 
relatively unstable state where a small random increase in 
errors commits them to an eventual error catastrophe. 
This strategy is evolutionarily stable in the sense defined 
by Maynard Smith and Price’ provided that the risk to 
the individual of accidental death is not too low since the 
alternative of maintaining the high accuracy in all cells 
which might allow immortality would carry the penalty of 
an increased energy requirement. This penalty would mean 
that, other things being equal, an individual would grow 
and reproduce more slowly or would be subject to a greater 
risk of starvation or accidental death while seeking food. 


Conclusions and implications 


There are three requirements for a satisfactory theory of 
ageing. It must be theoretically plausible, it must be sup- 
ported by experimental evidence, and it must make 
evolutionary sense. The general error theory satisfies all 
these requirements. The main rival theory suggests that 
ageing is genetically programmed in much the same way 
as morphogenesis, Although this is theoretically plausible 
no specific model has been proposed that is amenable to 
experimental test and no convincing argument has been 
put forward to favour the evolution of such a programme. 
A further theory’ suggests that ageing is the result of 
natural selection delaying the time of onset of deleterious 
genes, so that senescence and death result from the accu- 
mulation of late-acting harmful genes. This well-argued 
theory is, however, either circular or incomplete as it 
presupposes ageing in a general sense since the time of 
action of a gene during adulthood is determined not by 
chronological time but by its biochemical environment. If 
the time-keeping process is a genetic ‘clock’ the theory is 
identical with the programme theory. If it is an increase of 
errors it may be incorporated as a part of the general error 
theory. A third possibility, that the genes are triggered by 
the accumulation (or depletion) of some otherwise inno- 
cuous substance, would need to be specifically defined and 
tested before it could be seriously entertained. 

If the argument presented here is correct, we may hope 
to understand some of the many aspects of ageing by 
detailed study of the processes of error regulation. We may 
examine how different species have adapted these processes 
to meet their individual needs and, in particular, we may 
hope to gain insight into the abnormalities represented by 
diseases of premature ageing and by the apparently im- 
mortal transformed cells of malignant tumours. It may, for 
example, be possible that oncogenic viruses interfere with 
these processes to enhance the accuracy of their own 
replication in a way that restores some error-committed cells 
to stability. Such a return to a quasi-germ-line state might 
explain the reappearance of foetal proteins in malignant 
tissue. We should remember too that our ageing processes 
evolved at a time when our average lifespan was consider- 
ably shorter, just long enough in fact for us to fulfil our 
basic evolutionary role of bearing children and nurturing 
them to reproductive age. In modern technological soeieties 
the majority of us reach old age and mortality need not 
necessarily be evolutionarily stable. 

I am very grateful to Dr R. Holliday for continued help 
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and encouragement with this work and to Professor J. 
Maynard Smith and Dr L. E. Orgel for discussion. 
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Palaeomagnetic evidence indicates that the continents have 
been in a more-or-less continuous relative motion. At the 
end of the Palaeozoic there was a redistribution of the 
major continental blocks that occurred without the forma- 
tion of new ocean between them, Wegener’s Pangaea seems 
only to have lasted a few tens of millions of years. 


Maps summarising the drift of the major. continental blocks 
since the middle Devonian (--375 Myr ago) are presented 
here. They are based mainly on a global synthesis of the 
palaeomagnetic datat, including the most recent results from 
the USSR?. Reasonably reliable apparent polar wandering 
(APW) paths for the major continental blocks can now be 
drawn for the Middle Carboniferous (325. Myr ago) onwards, 
and are given in Figs | to 3. They have been obtained by first 
referring all the palaeomagnetic poles to a scale of Myr”. The 
oldest poles from each continental block were then grouped 
into an interval of 40 Myr duration, and an average calculated 
to obtain the oldest point. The limits of the interval were then 
moved forward by 10 Myr and a second average taken, and so 
on. Only every fourth value is independent. It would be de- 
sirable to use averages over a shorter interval, but as yet the 
data are neither numerous enough, nor sufficiently well spread 
in time. Calculations using 30 and 40 Myr. intervals yielded 
almost identical mean values, but at 20 Myr more scatter was 
evident. The mean 95% errors are 6° (North America), 7° 
(Eurasia) and 7° (Gondwana). 

The calculations were made assuming that the geomagnetic 
field averaged to an axial geocentric dipole (AGD). There is 
evidence that even when averaged over millions of years, the 
field may have had long-term non-dipole components? sufficient 
to cause polar errors of about 5°, and there are physical reasons 
why this might be soë. Analysis® of the geomagnetic field over the 
past 25 Myr yields no evidence for departures greater than 
about 5°. Indeed, it has recently been shown that during the 
Phanerozoic there is no significant departure of the field from 
that of an AGD within the errors in the palaeomagnetic 
determinations’. There is good agreement between the palaeo- 
magnetically determined latitude and the palaeoclimatic 
evidence, and this supports the AGD assumption in a general 


way®; for example, glaciations occur in Australia from the 
Middle-Carboniferous to the end of the Permian’, and their 
disappearance coincides with the motion of the pole away from 
Australia (Fig. 3). Finally, there is excellent internal agreement 
among Gondwana poles from localities spaced over 9,000 km, 
among poles from localities spread over 5,000 km in North 
America, and among poles spread over 6,000 km from Eurasia; 
note, for example, the high precision (k = 103 to 406) of 
Gondwana poles in the interval 270 to 290 Myr ago from 
Argentina, Morocco, Madagascar, Tanzania and Australia 
(Table 1). It is unlikely that such internal agreement would 
have been observed within blocks that at the time were adjacent 
to one another, if the field really had had very large non-dipole 
components. Therefore there are grounds for supposing that 
the poles of Table 1 provide estimates of the geographical pole 
with an average accuracy of 6° or 7° (P = 0,05). 

Since the advent of plate tectonics, maps showing displace- 
ments of the continents have been made using evidence mainly 
from the oceans, information that extends back only to the 
early Jurassic. Such maps indicate that at about 200 Myr ago 
the continental crust was grouped into a single supercontinent?®, 
referred to here as Pangaea A. Pangaea A is essentially 
Wegener’s reconstruction™. But for how long, before 200 Myr 
ago, did Pangaea A exist? This may be studied by comparing 
the latitudes for reference localities that were once adjacent but 
are now far apart using the paths of Figs | to 3. If Pangaea A 
existed the latitudes should be the same. For the comparison 
between North America and Africa (Fig. 4) the reference 
locality used is midway between Cape Blanc (locality L 21°N, 
19°W in the African frame) and Cape Hatteras (locality M 
37°N, 74°W in the North American frame) using the most 
recent reconstruction’? of Pangaea A; AA =A,—Ay, and A 
has been calculated from Table 1 using equation (9.1) of ref. 8. 
For the Lower Jurassic (190-160 Myr) Ad is effectively zero, so 
that the palaeomagnetically determined latitudes agree with 
Pangaea A. Before that AA is positive and significant, suggesting 
that during the Permian and much of the Triassic, Africa had a 
more northerly position relative to North America than that 
indicated by Pangaea A. This result is independent of the choice 
of reference localities, and is essentially the same for other 
reconstructions'**_ This discrepancy, although not previously 
so well documented, has been known for many years, and 


Nature Vol. 270 24 November 1977 


X 
ae 340290 
He i 29 v 80 260 


ip CWS: 
a 310 250 





F 330 (300 25 


70 | 
/ @.240 
7 i 0g 20 i 


N 
X 


ra 


ce 





Fig. 1 Apparent polar wander (APW) relative to North America 
since the Devonian. Sampling localities are marked by crosses. 
Errors listed in Table 1. 


several workers!®~!* have proposed that there was a large post- 
Triassic shear along Tethys (the Tethys twist”), that was 
supposed to account for the Alpine deformation'*!’, This idea 


is no longer acceptable because the early Jurassic palaeo- | 


magnetic results are now known to be in excellent agreement 
with Pangaea A (Fig. 4); the motions needed to account for the 
discrepancy must have occurred before the Alpine Orogeny, 
and before the creation of the western part of Tethys in the late 
Triassic. For the comparison between North America and 
Europe the corresponding AA values using Orphan Knoll as the 
reference locality (P 50°N, 47°W in the North American frame, 
and Q 50°N, 17°W in the European frame AX = Ap—Ag) do not 
differ from zero in the Permian and lower Jurassic, but there is a 
significant departure of about 10° in the Triassic (Fig. 4), It has 
been proposed!® that this is best explained by assuming that 
Eurasia moved southward with respect to North America 
during the lower and middle Triassic. Although this is pro- 
bably the correct interpretation of the discrepancy itself, it 
alone does not explain the remarkable fact that later, in the 
lower Jurassic, the results are again in excellent agreement with 
Pangaea A (Fig. 4). Tectonic explanations for the discrepancies 
of Fig. 4 that are globally compatible with all the available 
palaeomagnetic data are now presented. 

APW paths define the latitudes and azimuths but not the 
longitudes of continents. In order to obtain maps for post- 
Pangaea A time (200 Myr ago) the latitudes of the continents 
have been fixed palaeomagnetically, and their relative longi- 
tudes have, for the most part, been taken from plate tectonic re- 
constructions'’2° 22, Maps for times before 200 Myr ago have 
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been made by working backwards, interval by interval, from 
Pangaea A, maintaining consistency with the palaeomag- 
netically determined latitudes and azimuths, but restricting 
relative motions to a minimum and disallowing major overlap 
between continents. 


Description at maps 

- The suggested reassembly for the mid-late Devonian (375 Myr 
ago) is shown in Fig. 5a. In the north there is a more-or-less 
coherent supercontinent, Laurasia, consisting of the Laurentia, 
Baltic-Russian and Siberian cratons and their bordering Early 
Palaeozoic foldbelts. Several authors??? have argued that in 


the Devonian there was a wide ocean on the site of the Ural 
foldbelt. But, the palaeomagnetic poles from the Devonian 
of the Russian and Siberian platforms, are in reasonable 
agreement, and therefore it is assumed that there was no more 
than a narrow trough between them. The mean Devonian pole 


for the Russian platform is 32°N, 161°E, as, = 5° (5.120), for 
‘the Dneister region it is 39°N, 161°E, ag; = 7° (6.130), for the 


Ural region it is 38°N, 165E a; = 9° (5.177) and for the Siberian 
platform 24°N, 149E, aes = 8° (5.178). (The numbers in 
brackets refer to entries in ref. 1 where the bibliography and 
analytical details may be found.) Because of the longitude 
indeterminancy this solution is not a rigorous one, but only the 
simplest, which devolves from the constraint of minimum 


Fig. 2 APW relative to northern Eurasia since the Devonian. 
See legend Fig. 1. 
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Fig. 3 APW relative to Gondwana for the Late Palaeozoic and 
Early Mesozoic. @, Are the poles of Table 1 and have been 
obtained by statistical analysis; ©, for the interval 375 to 
325 Myr ago, are approximate poles, obtained by visual 
inspection of sparse data from Australia and South America 
only. This interpretation follows that given in refs 43, 45 and 46, 
and is speculative. Gondwana began to split in the Jurassic, 
and an average path cannot be obtained for later times. See 
legend Fig. 1. 


motion. If the Urals are the site of a collision between the two 
platforms it seems more likely that the major movement 
occurred in the early rather than the late Palaeozoic. This 
problem is not of direct interest in the present context and will 
be considered again later (Morel and Irving, in preparation). 
In the late Devonian assembly of Fig. 5a Spitzbergen adjoins 
Ellesmere Island and Greenland?*, and northern Alaska is 
rotated with respect to North America?®?5, There is at present 
no palaeomagnetic information from the northern two-thirds of 
Alaska that would shed light on this speculation, but there is 
indirect evidence. In the Mid-Cretaceous (100 Myr ago) the 
pole positions relative to Eurasia and North America make 
it is impossible to place them together without substantial 
overlap of their continental shelves (Figs 1 and 2). Alaska, or 
NE Siberia, or both have moved. Chukotsk”*, with or without 
the Kolyma block (Irving and Geuer, in preparation), may have 
been continuous with northern Alaska. It is possible that all 
three elements (northern Alaska, Chukotsk and Kolyma) 
moved together, their tectonic juncture with Asia being the 
huge fault systems of the Khrebet Cherskogo. Alternatively, 
Kolyma may have been welded on to Asia separately**, and this 
is accepted here. The possible position of NE Siberia relative to 
northern Alaska is indicated by H? in Fig. 5. A further feature 
of Fig. 5a to i is an indentation in the northern border of 
Laurasia. This is the Sinus Borealis, or proto-Arctic, which 
closed in the early Cretaceous (see below). To the south of 
Laurasia there may have been an ocean about 2,000-3,000 km 
wide (see legend to Fig. 5). The southern continents are assem- 
bled into a supercontinent, Gondwana”, 

In the zone of interaction between Laurasia and Gondwana, 
the positions of many crustal elements are uncertain. For 
example, Spain and central Europe may have been situated in 
position B or C (see ref. 30) of Fig. 5, and the USA south and 
east of the Appalachians could have occupied either positions 
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A or B. The best recent data?! favour position B for southern 
France. The data from Spain are indecisive. Nor is very much 
known about the positions of Iran, China*®? and southern Indo- 


China. This paper is concerned with the major continental 


blocks and no detailed consideration of these questions is 
given. 

At the Devonian—Carboniferous boundary, Laurasia and 
Gondwana are converging and they meet in the Mid-Car- 
boniferous. The relative longitudes of Fig. Sc were chosen so as 
to minimise their subsequent relative motion. Africa is opposite 
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Fig. 4 Latitude differences (AX) for reference localities from 

North America and Gondwana (above), and North America and 

Europe (below), for the later Palaeozoic and Early Mesozoic 

using the reconstruction of Pangaea B. See text for method of 

calculation. The errors at (P = 0.05) are given. The approximate 

durations of Pangaeas A and B are marked. T is the suggested 
time of opening of the western Tethys. 


Europe, and South America opposite North America. This is 
referred to as Pangaea B. A similar reconstruction for the 
Permian has recently been given independently by Westphal*, 
and the earliest record of it is in ref, 9 (Fig. 10, 17). There are, 
however, no palaeomagnetic constraints on longitude, so 
Gondwana could have been further east, or it could have been 
situated west of North America. These optional configura- 
tions'’!5 are considered less likely because the subsequent 
motions needed to achieve the known late Jurassic configura- 
tion (Fig. 57) would have been greater—a factor of two greater 
in the latter instance. In Gondwana the Samfrau®® super- 
foldbelt develops. It extends for 6,000 km from the Tasman 
foldbelt, through the Ellsworth and Cape foldbelts to the 
central Andes. By the end of the Carboniferous the fit between 
Laurasia and Gondwana tightens, and apparently remains 
unchanged in the early Permian, although small adjustments, 
undetectable palaeomagnetically, could be occurring (Fig. 
Sdtof). 
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At the Permian-Triassic boundary the palaeomagnetically 
determined latitudes now allow Gondwana to rotate 
anticlockwise, and the transformation from Pangaea B to A to 
begin. This is made possible by a northward movement of 
North America! along a zone (YM), located, it is suggested, 
between Ireland and Newfoundland, and passing north to the 
Sinus Borealis. By the late Triassic the rotation of Gondwana 





Table 1 Average poles for the major continental blocks 


T W NERIK , l AD Gos 
North American poles (°N, E) 
20 20 10(09.95)175 88,171 4 
30 20 10(09.89)82 86,452 $ 
40 20 07(06.9 1)64 85,167 g 
50 40 12¢11.76)45 78,173 6 
60 40 HI(1O,81)31 73,186 6 
70 40 §1(10.87)79 70,187 $ 
80 40 09(08.91)85 69,192 6 
90 40) 08(07.93)93 69,194 6 
100 40 05(04.99)458 69,190 4 
110 40 04(03.99)503 67,186 4 
120 40 05(04.92)52 68,179 10 
130 40) 06(05.89)44 67,169 10 
140 40 07(06.75)24 72,152 13 
150 40 08(07.77)31 72,147 10 
160 40 08(07.83)40 76,131 9 
170 40 07(06.87)45 76,114 9 
180 40 (79(08.80)41 72,106 13 
190 40 07(06.9 1)64 70,094 R 
200 40 07(06.96)134 64,093 § 
210 40 11(10.84)61 $9,100 6 
220 40 07(06.92)79 $5,103 7 
230 40 08(07.81)37 53,108 g 
240 40 99(08.84)50 49,114 7 
250 40 06(05 9482 43,120 7 
260 40 09(08.79)38 42,115 9 
270 40 10(09, 7840 43,117 8 
280 40 08(07.77)3 1 39.121 10 
290 40) 11€10.72)36 38,121 8 
300 40 10(09,90)90 38,126 5 
310 40 TOHOS.9 19S 37,124 5 
320 40 11(10.86)72 36,126 5 
330 40 07(06.93)85 36,129 7 
340 40 06(05 .93)73 33,126 8 
350 40 05(04,92)80 35,428 10 
Poles for northern Eurasia (°N, °E} 
20 3 $1(49,90)3 I $5,198 4 
30 30 30(29.87)26 81,190 5 
40 40 31(30.08)33 78,180 5 
50 40 29(28.25)37 76,174 4 
60 40 28(27.28)37 75,175 5 
70 40 24(23.37)40 78,170 5 
80 40 16(15,.58)27 71,166 6 
90 40 16(15.57)30 69, 164 6 
100 40 17(16.59)37 71,157 6 
110 40 15(14.75}37 70,159 5 
120 40 15(14.70)46 70,153 6 
130 40 13 14.48)27 74,166 7 
140 40 £2411.89)27 73,170 8 
150 40 13(12.49)24 76,162 9 
160 40 13(12.48)23 76,163 9 
170 40 12(11.65)31 71,146 § 
180 40 12¢41.55)25 65,139 9 
190 40 10(09.72)33 $4,140 9 
200 40 25(24.14)28 49,147 6 
210 40 41(39.91)37 49,149 4 
220 40 §1(49,56)35 48,153 3 
230 40 5048.6035 48,153 3 
240 40 43(42.11)47 47,157 3 
250 40 27(27.46)49 45,163 4 
260 40 17(16.79)77 43,165 4 
270 40 21(20.69)65 42,168 4 
280 40 16(15.65)43 40,166 6 
290 40 20(19.48)36 37,167 5 
300 40 20(19,33)29 36,166 6 
310 40 17(16.34)24 36,165 7 
320 40 2018.99) 19 36,162 8 
330 40 14€13.29)18 38,187 10 
340 40 14(13.20)16 35,158 10 
350 40 L2CTE.31)16 29,156 1ł 
375 40 08(07.93)95 30,155 6 
Poles from Gondwana (°S, °E) 
160 30 08(07,89)63 60,076 7 
170 30 12(41.80)53 63,076 6 
180 30 12(11.84)70 64,077 5 
190 30 09(08.86)57 67,074 7 
200 30 07(06.92)80 67,076 7 
210 30 10(09.84)56 68,072 6 
220 30 11(10.85}69 58,072 6 
230 40 AIL SON2S $6,072 6 
240 40 08(07.86)51 $1,077 8 
250 40 05(04.90)40 41,076 12 
260 40 05(04.96)98 36,068 8 
270 40 0)5(04,96}103 37,067 8 
280 40 06(05.96)118 38,068 6 
290 40 05(04.99)406 40, 065 4 





ee is geological time in Myr. IF is the width of the averaging interval in Myr. 

N is the number of values used, R the resultant and & the precision’, do are the 
latitude and longitude of the mean pole. ags is the 95% error. The data used are 
the starred entries in the Ottawa catalogues, and omitting results from deformed 
beds in foldbelts: for example, the selection far North America is essentially the 
same as that of ref. 50. Results from Speckled Sandstone of India?! are also omitted. 
A list of the data used may be obtained from the author, The values ie pone mane 
have been rotated relative to Africa using the reconstruction of ref. 
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relative to Laurasia stops, and the motion along XM reverses 
(Fig. 54). North America is now locked to Gondwana, and 
both rotated anticlockwise relative to Europe, opening the 
western Tethys and forming Pangaea A. Mexico is assumed to 


- move NW relative to North America**. During the trans- 


formation from Pangaea B to A it is as if Gondwana forces 
North America northwards out of its path, and then, carrying 
North America along with it, opens Tethys. The total relative 
motion along the Hercynian super-foldbelt is about 3,500 km. 


Movement is completed by the late Triassic, but its start is 


poorly determined. Some shear may have begun in the early 
Permian, and the time required may have been as long as 
75 Myr (average relative velocity 5 cm yr~!). The northward 
movement of North America relative to Europe is at least 
1,000 km, although the errors are such that the movement may 
be as much as 2,000 km (ref. 19). The succeeding southward 
movement of North America relative to Europe is of the same 
magnitude. The motion along XM is unlikely to be pure shear 
but also partly extensional, and one of the consequences might 
be the development of grabens, which, in the North Sea, 
contain oil. The formation of the early Triassic Siberian Traps, 
the dextral rotation of Novaya Zemlya, and the opening of the 
Kara Sea”, may also be caused by it. During the late Triassic, 
the Cordilleran super-foldbelt apparently develops as a con- 
tinent-ocean interaction, and extends over 10,000 km from 
New Zealand to Alaska. 

By the late Triassic or early Jurassic Wegener’s Pangaea 
(Pangaea A) is achieved (Fig. 5/7). By the mid-late Jurassic the 
North Atlantic begins to open, Mexico is able to achieve its 
present position, and a rift appears between eastern and 
western Gondwana. In the early Cretaceous, Sinus Borealis 
closes (Fig. 5k), and Spain begins to rotate anticlockwise. 
Rifting is initiated in the South Atlantic. In the Middle 
Cretaceous, Tethys is open to the Atlantic (Fig. 5/). The Kolyma 
Block, and surrounding Mesozoic foldbelts, could have been 
welded onto Eurasia*’:** at this time. The region around the 
north pole is entirely covered with continental crust. During the 
late Cretaceous the Labrador Sea (LS) opens (Fig. 5m), Africa 
moves eastward relative to Europe, and Tethys closes to the 
west. 

At the beginning of the Tertiary, NE Eurasia moves away 
from North America, allowing northern Alaska and parts of 
NE Siberia to rotate anticlockwise and open the Canada Basin 
(Fig. 5n); the Canada Basin could therefore be a back-arc 
basin formed by the migration of a thin sliver of continental 
crust over the NW Pacific subduction zone. India moves 
northward, and the Alpine~Himalayan super-foldbelt forms. 
By the mid-Tertiary, Alaska completes its rotation (Fig. 5o), 
the Atlantic rift system is fully developed, and the Alpine- 
Himalayan super-foldbelt is established in its present form. 


Discussion 


The maps are presented as an explanation of the palaeo- 
magnetic record. They have been constructed by adhering to 
the AGD assumption, within the statistical errors, that are 
within the limits for non-dipolar fields as they are presently 
known®. The maps indicate that Wegener’s Pangaea lasted only 
a few tens of Myr, and that in the Permian and Mesozoic major 
continental blocks of North America, Eurasia and Gondwana 
were in more-or-less continuous motion relative to one another. 
Other workers, however, have taken a less mobilistic view, and 
their maps differ in two important respects. Firstly their maps*® 
show the Arctic to be a static region throughout the Mesozoic, 
the bordering continents of North America and Eurasia being 
fixed relative to one another, But geologically the Arctic is far 
from static. There are foldbelts, rifts, subsiding basins and 
thick igneous sequences, that in other contexts would be taken 
as evidence of plate motions. Secondly, in most contemporary 
maps Wegener’s Pangaea is regarded as inviolate in the Pérmian 
and Triassic, and the palaeomagnetic discrepancies of Fig. 4 are 
attributed to the presence of large non-dipole components in the 
geomagnetic field**:*°-"*, so that the palaeomagnetic pole 
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Fig. 5 Continental drift since the Devonian. The latitudes of the major continents have been fixed by placing the palaeomagnetic poles 
(within their 95%, error circles) at the poles of the projection using Geuer’s Terrascope*’. This rule is relaxed for g and / because it is not 
yet possible to provide satisfactory maps for the B to A transformation; the necessary details are unlikely to be revealed until a shorter 
averaging interval can be used, perhaps 20 Myr. A, Band C signify possible positions for micro-continents between Laurasia and Gondwana 
(see text); AP possible zone of subduction during closure of Sinus Borealis SB; H? possible position of the Chukotsk peninsula relative to 
Alaska; KB Kolyma Block; LS Labrador Sea; ¥M suggested location of Triassic shear zone between Europe and North America. The 
question-marks in Africa in a, b and ¢ draw attention to the possible error in latitude determinations for Gondwana for the Devonian and 
Early Carboniferous, that arises from the uncertainty in the Devonian and Early Carboniferous pole path for Gondwana (Fig. 3). The 
width, indeed the existence of the ‘Hercynian Ocean’, is uncertain. This figure is an attempt to map the movements of the major continent 
blocks relative to one another and to the pole. No attempt is made to map the positions of minor blocks, and the boundaries of some of 
the major blocks (for example, North-East Gondwana, and South-East Asia) are highly speculative. 
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determinations, even when derived by averaging results from 
many rock units distributed over a large continental block, 
would be in error by as much as 20°. There is, however, excellent 
agreement between the palacomagnetically determined latitudes 
and plate tectonic reconstructions for the Lower Jurassic 
onwards (Fig. 5i to o), so that if such large non-dipole com- 
ponents were present, they seem to have disappeared at the 
beginning of the Jurassic. There is no other evidence for such a 
change. Although the hypotheses of an inviolate Pangaea and 
large non-dipole fields in the late Palaeozoic and Mesozoic are 
still tenable, it is argued here that the alternative tectonic 
explanations of Fig. 5 are more reasonable; it would be a 
coincidence if the non-dipole fields were of exactly the form to 
produce the apparent latitude differences between North 
America and Eurasia at just the right time to allow the trans- 
formation from Pangaea B to A to occur, followed by the 
creation of Tethys when required by the geological evidence. 

The concept of a mobile Pangaea provides a framework 
within which to discuss geological events. The Hercynian— 
Appalachian super-foldbelt could have developed as a result of 
the collision of Laurasia and Gondwana*, It is cut by large 
right-lateral wrench faults?™*® and it has been suggested?” that 
they were caused by the relative right-lateral displacement of 
Laurasia with respect to Gondwana; the displacement is 
estimated to be 600-1,000 km, and to have occurred between 
290 and 250 Myr ago. It post-dates the main Hercynian 
Orogeny. The sense of displacement is the same, but it is three 
times less, and apparently began about 40 Myr earlier, than 
that of Fig. 5. Therefore there could be two diastophic phases, 
the smaller earlier displacement of ref. 37 being followed by the 
larger displacement described here. The two phases could have 
overlapped in time. The earlier displacements at first met much 
resistance, and hence were slow and small, and were responsible 
for most of the observable geological strains. Once a zone of 
weakness was established, rapid displacements occurred, 
accompanied by less stress, and fewer observable geological 
effects. The location of the zone of weakness is not known, but 
it may have been between Spain and Morocco, and the Brevard 
Zone of the southern Appalachians is also a possible site. 
Alternatively, the dating of either the palaeomagnetic results, 
or the movements along the wrench faults, may be in error. 
Such large systematic errors are possible, but unlikely. Although 
the maps of Fig. 5 provide the framework for the discussion of 
the western part of the Hercynian super-foldbelt between 
Laurasia and Gondwana, they do not do so for the eastern part 
situated in central and eastern Asia. It is perhaps worthy of note 
that palaecomagnetic results from Malaya** and China! indicate 
that these blocks were in latitudes of 10 to 20°N during the 
Permian, and therefore they could have been situated in the 
eastern embayment between Africa and Asia (Fig. 5e). They 
could have formed part of one or more blocks that interacted 
with the southern edge of the Siberian craton to form the eastern 
part of the Hercynian super-foldbelt. 

Pangaea B existed from the middle of the Carboniferous to 
the end of the Palaeozoic, about 80 or 90 Myr. It presumably 
indicates a special type of mantle convection at that time. 
It corresponds in time to the late Palaeozoic reversed interval 
(the Kiaman of ref. 39) when changes in the polarity of the 
geomagnetic field were very infrequent. The significance of this 
correlation can only be guessed. The onset of the B to A 
transformation coincides, within the accuracy of the age 
estimates, with the onset of frequent reversals at the end of the 
Permian. This first-order change in the geomagnetic field was 
probably a response to topographic or temperature changes at 
the core-mantle interface, and hence to changes in the lower 
mantle??“3, The B to A transformation differs from other 
known Phanerozoic drift episodes in that it does not seem to 
involve the creation of spreading ridges and new oceans 
between the major continental blocks. The absence of known 
spreading ridges is a possible cause of the worldwide regression 
at the end of the Permian. Exposure of the continental shelves, 
which house a high proportion of biological activity, could have 
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been the major environmental change responsible for the 
widespread extinctions at the end of the Palaeozoict!. The 
changes that occurred in mantle convection at the end of the 
Palaeozoic could have been responsible for both the sudden 
increase in reversal frequency, and the B to A transformation, 
and the latter, in its turn, caused the late Permian extinctions. 
The identification, made here, of a first-order episode of 
continental drift, that commenced at the very end of the 
Palaeozoic or earliest Triassic, may therefore be the major 
cause of the geological break between the Palaeozoic and 
Mesozoic. This drift episode, whose main feature was a dextral 
shear between the northern and southern continents about the 
palaeoequator, may also reflect a major change in mantle 
convection which produced what is perhaps the most important 
change in the geomagnetic field yet recorded. 

Finally, the geological evidence indicates that during the late 
Palaeozoic there was apparently no ocean between Europe and 
Gondwana?*®, and Tethys did not open until the early Mesozoic 
Fig. 5 g and h agree well with this evidence. 

I thank F Arthaud, R Black, F. Brun, J. Geuer, J. Hastie, 
P. Louis, M. Mattauer, P. Matte, D. F. Strong, J. Sweeney, 
P, Tapponier and K. Whitham, for their help. 

Note added in proof: Recent palaeomagnetic studies in the 
Brooks Range have shown the anticlockwise rotation of 
northern Alaska, thus confirming the indirect arguments 
given above. 
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Some of the properties of thermonuclear flashes that should 
occur in the surface layers of accreting neutron stars are 
investigated. Such flashes may account for many of the 
observed properties of X-ray burst sources. Helium seems to 
be the most promising type of nuclear fuel for producing 
flashes that result in X-ray bursts. 





THE history of the discovery of X-ray burst sources has been 
described by Grindlay', and their observed properties have been 
reviewed by Lewin? and Lewin and Joss*. These sources emit 
bursts of X-rays with risetimes of <1 s and decay time scales of 
~ 3-100 s. If they are at a mean distance of ~ 10 kpc, as suggested 
by their apparent concentration towards the direction of the 
galactic centre, then the X-ray energy emitted in each burst is 
typically ~ 10°°—-10*° erg. The maximum luminosity during the 
course of a burst is roughly equal to the Eddington limit fora 1Mo 
object (~ 1078 erg s~'). The recurrence intervals between bursts 
are generally in the range ~10*-10* s, except for the ‘rapid 
burster’ MXB1730— 335 (ref. 4) which has recurrence intervals of 
~10-100s. Many, if not all, burst sources undergo extended 
inactive states lasting for weeks or longer, during which no bursts 
are seen. At least eight burst sources also seem to be associated with 
relatively steady X-ray sources, to within positional accuracies of 
~ 0.1°. The ratio, a, of ‘steady’ X-ray luminosity to time-averaged 
burst luminosity is as large as ~ 250 for the associated sources, but 
an upper limit as small as « <2 has been placed on one burst source 
(MXB1730 — 335) with no identified steady counterpart. 

A theoretical model of X-ray burst sources must account for 
these observations. Some models that have been suggested invoke 
mechanisms involving massive black holes°’® or instabilities in the 
accretion on to a compact object of roughly solar mass’~'?. Here 
we discuss another type of model: the production of X-ray bursts 
by thermonuclear flashes in the freshly accreted matter near the 
surface of an accreting neutron star. 

This model was first proposed by Maraschi and Cavaliere’? and 
Woosley and Taam!'*. Even before the discovery of X-ray burst 
sources, the possibility of thermonuclear flashes on accreting 
neutron stars was considered by Hansen and Van Horn'>. The 
present pape: investigates further some of the physical processes 
relevant to such flashes in the context of the rapidly growing 
volume of observational information. This discussion is still highly 
preliminary, as realistic numerical calculations of such flashes have 
not yet been carried out; in particular, the characteristic timescale 
between flashes is unknown. We conclude that thermonuclear 
flashes may account for some, but not all, of the observed X-ray 
burst sources. Our discussion also considers why observational 
evidence has not yet been obtained for thermonuclear flashes in X- 
ray pulsars, whichare also very likely to be accreting neutron stars. 
A discussion of some of the same points, including the physics of 
nuclear fusion processes in accreting neutron stars and the 
energetics of thermonuclear flashes, has been presented inde- 
pendently by Lamb and Lamb’ *. 


The physical picture 

We consider a neutron star undergoing accretion of mass froma 
binary stellar companion. The infalling matter will be rich in 
hydrogen and/or helium. But, in the interior of the neutron star 
(density p 210’ gcm~? or depth A= R—r 210? cm (see ref. 15), 


where r is the distance from the centre of the neutron star and R is 
the neutron-star radius), nuclear reactions will proceed rapidly 
even at zero temperature and the nuclei will tend towards a state of 
nuciear statistical equilibrium. As the infalling matter accu- 
mulates, a given element of mass will pass through increasing 
density and must release the nuclear binding energy associated 
with the transmutation from its initial composition to a com- 
position of iron-peak elements. If the accreted matter is pure 
hydrogen, then the energy released will be ~8 x 10'* erg g *. 

If the neutron star is cold (internal temperature < 10’ K) and if 
the gravitational energy released by accretion is radiated away 
sufficiently rapidly, then the first reaction to proceed will be either 
pycnonuclear fusion or electron capture by protons at 
p10’ gem” 3, ultimately producing helium'’. At somewhat 
higher densities, fusion of helium into heavier elements will 
proceed. These processes may occur quasi-statically*®, especially if 
the temperature is very low! ’. If, however, either the accretion rate 
or the internal temperature of the neutron star is sufficiently high, 
then the fusion will be thermally unstable and should result in a 
thermonuclear flash; the thermonuclear runaway time scale for 
such a flash is usually <1 s(ref. 15). Ifthe energy released in a flash 
can be transmitted to the neutron-star surface sufficiently rapidly 
and then lost as electromagnetic radiation, an X-ray burst will 
result. 

We use here the models of Hansen and Van Horn’? for neutron 
stars that are undergoing spherically symmetric accretion and 
steady-state nuclear burning, to estimate the conditions in the 
surface layers just before a flash. The actual conditions in the 
surface layers will be somewhat different in the absence of steady- 
state burning, but more accurate estimates cannot be made until 
time-dependent calculations of neutron-star envelopes undergo- 
ing nuclear burning are carried out. 


Energetics 


Several useful constraints on thermonuclear-flash models can be 
derived from simple energetic considerations. 

The gravitational energy per unit mass liberated by the accreting 
matter is given by Ea =(GM/R) =n,c*, where M is the mass of the 
neutron star, and a ~0.2 is the ratio of released gravitational 
energy to rest-mass energy. (The value of fa may be as small as 
~107? or as large as ~0.4, depending upon the mass of the 
neutron star and the equation of state of matter at high densities.) 
This energy will be radiated away from the neutron-star surtace 
with a time-averaged luminosity 


aes ee a7 Ha m oe 
L, ME, x2x 10 (o) ergs i d ) 


where m is the time-averaged mass accretion rate. In the case of the 
neutron stars that are the X-ray emitting components of binary X- 
ray pulsar systems, this luminosity is evidently emitted mostly as X 
radiation. 

~ Nuclear fusion will also contribute to the total luminosity of an 
accreting neutron star’®. The energy per unit mass released by 
nuclear fusion can be written as En =,c?, where na is the energy 
efficiency of the reaction; fa =7 x107? for conventional stellar 
fusion of pure hydrogen (PP chains or CNO cycle), yxx1 x 1073 
for helium-burning, and 4, <1 x 10~* for the burning of heavier 
elements. As discussed below, full hydrogen-burning will not 
occur in a neutron-star thermonuclear flash, and we therefore 
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expect that in general 9, < | x 1073. If X-ray bursts are caused by 
thermonuclear flashes in the accreted matter, then the ratio of the 
time-averaged accretion luminosity to the time-averaged lum- 
inosity in bursts 1s given by 


-1 
Aflah X 2X o as) fe (2) 


where nn is the efficiency factor appropriate to the nuclear reactions 

that participate in the flash, fis the fraction of the nuclear fuel that 
is consumed in flashes (rather than during the interflash periods), 
and ¢ is the fraction of the flash energy that is transmitted to the 
neutron-star surface (rather than lost to the interior). The values of 
Jand ¢ are unknown, but we shall make the reasonable assumption 
that both quantities are of order unity. Thus, if the accretion on to 
the neutron star is steady on a timescale of hours or longer, then we 
expect that the time-averaged ‘steady’ X-ray flux from the neutron 
star will exceed the time-averaged burst flux by at least a factor of 
~ 10°. 

It is also necessary that the accreted mass be sufficiently large to 
supply the thermonuclear energy of the flash. If a steady state has 
been established between the accretion of nuclear fuel by the 
neutron star and its consumption in flashes, then this constraint 
can be expressed as 


n m T A 
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‘where eg is the average total energy emitted in each burst and ris the 
average time interval between bursts. (Only a fraction of the 
envelope above the burning shell need be consumed in a given 
flash, so that the total mass ôm of the overlying surface layers may 
exceed mt by a substantial factor.) If rt is actually much less than 
10°! g, then the flashes will be weak and will not produce 
observable X-ray bursts. The nuclear energy generation rate 
required to supply the flash energy £g/č is given by 


Eg ôm \ IS te V L ao 
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(4) 
where Ty i$ the timescale of duration of the burst emission. 
The energy of the flash is thermalised as it is transmitted to the 
neutron-star photosphere (see below), so that the characteristic 
photon energy of the burst will be 


e, = 4k(é,/4n0 R? tp) 4 
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The indicated values of eg and e, for the chosen plausible parameter 
values are consistent with the observed properties of X-ray burst 
sources. 


Nuclear reactions 
We first consider hydrogen-burning as a possible source of nuclear 
energy. The density at the base of a steadily burning hydrogen-rich 
layer will be in the range 10* < pp < 10° g cm~ 3 (ref. 15). (We shall 
use ppand T» to denote the density and temperature at the base ofa 
layer of any specified nuclear fuel.) It seems probable that pa will 
not lie very far outside this range even if the burning is unsteady. 
For the PP chains, the reaction rate is too slow at any 
temperature to release the energy in a time <10 s, as would be 
required to account for the short timescales of the observed bursts. 
The CNO cycle is unable to operate fully, because the 8 decays of 
the intermediate nuclei (1N, '°O, and '’F) require timescales of 
~ 107-10? s. There are no known f-unstable excited states of any 
of these nuclei that could be thermally populated and thereby 
appreciably shorten the f-decay timescales, nor will the timescales 
be effectively reduced, at the expected densities, by captures of 
continuum electrons. Some of the -unstable nuclei will undergo 
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additional proton captures during the flash, provided that the 
temperatures attained are sufficiently high (210° K). The re- 
sultant reaction chains for initial '*C, '*N, and '°O nuclei are as 
follows: 


ne (p, ») 13N (p. y) 140 
SN (p.7) O 
60 (py) '7F (p,y) "Ne (B* ve) '*F (pa) 1O 


(E = 3.3 MeV), 

(E =7.3 MeV), 

(Ex 3.5 MeV), 
(6) 


where E is the average energy liberated per proton capture 
(excluding the average neutrino loss, if any). The B-decay half life 
of '*Neis 1.5 s, so that this nucleus can decay sufficiently rapidly to 
continue through the reaction chain on a timescale less than ts. Of 
course, '*C, 15N and other heavier nuclei will participate in similar 
reaction chains, but their initial abundances are likely to be lower 
than those of '7C, '*N, and '°O. (The daughter nuclei of }*O and 
15O may be important if the same layer of matter participates in 
more than one flash, but this consideration does not substantially 
alter the expected values of nn.) 

An average of ~2 protons will be consumed for each CNO 
nucleus, and the amount of energy liberated per CNO nucleus will 
be ~8 MeV. Hence, if the duration of flash-burning is no greater 
than the observed duration of an X-ray burst, then the energy 
efficiency of the protonisation of CNO nuclei will be yn ~9 x 107? 
Neno, Where Neno is the fractional abundance by number of CNO 
nuclei in the unburned matter. (We assume that Neno < 0.3.) This 
value of y, will be increased slightly by proton captures on to other 
heavy nuclei and will also be increased by a-captures, which should 
occur at the high temperatures attained in the flash. The value of 7, 
will thus depend on the temperatures achieved during the flash, as 
well as on whether the same layer of accreted matter participates in 
more than one flash. If the CNO abundance is near the cosmic 
value of Nceno~ 107°, however, then the energy efficiency of a 
hydrogen-burning flash should generally be quite low. 

If, instead, the flash is caused by the fusion of helium or heavier 
elements, then the reaction rates will not be retarded by the effect of 
weak interactions and the reactions can proceed very swiftly 
(<1s) when sufficiently high temperatures are. achieved. (The 
relevant nuclear reaction rates are not greatly affected by re- 
lativistic effects, electron degeneracy effects, or electron screening, 
so that conventional reaction-rate formulae may be used.) The 
energy efficiency of helium-burning is no lower than that of 
hydrogen-burning, unless the CNO abundance in a hydrogen- 
burning flash is extremely high (Ncno 20.1). 

The value of y, in a flash of helium or heavier elements may be 
increased by convective mixture. For example, such mixing could 
draw hydrogen into a helium-burning shell and result in proton- 
captures on to the heavier nuclei that are being synthesised. 

Neutrino loss rates will be highest if the flash occurs in helium. 
The models of ref. 1S suggest that pp 2 10° g cm~ 7 at the base of the 
helium-rich layer: the released energy would be sufficient to raise 
the temperature to Ta~2 x 10° K for p,»~10° g cm”? (where a 
substantial fraction of the internal energy would be taken up by 
blackbody radiation) and to 7,~10'° K for py>10’ gem? 
(where the radiation energy density would be negligible). The 
neutrino loss rates (ref. 19; ref. 20 and references therein) are as 
highas ~10'8ergeg~'s~'atp,~ 10’ gcm~ and 7,~ 10'° K, but 
decrease rapidly with decreasing temperature and also decrease 
with increasing density. The effective helium-burning flash energy 
and the value of 7, may thus be slightly reduced in a narrow range 


.of densities near pp = 107 g cm, but will be unaffected at other 


densities. At the higher densities anticipated for a flash of heavier 
elements (p»210°gcm~* and 7,~10'° K; see ref. 14), the 
neutrino loss rates are negligible. They will also be negligible in a 
hydrogen-burning flash, since 7, will then be no greater than 
~ 10° K unless Neno is extremely large (20.1). = 


Heat transport 


If a thermonuclear flash is to produce an observable X-ray burst, 
then the surface layers of the neutron star must be sufficiently thick 
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to provide the nuclear energy of the burst. One must, therefore, 
also consider whether the timescale for transport of the energy of 
the flash to the neutron-star surface will be <1 s, as required to 
account for the observed rapid risetimes of the X-ray bursts. 

Conduction of heat by electrons is probably unimportant even if 
the electron degeneracy of the surface layers is high before the 
flash, because the degeneracy will generally be lifted and the 
conductivity will become small in each layer of matter before most 
of the heating of the layer by the flash has occurred. Convection 
should be important in the development of the flash, and an 
estimate based on the mixing-length theory indicates that the 
timescale for the initial transport of heat through the convectively 
unstable region will not greatly exceed the sound travel time 
(<1 s). In many possible circumstances, however, convection will 
not transport the energy of the flash all the way to the neutron-star 
photosphere. We demonstrate the validity of this statement as 
follows. 


Consider first a hydrogen-burning flash. If all of the energy is 
released rapidly (in a time <1 s), and the CNO abundance is 
enhanced (say, Neno ~2 x 1077), then ~4 MeV is released for 
each proton consumed, and a maximum temperature of 
T,y~ 10° K may be achieved at the base of the burning shell. This 
result is self-consistent, since the proton-capture reactions will, in 
fact, proceed very rapidly at 7,~ 10? K. Some burning of helium 
and heavier elements should also occur, but the temperature will 
not be increased greatly over this value. At this temperature, 
electron degeneracy will be lifted and the flashed matter will 
behave as a mixture of a nearly ideal gas plus black body radiation. 
We distinguish between two cases. (1) If pa > 10* g cm~ 3, then the 
internal energy of the gas dominates that of the radiation and 


ja gas pressure 

= total pressure ~ 

Hence, as a convective element rises and cools nearly adiabatically, 
its temperature, Teony, Will depend on its density, Peony, as 


273 
T conv XH Peony” (7) 


(2) If, instead, ps < 10° g cm}, then the radiation energy density 
becomes significant, so that 8B < 0.3, 7, is somewhat reduced, and 


Tega Pasig (8) 


For the greater energy per unit mass that might be released in a 
flash of helium or heavier elements, degeneracy is again generally 
lifted; for pp > 10° gcm~ >, one obtains f 20.9 and T,~ 10'° K, 
while for pp»<10’gcm~?, one obtains B<0.3 and somewhat 
smaller values of Tp. 

In all cases where $ 2 0.9, relation (7) implies that the lemper 
ture ofa convective element will have fallen to Tp < 10° K due to its 
expansion by the time it has reached the photosphere: This may 
well be less than the ambient photospheric temperature 7,, in 
which case the buoyancy of a convective element will vanish at a 
deeper level of the surrace layers and no convective heat flux will 
reach the photosphere. Even if 7, is in excess of Te, itis smaller bya 
factor of 210 than the photospheric temperature required to 
produce the X-radiation of a burst (see equation (5)). On the other 
hand, if 6 <0.3, then relation (8) implies that 7,2 10’ K, so that 
convection can transport heat to the photosphere with adequate 
efficiency to produce an X-ray burst. But, for a flash of elements 
heavier than helium, f should always be close to unity and 
convection should, therefore, never be able to transport heat all the 
way to the photosphere (compare ref. 14). 

The remaining heat transport mechanism of significance is 
radiative diffusion. From the equation of radiative transfer in local 
thermddynamic equilibrium, we find that under the conditions ofa 
flash the radiative luminosity, Lrag, exceeds the Eddington limit 
Le. This implies that the heat transport will be dominated by 
convection up to a level where the temperature gradient is 
sufficiently small to allow Laa = (1 — B) Ler: (ref. 21). If BS0.3 at 
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the burning shell and convection therefore penetrates to the 
photosphere, the radiative luminosity escaping from the photo- 
sphere should still be ~ Lern. For the outer portion of the surface 
layers, we may thus take 


Lead ~ (l — B) Levin 
-1 
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where Bis the typical value of f and «is the typical radiative opacity 
in the outer surface layers (expressed in units of the Thomson 
scattering opacity for pure hydrogen). 

Let p, be the density at the base of the radiative layer when the 
convective motions first penetrate to that layer. Using equation (7) 
and the equations of hydrostatic equilibrium and radiative 
transfer, and assuming that Laa and x vary slowly through the 
outer surface layers before the flash, we can estimate p, for cases 
where $ = 0.9 at the burning shell: 


p, ~ 1x 1054 — Po ( a) : T i gem”? 
j 10% gem™?/ UOP KJ UOK 


(10) 


Here, 7, is the temperature before the flash at the level where 

= 107 gcm~°. The indicated values of pẹ and 7, are plausible 
for a helium-burning flash'°, and we expect that T, ~ 10’ Kina 
neutron star undergoing a moderate rate of accretion. Using 
equation (10) and the equation of hydrostatic equilibrium, we 
further find that the timescale for the initial diffusion of radiation 
from the base of the radiative layer to the photosphere is 


jn 
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Here h is the depth of the initially radiative layer and u, is the 


typical mean molecular weight in the layer. 

These estimates of Lrag and t, are crude, but they indicate that 
convection and/or radiative diffusion should transport sufficient 
heat from a helium-burning flash to the neutron-star photosphere 
to produce an X-ray burst and that the initial risetime of the burst 
should be sufficiently short to agree with the observations. From 
equation (3), we also find that the indicated value of Leaa is just 
sufficient to give a timescale for burst emission of 
Te ~ EB/Lraa ~ 108. The luminosity and diffusion timescale for a 
hydrogen-burning flash are also capable of accounting for the 
properties of an X-ray burst, but eg and tg will be too small and 
Grasn Will be too large unless the CNO abundance is considerably 
enhanced over its cosmic value. A thermonuclear flash of carbon 
or heavier elements at pp 2 10° gcm~?, Te ~ 10'° K, and depth 
hy ~ 10* cm (ref. 14) can reproduce the emitted energies of X-ray 
bursts, but may not be able to produce sufficiently short burst 
risetimes. 

Convection will carry fresh fuel into the burning shell to feed the 
flash. The total amount of available fuel may therefore exceed the 
mass of the initial burning shell by a large factor. On the other 
hand, the burning will tend to be terminated by the expansion and 
cooling of the surface layers following the initial flash. In the 
absence of detailed numerical calculations, one cannot determine 
what the duration of the flash will be. It is plausible, however. that 
the expansion of the surface layers and subsequent termination of 
the flash will occur on a thermal timescale for the surface layers: 


~ 101 — T h T, | om Le oe 
B F. 101° K 102! g 1038 ergs” ft jl, s 


(12) 
where f,, T., and u, are the typical values of $, temperature, and 
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mean molecular weight in the surface layers following the flash. 
(Note that tı, must be comparable to tp, since the internal energy of 
the surface layers is dominated by the energy released in the flash.) 
Ifallofthe available nuclear fuel is consumed ina time less than Tin, 
then the flash will instead terminate on a nuclear-exhaustion 
timescale: 


T io( Ny ) Om y 3 F J ik 
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where Laue is the integrated nuclear energy generation rate 
throughout the surface layers; one expects Laus > Lrag during the 
flash. Either (or both) of these timescales can be comparable to or 
shorter than 10 s, as desired ifthermonuclear flashes are to account 
for the observed bursts. 

The emergent radiation will be effectively thermalised. 
A ~ 10 MeV photon produced in a (p,y) reaction, for example, 
will be thermalised to ~10KeV after ~ 10° scattering events. 
Hence. most photons generated at an optical depth greater than 
~ 10 will be thermalised by the time they reach the photosphere. 
The presence of convection should not inhibit the thermalisation ; 
from the mixing-length theory, we estimate that a photon 
produced in the burning shell will generally undergo many 
scattering events before reaching the photosphere. Moreover, even 
if thermonuclear fusion spreads through most of the surface layers 
during the progress of the flash. a significant amount of fusion 
should not reach an optical depth as smallas ~ 10. The transport of 
radiation through the accreting matter, however, may complicate 
the emergent spectrum, as seems to be the case for the binary X-ray 
pulsars (see ref. 22 and references therein). 


Conclusions 

The surface layers of accreting neutron stars should undergo 
thermonuclear flashes that will produce unsteady radiation, and 
this radiation may have properties similar to those of the observed 
X-ray burst sources. Helium-burning flashes are the most promis- 
ing type for producing X-ray bursts, because of the relatively high 
energy yield and because the timescale for the released heat to 
reach the neutron-star photosphere is shorter than for flashes that 
result from the burning of carbon and other heavier elements. 
Enhanced CNO abundances (Neno 2 10°7) are needed if 
hydrogen-burning flashes are to be sufficiently energetic. 

The burning of heavier elements within an accreting neutron 
star is likely to be thermally unstable under a wide range of 
conditions'*. The effects of such instabilities could be more 
difficult to observe than the X-ray bursts detected, since the 
radiation may well be emitted at characteristic photon energies 
considerably less than 10 KeV and on timescales considerably 
longer than 10s. 

For thermonuclear flashes under nearly all possible circum- 
stances, the value of ayjasn Will be > 10; the most plausible values of 
Arash äre > 107. (The smallest values of gash will be attained for 
low-mass neutron stars, with small values of na, or for hydrogen- 
burning flashes involving highly enhanced CNO abundances, with 
large values of yn.) Hence, a thermonuclear-flash model cannot 
account for MXBI730— 335 (gx < 2) unless one inserts an ad- 
ditional ad hoc complication into the model, such as highly 
anisotropic beaming of the steady emission so that it largely misses 
the Earth. But, the empirical difference between the behaviour of 
MX B1730 — 335 and other burst sources (refs 2, 3 and references 
therein) suggests that the fundamental nature of this source may be 
unique. The burst source MXB1659 — 29, which has recently been 
found to have z < 25 (W. Lewin, J. Hoffman, and J. Doty, 
unpublished SAS-3 data), may also pose a serious problem for 
thermonuclear-flash models. | 

Another difficulty with thermonuclear-flash models is their 
prediction of simple blackbody spectra for X-ray bursts, in 
contrast to the rather complex changes in spectrum that are 
displayed during the progress of some observed bursts’*. To 
account for such behaviour, it is necessary to invoke time- 
dependent reprocessing of the burst radiation by matter above the 


burs | 
`: On the other hand, thermonuclear-flash models may provide a 
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Alfvén surface of the neutron star. H is worth noting, however, 
that the time-averaged burst spectra more closely resemble a 
blackbody than a thin-bremsstrahlung or power-law spectrum? 
Moreover, the instantaneous spectra of at least three burst 


sources seem to be well-represented by a blackbody with an 


effective radius of ~10km throughout the course of each 
23-25 
CoS. 


natural explanation for the quasi-periodic character of the re- 
currence intervals that have been. observed in several burst 
sources*"*. If the accretion rate on to the neutron star is nearly 
constant on a timescale of days and each burst consumes about 
the same amount of fuel, then a nearly constant interval between 
bursts may result (since a specific envelope mass may be needed to 
precipitate a flash). The observed variations in the recurrence 
intervals on timescales of several days to weeks could result from 
variations in the accretion rate on such timescales, while the 
cessation of bursting in many sources for periods of months or 
longer may be caused by either (1) a sharp reduction in the 
accretion rate or (2) an increase in the accretion rate that changes 
the properties of the neutron-star surface layers so as to alter the 
character of the nuclear fusion processes. 

It is somewhat puzzling that all accreting neutron stars do not 
display some evidence of thermonuclear flashes. There are 12 
known X-ray pulsars, which are widely believed to be accreting 
neutron stars (see ref. 22 and references therein) but which have 
not been observed to burst. It is possible that the X-ray burst 
sources are intrinsically very similar to the X-ray pulsars, but with 
lower accretion rates or other differences in system parameters’ °. 
But, in all cases investigated by Hansen and Van Horn'®, the 
nuclear burning shells were either thermally unstable or at most 
marginally stable. These models do show a slight trend toward 
greater stability of nuclear burning as the mass accretion rate 
increases, but instability was found even at accretion rates 
corresponding to steady X-ray luminosities of as much as ~ 10* 
Lo. A better understanding of these problems must await a 
detailed time-dependent numerical treatment of nuclear fusion 
processes in neutron-star surface layers. 

As noted above, it is possible that more than one mechanism is 
responsible for the observed burst sources. In order to distinguish 
between models invoking massive black holes':*** and those 
which involve moderate-mass compact objects ’~!* that may be in 
binary systems, observations of X-ray pulsing, X-ray eclipses, or 
optical companion stars which exhibit binary characteristics 
(ellipsoidal light variations or orbital velocity curves) could prove 
decisive. 

It is equally important and, in principle, more straightforward 
to distinguish between thermonuclear-flash models for burst 
sources and those models which involve instabilities in accretion 
on to a neutron star’~!!. This could be accomplished by determin- 
ing the distribution of values of x for a large statistical sample of 
sources. If the value of « for most sources were 2107, strong 
support for thermonuclear-flash models would be provided. If, on 
the other hand, there exists a relatively continuous distribution of 
values of « extending well below 10*, then one could reasonably 
conclude that nuclear flash-burning is not responsible for any of 
the burst sources. 
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The ovalbumin gene, is split in chicken DNA. Two 
interruptions in the sequences coding for ovalbumin mRNA 
have been detected, at least one of them lying in the protein 
coding sequence. The unexpected gene organisation is present 
both in oviduct cells highly specialised in ovalbumin synthesis 
and in erythrocytes. 





DNA SEQUENCES coding for the variable and constant regions of 
immunoglobulin molecules are widely separated in embryo cells 
but are much closer in differentiated lymphocytes’. This finding 
Suggests that gene rearrangement could be one of the mechanisms 
involved in cell differentiation. Chicken oviduct is particularly 
useful for the study of such a possibility, since administration of 
oestrogen to immature chicks results in cytodifferentiation of 
tubular gland cells, which comprise up to 90° of the cells in the 
magnum portion of laying hen oviduct and which synthesise the 
major egg white proteins including ovalbumin, ovomucoid. 
conalbumin and lysozyme (see refs 2, 3). In particular, ovalbumin 
accounts for 50-65% of total protein synthesis in tubular gland 
cells, and the rate of transcription of its mRNA (which represents 
40% of the total mRNA population) is under hormonal control?"4. 

As reported for integrated viral genes*, it is possible to 
construct a physical map of restriction endonuclease sites within 
and around a single-copy gene. Briefly, this involves cleavage of 
the DNA with various restriction endonucleases, fractionation of 
the fragments by electrophoresis, their transfer to nitrocellulose 
sheets”, hybridisation to a specific probe labelled in vitro by nick- 
translation’ to high specific activity and location of the gene 
fragments by autoradiography. In this study we have used the 
bacterial plasmid, pCR lov2.1, which contains about 80%, of the 
nucleotide sequences present in ovalbumin mRNA® as a hy- 
bridisation probe to investigate the possibility that the ovalbumin 
gene environment could be different in DNA prepared from 
laying hen oviduct or erythrocytes. Unexpectedly, we have found 
that the DNA sequences complementary to ovalbumin mRNA 
are split into several fragments in oviduct DNA, and that the 
same peculiar ovalbumin gene organisation is present in laying 
hen oviduct and erythrocyte DNA. 


Mapping chicken ovalbumin gene 
in oviduct and erythrocyte DNA 


The Hhal fragment A (termed Hhaov) of the ovalbumin clone 
PCR lov2.1 is about 2,400 base pairs long and contains a sequence 
of about 1,730 base pairs coding for ovalbumin mRNA®. After 
nick-franslation with *?P-labelled deoxyribonucleoside triphos- 
phates’, this fragment serves as a filter hybridisation probe to 
detect DNA fragments containing the ovalbumin gene in re- 
striction endonuclease digests of chicken DNA, using the blotting 
technique developed by Southern’. 





Fig. 1 Detection of ovalbumin gene sequences in chicken DNA 
cleaved with EcoRI or HindIII. DNA from the magnum portion of 
laying hen oviduct or from erythrocyte nuclei was purified as in refs 
10 and 11, respectively. DNA samples were digested to completion 
with the restriction enzymes EcoRI or HindIII (gifts of Dr J. 
Sümegi). To monitor the extent of digestion, phage À DNA was 
included in the incubations. Some digests were treated with pro- 
teinase K, phenol extracted, ethanol precipitated and redigested in 
the presence of fresh phage 4 DNA to ensure complete cleavage. 
Samples of the digested DNA (10 yg) were electrophoresed on 0.7% 
Agarose gels (17cm long, 4mm thick, lane width 8mm) at 
2 Vcm ', transferred to nitrocellulose filters (Schleicher and Schull 
BA85) by a modification of the method of Southern®, and fixed to 
the filter by baking in a vacuum at 80°C for 3h. Before hy- 
bridisation, filters were soaked at 68 °C in 5x SSC. 0.1 M sodium 
phosphate pH 7.0 containing 0.02%, each of Ficoll, bovine serum 
albumin and polyvinylpyrrolidone'*. Hybridisation to **P-labelled 
Hhaov fragment (0.1 xg, 0.5-2 x 10° c.p.m.) labelled by nick- 
translation‘? was carried out in the soaking solution for 16h at 
68 “C (ref. 5). The filters were washed first with the soaking solution 
containing 0.5%, SDS, then extensively with 1 x SSC, 0.1 M sodium 
phosphate pH 8.4, containing 0.5°, SDS. All washing was done at 
68 C. Autoradiography was for 7d at room temperature with a 
Kodirex film (Kodak). Hhaov fragment was purified from an Hhal 
digest of pCR! ov2.1 DNA by sedimentation in a 5-20%, sucrose 
gradient. Lane 1, Internal markers for molecular weight and 
hybridisation were prepared from pCRlov2.1 DNA by cleavage 
with various restriction nucleases. Only fragments containing oval- 
bumin gene sequences are revealed after hybridisation. The mol- 
ecular weight of the fragments was determined using adenovirus 2 
DNA cleaved by EcoRI or BamHI as standard'*, The enzymes 
generating the observed bands and the sizes of the fragments (in kilo 
base pairs) are: a, HindIII, 13.5; b, Smal, 8.3; c, HindIIl/Pstl, 6.5 
(contains the sequences present in PstA fragment (see Fig. 2)); d, 
Hindlll/Pstl, 2.6 (contains sequences present in PstB fragment (see 
Fig. 2)); e, Hhal, 2.4. Lanes 2-5, EcoRI digests of erythrocyte (lanes 
2, 3) or oviduct (lanes 4, 5) DNA. Samples in lanes 3 and 5 were 
digested twice (see above). The sizes of the fragments hybridising to 
Hhaov are (in kilo base pairs): a, 9.5; b, 2.35: c, 1.8: d. 1.3. Lanes 
6-9, HindIII digest of erythrocyte (lanes 6, 7) or oviduct (lanes 8, 9) 
DNA. Samples in lanes 7 and 9 were digested twice (see above), The 
sizes of the fragments hybridising to Hhiaov are (in kilo base pairs): 
a, 4.9; b, 3.2; ¢, 2.3, 
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Fig. 2 a, Physical map of restriction enzyme sites in the Hhaov fragment and orientation of the ovalbumin double-stranded cDNA insert (J.L.M., 
in preparation), Only the sites relevant to the present study are shown (for convenience, restriction endonuclease Hin/l is termed Hinf). The position 
of the restriction endonuclease sites on the Hhaov fragment is given from the 3’ end of the mRNA (excluding the poly (A) tail) assuming that the site 
Hinfl corresponds to that predicted from the known sequence of ovalbumin mRNA around position 180 from its 3” end'>. This assumption is 
supported by the demonstration that the Hin/B fragment hybridises to mRNA (J.L.M., in preparation). Since the cloned ovalbumin ds cDNA 
sequence is about 1,730 nucleotides long®, all restriction sites from Hinf] to Hinf4 inclusive are located in a DNA sequence complementary to 
ovalbumin mRNA. Location and sizes of all fragments that have been used as hybridisation probes are also shown, b, Physical map of relevant 
restriction endonuclease sites of in vitro synthesised ovalbumin ds cDNA as established by Monahan et al’. The position of the restriction enzyme 


sites is given from the 3’ end of the mRNA. The two maps are in very goo 


d agreement when taking into account that different electrophoresis gel 


systems and molecular weight markers were used in the two studies. 


High molecular weight DNA was prepared from chicken 
oviduct and erythrocytes, digested with the restriction enzymes 
EcoRI or Hindlll, electrophoresed on Agarose gels, denatured, 
and transferred to nitrocellulose filters®. After hybridisation with 
denatured 3*P-labelled Hhaov fragment and autoradiography, 
several bands were seen as shown in Fig. |, suggesting that 
sequences complementary to ovalbumin mRNA are present in 
different DNA fragments. The autoradiography band pattern was 
identical for oviduct and erythrocyte DNA (Fig. 1) and also for 5- 
d-old chick embryo DNA (not shown). This multiplicity of 
hybridisation bands was unexpected, since there 1s no EcoRI or 
Hindili restriction enzyme site in the cloned ovalbumin cDNA 
sequences (Fig. 2). Absence of such sites in in vitro synthesised 
ovalbumin double-stranded cDNA (ds CDNA) was also recently 
reported by Monahan ez al.?. The very good agreement between 
the restriction maps of the cloned and in vitro synthesised 
ds cDNAs (Fig. 2), together with our previous results", exclude the 
possibility that the multiplicity of the bands can be attributed to 
DNA sequence rearrangements which might have occurred during 
the cloning and/or amplification of the ds cDNA. The following 
results exclude the possibility that the multiple hybridisation bands 
could be related to incomplete restriction enzyme digestion of the 
chicken DNA or to nonspecific hybridisation: (1) there was no 
change in the pattern when the DNA was digested twice, while the 
phage DNA internal marker was digested each time tocompletion 
(Fig. 1); (2) the hybrid bands were present even in much more 
stringent washing conditions (0.1 SSC, 0.5% sodium dodecyisul- 
phate, 68 “C) and were as stable as the hybrids formed with the 
internal hybridisation markers (see legend to Fig. 1); (3) no 
hybridisation bands were observed when EcoRI DNA fragments of 
high molecular weight calf thymus DNA were used instead of 
EcoRI DNA fragments of high molecular weight calfthymus DNA 
were used instead of EcoRI fragments of chicken DNA (not 
shown); (4) the same bands were observed when the Hhaov probe 
was replaced bya probe from which plasmid sequences and GC tails 
adjacent to the ovalbumin sequences were removed by hy- 


bridisation with ovalbumin mRNA follwed by SI nuclease 
treatment, as described in the legend to Fig. 4. 


Hybridisation to probes complementary 
to defined parts of ovalbumin mRNA 


To investigate the significance of the multiple hybridisation bands 
we have prepared the **P-labelled fragments PstA, PstB and 
HinfA (see legend to Fig. 3). As illustrated in Fig. 2, the PstA 
probe contains most of the DNA sequences complementary to the 
first 1,420 nucleotides of the mRNA, starting from its 3’ end. The 
PstB probe contains DNA sequences complementary to the 5’ 
region of the mRNA from positions 1,420 to at least 1,630 from 
the 3’ end of the mRNA. The HinfA probe contains only 
sequences complementary to the central part of the mRNA (Fig. 
2). The hybridisation patterns of °*P-labelled PstA and PstB 
probes to EcoRI or Hindlll restriction fragments of oviduct 
DNA are shown in Fig. 3. The PstA probe hybridised with EcoRI 
fragments a, c and d, but not with fragment b (lane 3). The HinfA 
probe gave results very similar to those obtained with the PstA 
probe (not shown). On the other hand, the PstB probe hybridised 
strongly to the EcoRI fragment b, and only weakly to the EcoRI 
fragment a (lane 7). A similar pattern was found with HindIll 
fragments, since the HindIII fragment b did not hybridise with 
PstA (lane 4) or HinfA (not shown) probes, whereas it was 
responsible for the main band with the PstB probe (lane 8); this 
latter probe hybridised only weakly to HindIII fragment a. But, 
the Ps1B probe seemed to be contaminated with PstA sequences. 
Annealing of the Ps1B probe to the pCR 1ov2.1 fragments serving 
as internal markers showed indeed that it hybridised with both 
fragments c and d (Fig. 3, lane 5), which contain the PstA and the 
PstB DNA sequences respectively (J. L. Mandel, in preparation 
and legend to Fig. 1). On the other hand, the PstA probe 
hybridised only to the internal marker fragment c and not to the 
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Fig. 3 Detection of fragments containing sequences com- 
plementary to defined parts of ovalbumin mRNA in digests of 
chicken oviduct DNA with EcoRI, HindIII or Pstl. DNA samples 
were prepared as described in Fig. 1, except that SV40 DNA was 
used to monitor the digestions with Psrl (Biolabs). PstA and PstB 
probes were labelled by nick-translation of a Psrl digest of Hhaov. 
After electrophoresis on a 2%, Agarose gel, the labelled PsA and 
Ps1B fragments were extracted from the gel'®. Their specific activity 
was about | x 10° ¢.p.m. ug '. Autoradiography was carried out 
with ‘preflashed’ Kodak RP Royal X-Omat film and intensifying 
screen at —70 C for 7d. All other procedures were as described in 
Fig. |. Lanes 1-4, hybridisation to **P-PstA. Lanes 5-8. hy- 
bridisation to PstB; lanes | and 5, internal markers (see Fig. 1). 
Lanes 2 and 6, PstI digest of chicken DNA—-sizes of the fragments in 
kilo base pairs; a, 4.7; b. 2.2. Lanes 3 and 7: EcoRI digest of chicken 
DNA (see Fig. | for fragment sizes). Lanes 4 and 8, HindIII digest of 
chicken DNA (see Fig. | for fragment sizes). 


marker fragment d (Fig. 3, lane 1). This indicates that the PstA 
probe did not contain sequences complementary to PstB, and that 
the hybridisation of the Ps1B probe to the marker fragment c was 
due to a contamination of that probe. This contamination could 
be due to some degradation of the PstA fragment during 3*P- 
labelling, since the two probes were separated by gel elec- 
trophoresis after the nick translation reaction (see legend to Fig. 
3). In any case, assuming that the weak hybridisation of the Ps7B 
probe to the EcoRI and HindIII fragments ‘a` were due to such a 
contamination, our results with probes PstA and PstB suggested 
the possibility that, in the cellular DNA, some sequences com- 
plementary to the 5° moiety of the ovalbumin mRNA are 
physically separated from those complementary to the rest of the 
mRNA. 


Confirmation that the chicken 
ovalbumin gene is split 


DNA fragments from EcoRI/HindIIl, EcoRI/Pstl and 
Hindlll/Pstl double digests were hybridised to °*P-labelled 
probes complementary to different regions of the ovalbumin 
mRNA (Fig. 4). As expected, multiple hybridisation bands were 
revealed by autoradiography. Their pattern was identical for 


oviduct and erythrocyte DNA (data not shown). Irrespective of 


the combination of restriction endonucleases, there was always 
one DNA fragment which hybridised strongly to PstB, but not to 
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PstA or HinfA: band ‘b’ for the EcoR1/HindI11 digest (compare 
lanes 1, 4, 6, 8) and for the HindII1/Psrl digest (lane 3, hy- 
bridisation with PstA, PstB and HinfA probes are not shown), 
band ‘c` for the EcoRI/Pstl digest (compare lanes 2. 5. 7 and 9), 
From the hybridisation pattern with PstA and HinfA, it is clear 
that fragments ‘a’ of EcoRI/HindIIl and EcoRI/Pstl double 
digests contain most of the ovalbumin sequences located to the 
left of the PstI site (see the map in Fig. 2a). But, when the lengths 
of these ‘a’ fragments were compared. a striking anomaly became 
apparent. The EcoRI) HindIII fragment was shorter than the 
EcoRI) Pstl fragment by about 150 base pairs (2.600 and 2.750 base 
pairs, respectively). This shorter length cannot be attributed to a 
contaminating exonuclease activity in the HindIII enzyme, since all 
the restriction endonucleases used in this study were shown to be 
free of exonuclease activity even after prolonged incubations. Since 
the DNA fragment ofan EcoRI digest which hybridises strongly to 
PstA or Hinf A probes is 9,500 base pairs (Fig. 3, fragment ‘a’, lane 
3), it follows that the EcoRI/HindIll and EcoRI/Pstl fragment ‘a’ 
must share the same EcoRI terminus. There is therefore a HindIII 
site in the chromosomal EcoRI) Psrl fragment ‘a’ at 150 base pairs 
from the Psrl terminus. But, no HindIII site has been found in the 
cloned ovalbumin ds cDNA or in the in vitro synthesised ds cDNA 
(see above and Fig. 2). One has therefore to conclude that the Psrl 
site present at one terminus of the DNA fragment ‘a’ of an 
EcoRI, Pstl double digest is not identical to the Psrl site present in 
the cloned or in vitro synthesised ds cDNA (Fig. 2). The simplest 
explanation to account for these results is that the DNA sequences 
complementary to the probes PstA (or Hinf A)and PstB( Fig. 2)are 
physically separated, and that the DNA sequence coding for the 





Fig. 4 Detection of fragments containing sequences com- 
plementary to defined parts of ovalbumin mRNA in chicken DNA 
cleaved with a combination of restriction enzymes. Electrophoresis 
was on a l°, Agarose gel. **P-labelled fragments of Hhaov were 
prepared by the method described in Fig. 3. To obtain probes 
containing only sequences complementary to ovalbumin MRNA, 
labelled Hhaov, PstA and PstB were annealed to a 10-fold excess of 
ovalbumin mRNA at 50.5 C in 100 mM PIPES buffer, pH 7.9, 
containing 70°, formamide, 100 mM NaCl, 10 mM EDTA (after 
denaturation at 80 C in this buffer), DNA-DNA hybrids are not 
stable in these conditions' ’. Single-stranded plasmid sequences and 
GC tails were digested with SI nuclease (Miles). The RNA-DNA 
hybrid was precipitated with ethanol and then treated with RNase A 
in 10 mM Tris-HCI pH 8.0.1 mM EDTA at 50 C to generate single- 
stranded probes. All other methods were as described in Fig. 3. 
Filters were hybridised to single-stranded Hhaov (lanes 1-3), single- 
stranded PsA (lanes 4and 5), single-stranded PstB (lanes 6 and 7) or 
to HinfA (lanes 8 and 9). Lanes 1. 4, 6. 8, EcoRI HindIII double 
digest of chicken DNA—-sizes of the fragments are, in kilo base 
pairs: a, 2.6; b, 2.05; c, 1.8: d, 1.3. Lanes 2. 5. 7.9, EcoRI/Psil 
double digest of chicken DNA—sizes of the fragments are in kilo 
base pairs: a, 2.75; b, 2.15; e. 1.9: d. 1.65; e, 1.3. Lane 3, 
Hinditl/Pstl double digest of chicken DNA—sizes in kilo base 
pairs: a, 4.4; b, 3.1: c. 1.5: d, 1.3. Fragment b does not hybridise to 
PstA or HinfA, but represents the main band with the PsrB probe 
(not shown). 


Nature Vol. 270 


24 November 1977 














Fig. 5 Detection of ovalbumin gene sequences in chicken DNA 
cleaved with Hinfl and Hinfl plus Haelll restriction nucleases. 
Chicken DNA was digested with endonuclease Hin/l (gift of Dr D. 
Duck) or Haelll (Biolabs), with SV40 DNA as internal marker, and 
electrophoresed on a 1.5% Agarose gel. All other procedures were as 
described in Fig. 3. Autoradiography was for 3d. Filters were 
hybridised to either **P-Hhaov fragment, 10° c.p.m. pg | (lanes | 
and 2) or to *?P-Hin/A fragment 6 x 10’ c.p.m. ug (lanes 3-9). Lanes 
1, 3and 5, internal markers. Bands d and e are described in the legend 
to Fig. 1. Bands f and g correspond to the HinfA and HinfB 
fragments of Hhaov, 880 and 750 base pairs long, respectively (Fig. 
2). Lanes 2, 4 and 6, chicken DNA digested with Hinfl_—sizes of the 
fragments in base pairs: a, 1,300; b. 800. Lane 7, chicken DNA 
digested with Hinfl and Haelll—size of band a, 800 base pairs 
Lanes 8 and 9, internal markers; band e, see Fig. |, fragment h, 
obtained by double digestion of Hhaov with Haelll and Hin/l, 
corresponds to the 650 base pet fragment between the Hinf2 and 
Haet sites of the ds cDNA (see Fig. 2). 


3'moiety of the MRNA (complementary to PsA and Hin/A) is 
linked to a DNA sequence not coding for ovalbumin mRNA and 
containing a HindIII and a PstI site 150 base pairs apart. 

Further evidence supporting the existence of a split ovalbumin 
gene was provided by the results of digestion of chicken DNA 
with Hinfl endonuclease. As shown in Fig. 2, Hinfl cuts the 
double-stranded DNA sequence complementary to ovalbumin 
mRNA in four places. One centrally located fragment, Hin/A, is 
880 base pairs long. This fragment should be found in a Hinfl 
digest of chicken oviduct DNA, if the ovalbumin gene were not 
split in that region. Figure 5 shows the hybridisation pattern of 
the Hinfl oviduct DNA fragments to *?P-labelled Hhaov and 
HinfA probes. The Hhaov probe hybridised mainly to two DNA 
fragments, 800 and 1,300 base pairs (Fig. 5, lane 2), while HinfA 
hybridised only to the 800-base pair DNA fragment (Fig. 5, lanes 
4 and 6). The use of a Hinfl digest of the Hhaov fragment (Fig. 5, 
lanes 1, 3 and 5) as an internal marker for hybridisation and 
molecular weight determination demonstrates unambigously that 
the 80-base pair difference between the length of the HinfA 
fragment and that of its chromosomal DNA counterpart ts real. 
In addition, the 800-base pair chicken DNA Hin/] fragment 
which hybridises to the HinfA probe was not cut by Haelll 
restriction endonuclease as shown in Fig. 5, lane 7. where a 
Haelll/Hinfl double digest of chicken DNA was electrophoresed. 
The implication of these results is that there is an interruption in 
the chromosomal DNA sequence coding for ovalbumin MRNA 
between the Hinf2 and Haelll sites of the ds cDNA (see Fig. 2). 
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The ovalbumin gene is split in the coding region 
irrespective of the differentiated state of the cell 


The data presented above show that in the chicken genome the 
DNA sequences coding for ovalbumin mRNA are split between 
the Hinf2 and the Haelll sites present in the ds cDNA. If the 
genomic DNA sequences coding for the remaining 5S’ part of the 
ovalbumin mRNA were in one piece one would expect that the 
PstA probe would hybridise to the same EcoRI or Hindlll 
chicken DNA fragments which hybridise to the PstB probe, as 
these fragments would carry at least 320 bp also present in the 
PstA probe. As shown in Fig. 3, this was clearly not the case; the 
EcoRI and HindIII fragments *b’ which hybridised to the PstB 
probe did not hybridise to the PstA probe (Fig. 3). In consequence 
the genomic DNA sequences coding for ovalbumin mRNA must 
be split a second time near the Psl site of the ovalbumin ds cDNA 
(Fig. 2). The approximate location of the interruptions of the 
DNA sequences coding for ovalbumin mRNA are shown 
schematically in Fig. 6a, with respect to the restriction en- 
donuclease sites present in the cloned ovalbumin ds cDNA (Fig. 
2). Preliminary results suggest that the site of the first interruption 
lies close to the Haelll restriction site. In any case at least one of 
the interruptions is located in a region coding for the ovalbumin 
protein: 1,161 nucleotides are required to code for the 387 amino 
acids of hen ovalbumin'®, and it was recently shown that the first 
250 nucleotides from the 3’ end of the mRNA do not code for the 
protein’ *. 

The occurrence of two interruptions could account for the 
origin of three of the fragments hybridising to the ovalbumin 
probe in an EcoRI digest of chicken DNA. The existence of a 
fourth band (Fig. 1) might suggest the presence of a third 
interruption, 

Figure 6b and c show the map of the restriction endonuclease 
sites flanking regions I and III, which code for RNA sequences 
present in the 3’ and in the 5’ regions of the ovalbumin messenger, 
respectively. These maps were established from the lengths of the 
main fragments hybridising to the PstA and PstB probes (Figs 1, 3 
and 4). We do not yet know the orientation of transcription of the 
ovalbumin RNA sequences. Comparison of these maps indicates 
that the DNA sequences surrounding region III (Fig. 6c) cannot 
be included in the 12,000-base pair DNA fragment containing 
region | (Fig. 6). Depending on the orientation of transcription, 
region I is separated in the genome from region III by either at 
least 2,500 base pair or at least 7,500 base pair (see Fig. 6b). 

Our hybridisation studies do not reveal any DNA fragment 
which could be derived from an uninterrupted ‘intact’ ovalbumin 
gene. In addition we have no evidence for major variations in the 
structural organisation of the split gene. Since 80% of the laying 
hen oviduct cells are actively engaged in ovalbumin mRNA 
synthesis*’* and since there is evidence that ovalbumin genes are 
present at approximately one copy per haploid genome (see ref. 
3), we conclude that ovalbumin mRNA is transcribed from split 
genes. The oviduct DNA used in this study was isolated from total 
oviduct and it is therefore unlikely that loss of possible extrachro- 
mosomal elements carrying an ‘intact’ ovalbumin gene could have 
occurred. This peculiar arrangement of the genomic DNA coding 
for ovalbumin mRNA is apparently unrelated to the highly 
differentiated state of laying hen oviduct tubular cells. In all cases 
studied, the hybridisation patterns were identical for restriction 
digests of oviduct, erythrocyte or 5-d old embryo DNAs, indicat- 
ing that there is no major modification of the ovalbumin gene 
organisation and environment during the differentiation of cells 
highly specialised in ovalbumin synthesis. 


Conclusions 

It is not known how the different DNA regions of the split 
ovalbumin gene are organised in chicken DNA. There are two 
types of model that would be consistent with our results. In the 
first type of model, the insertion model, the different regions I, H 
and II (Fig. 6a) are all on the same DNA segment in the same 
order and orientation as in the in vitro synthesised ds cDNA, but 
they are separated by DNA sequences (insertions) that are not 
represented in mature MRNA. In the second type of model, the 
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Fig. 6 Organisation of the sequences coding for ovalbumin mRNA in cellular DNA. a, Interruptions in the genomic ovalbumin DNA sequences. 
The arrows indicate the approximate location of the two interruptions and define three different regions (I, H and III) coding for ovalbumin mRNA. 
b and ¢, Physical map of restriction endonuclease cleavage sites flanking regions I and HI, respectively. The dashed lines represent the DNA 
segments containing regions I or III. The sizes of the fragments used to establish these maps are (in kilo base pairs, see also Figs 1, 3 and 4) for region 
I: EcoRI, 9.5; Hindli, 4.9; Pstl, 4.7; EcoRI/ Hindili, 2.6: EcoRI/Psti, 2.75; Hindlll/Pstl, 4.4; for region H1: EcoRI, 2.35: Hindi, 3.2; Pst, 4.7: 
EcoRI/ Hindit, 2.05; EcoR1/Pstl, 1.9: Hind Pst, 3.1. In each case the map was constructed using the first five values. From these maps one can 


F 


predict sizes for the HindIT1/Psrl fragments which are in very good agreement with those found experimentally. 


different regions are not in the same order and orientation as in 
the ds cDNA and could even be on different chromosomes. 
Further mapping of the ovalbumin sequences in chicken DNA is 
in progress, in the hope of finding a fragment which will contain 
all three regions of the ovalbumin gene, thereby supporting the 
insertion model. Up to now, no such fragment has been found. 
This does not rule out the insertion model, since the chance of 
finding such a fragment decreases with the length of the insertion. 

The existence of DNA insertions within eukaryotic genes has 
recently been demonstrated for 28S ribosomal cistrons of Dros- 
ophila melanogaster'*~??, But, since intact Drosophila ribosomal 
cistrons were also found, the physiological relevance of the 
insertion could be questioned. A 93-base pair insertion was 
detected and sequenced in the 5’ region of the protein coding 
sequence of a cloned immunoglobulin variable gene of mouse 
embryo (S. Tonegawa, personal communication), and a 1.250- 
base pair insertion was found within the coding sequence of a 
cloned mouse plasmocytoma å chain DNA. separating the 
sequences coding for the variable and constant regions of the J 
chain (C. Brack & S. Tonegawa, personal communication). Using 
an approach very similar to ours, which eliminates the possible 
complications related to accidental selection of defective genes 
and/or DNA rearrangements during cloning, A. Jeffreys and R. 
Flavell (Cell, in the press) have detected the presence of a 
600-base pair insertion within the protein sequence of the rabbit 
B-globin gene. A similar insertion was found in a cloned mouse B- 
globin gene (P. Leder, personalcomm unication). It seems therefore 
that the splitting of genes within the protein coding sequence may 
have some generality in eukaryotic cells. 

It is too early to speculate on the role of the split gene 
organisation in the regulation of gene expression at the transcrip- 
tional and/or post-transcriptional levels. But, the two types of 
model discussed above for the ovalbumin gene lead to different 
predictions concerning the general processes by which a split gene 
could be transcribed to give a single continuous mRNA. In the 
case of the insertion model three possible mechanisms already 
proposed to account for the mosaic late adenovirus mR NAs?3>25 
could apply to the ovalbumin gene: (1) RNA polymerase B which 
is responsible for ovalbumin mRNA synthesis* could jump with 
the attached nascent RNA across looped out insertions, tran- 
scribing in an ordered fashion the ovalbumin gene regions III, H 


and I (Fig. 6a) to yield directly the mRNA: (2) both insertions and 
messenger coding regions could be transcribed resulting in an 
ovalbumin mRNA precursor. The mature mRNA could then be 
formed by excision of the insertion transcripts and splicing of the 
mRNA sequences. The size of the precursor should be at least 
twice that of mature ovalbumin mRNA, since the minimum 
distance separating regions I and III in the insertion model is 
about 2,500 base pairs (see above and Fig. 6); (3) each of the 
mRNA coding segments may be transcribed independently and 
the ovalbumin mRNA generated by ligation of the transcripts. 
This latter mechanism, but not the two former ones, could also 
apply to the second type of model of the split gene where the 
mRNA coding regions are not placed in an ordered fashion (see 
above). We have no direct evidence to distinguish between these 
three possibilities, since the previous failure to detect an oval- 
bumin mRNA precursor’® must be reinvestigated in the light of 
the recent finding concerning the short half-life of the B-globin 
mRNA precursor? ™?8, 

The split gene type of organisation poses additional problems 
for studying in vitro the mechanisms involved in the specificity of 
transcription. The phenomenon of split genes in eukaryotic cells 
also diminishes the chance of obtaining single clones containing 
the DNA sequences coding for the entire mRNA and its putative 
regulatory elements. Furthermore, even where such clones may be 
isolated, it is unlikely that they could be used for the expression of 
eukaryotic genes in bacteria, as the necessary machinery for post- 
transcriptional processing may well not be present in prokaryotic 
organisms. Progress in this field may have to be based on the linking 
of known bacterial regulatory elements to ds cDNA clones 
containing the entire protein coding sequence. 
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Low energy y-ray observation of NGC4151 


OBSERVATIONS of the Seyfert galaxy NGC4I51 by Ariel 
V, OSOI VII and UCSD (refs 1-3 respectively) have demon- 
strated that it has a relatively flat X-ray spectrum up to 
photon energies greater than 100 keV. The X-ray lumino- 
sity of this object is of the order of 4x10” ergs if a 
distance of 20 Mpc is assumed, and exceeds the integrated 
luminosity at all the other observed greater wavelengths. 
Long-term observations’ by Ariel V indicate that the X-ray 
emission may originate from a compact object with 
dimensions less than 8 10** cm, presumably the nucleus of 
the Galaxy. Here we present the preliminary results of a 
positive measurement in the low energy y-ray region of the 
spectrum, which are in good agreement with the X-ray data 


Fig. 1 The soft and hard X-ray measurements of NGC4I5] 

compared with the MISO X and y measurements. The integral 

y-ray counting rate has been converted into a differential 
spectrum (hatched area) using a spectral index — 1. 
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and confirm the intense high energy luminosity of the 
object. 

The Seyfert galaxy NGC4151 was one of the celestial 
objects observed during a recent balloon flight, from 
Palestine Texas on 22 and 23 May 1977, of the MISO low 
energy (0.2~-20 MeV) y-ray telescope™". The instrument is 
a semiactively-shielded Compton coincidence system having 
a sensitive area of about 500 cm’ and an aperture of 
3° %20° FWHM. The gondola was steered by an orientation 
system designed to point the telescope in both zenithal 
and azimuthal planes. A hard X-ray telescope operating in 
the 30-250 keV energy range was also incorporated in the 
scientific payload. This detector viewed the same region of 
the sky as the y-ray device, with an aperture of 2° 5° 
FWHM and was designed around a sodium iodide crystal 
3mm thick and having a sensitive area of about 70 cm’. 

The entire observation of NGC4151 was made within 18° 
of the zenith at a floating altitude of about 7 mbar over a 
period of 3h. Half of this time was used to obtain the 
background evaluation. NGC4151 was detected at the 6.50 
level (based on the errors of the differences of the on and 
off source counting rate) in the 0.15-20 MeV energy. band. 
In this preliminary analysis only real time counting rate 
data, processed by an on-line computer, from the sodium 
iodide crystal (component of the Compton coincidence 
system) were used. No spectral information is available at 
this stage. The observed counting rates after background 
subtraction at the same zenith angle were corrected for any 
changes in float altitude. No significant variation in back- 
ground counting rate with azimuthal angle was observed. 

Four transits of the source through the fine aperture of 
the telescope collimator were performed and a_ positive 
increase in y-ray events observed in each case. The excess 
photon counting rate of 8441.3 counts s' at y-ray 
energies and 0.31 +0.23 counts s™* at X-ray wave lengths has 
been interpreted as a continuation of the previously 
measured hard X-ray spectrum. The y-ray excess has been 
converted to a photon spectrum at the top of the atmos- 
phere using conversion factors calculated for an input 
spectral index —1. 

The y flux obtained in this way is shown in Fig. 1 
together with relevant soft and hard X-ray data. The 
hatched area takes into account both the uncertainties 
derived from statistical fluctuations at 1e level and the 
lack of knowledge of the precise exposure of the source. 
This latter uncertainty is caused by not having 
continuously updated orientation data in the quick-look 
mode to better than 1° 

The y-ray results show good agreement with a power law 
extension of the X-ray data using a spectral index similar 
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to that suggested by Baity et al.*. The extension of the emis- 
sion spectrum of NGC 4151 up to 20 MeV would corres- 
pond to a luminosity of (8 + 2) x 10* erg s™ for a distance of 
20 Mpc. 
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Optical candidates for two 
X-ray bursters and an X-ray pulsar 


WE suggest faint (B ~ 18), blue stars as the optical 
counterparts of two X-ray  bursters, 4U1636—53 
(MXB1636—53)'" and 4U1735—44 (MXBI735—44: 
KGX345—6?)'"*, and for the 7-s X-ray pulsar, 4U1626— 
67'"*, The candidate stars have large ultraviolet excesses 
and were discovered well within the 20” and 30” X-ray error 
radii determined using the rotating modulation collimator 
experiment aboard the SAS-3 X-ray Observatory”, 
Photographic observations of several X-ray error boxes 
were performed (by C.R.C. and W.A.H.) in April 1976 
(before final SAS-3 X-ray positions were known) with the 
4-m telescope at the Cerro Tololo Interamerican Observ- 
atory (CTIO). R, B and U plates were obtained for the 
regions including 4U1636—53 and 4U1735—44. The R 
plates (RG610 filter with 127-04 emulsion) are shown as 
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finding charts in ref. 9. Preliminary iris photometry of 
some of the plates was performed to identify the bluest stars 
in each error box for further study. 

The photoelectric photometry was performed (by J.E.M.) 
using the 1.5-m telescope at CTTO during 8-13 June, 1977. 
A 10” aperture, a standard UBV filter set and an 
RCA 4516 photomultiplier tube were used during the entire 
run. For each colour typical integration times were 10s for 
standard stars and 50s for the programme stars and sky 
background. All objects were observed in the colour 
sequence BVUB as a check on sky conditions, telescope 
tracking and the stability of the instrumentation. The 
observations were made between the fourth quarter and 
new moon. The sky conditions were of photometric quality 
throughout each night with the exception of 9 June, which 
had some cirrus. Five or six UBV standard stars™ were 
observed several times each night. A television guider, 
mounted at the customary position of the offset-guider eye- 
piece, was used on four nights (8, 9, 12 and 13 June), and 
provided the crucial capability to centre stars as faint as 
B ~ 20 in the photometer aperture. 

About 100 faint (B ~ 15-20) stars in the fields of 16 
X-ray sources were examined during the six nights. Most 
of the observations were made within the 20-30” radius 
error circles determined using SAS-3 data. Stars with large 
ultraviolet excesses were discovered in the fields of three 
X-ray sources: 4U1626—67, 4U1636—53 and 4U1735~—44. 

A summary of the photometry data, coordinates of the 
stars and references to literature containing finding charts 
are given in Table i. A measurement of the candidate for 
4U1626-—-67 made while setting up on 12 June (0553 ur) 
and not included in Table | indicates that the star may be 
variable on timescales of minutes, but further observations 
are necessary to establish this. The three measurements of 
the candidate for 4U1735—44 show no evidence of vari- 
ability during the course of four nights. Iris photometry of 
two R plates taken four days apart in April 1976 also shows 
no variability. A spectrogram of this candidate obtained by 
Bond” shows a generally featureless blue continuum with 
weak H8 emission. Hell A 4,686 and Hel A 5,875 may also 
be present weakly in emission. 

Figure I is a colour~colour diagram showing the 
measured locations of the candidate stars and several estab- 
lished optical counterparts (see refs 13-17), and the cal- 
culated location of a model accretion disk around a massive 
black hole’. The candidates for 4U1626~—67 and 4U1636— 
53 lie further from the reddened supergiant or main 
sequence than any known counterparts and have colours 
inconsistent with those of a reddened, normal star. The 
candidate for 4U1735~—44 has the colours of Sco X-i as 
well as the colours of a late O or BO star suffering ~ 1 mag 
of extinction. 


SAAANA TONAN ONENEN AOTEA AATAS ANAA 


Table 1 Description of optical candidates 





Star position ( 4-3”) 





X-ray source Star no.* RA í 1 950) Dec. (1950) uT (June 1977) V+ B—Vt U- Bt 
dM, bY 
4U 1626—67 4 16h27m14.2s --67°2116” 12d06h05m 18.67 40,00 -- 1.18 
(281627 — 673) (321.8--13.1) 
12 06 34 18.42 0.26 4,23 
4U'1636 — 53 3 1636 56.2 -— §3°39’15” 12 03 21 732 1.0.69 -0.70 
(281636 —- 536) (332.9 -—4.8) 
4U 1735—44 5 1735 190 — 442519” 09 06 39 17.43 O24 ~~ 0.78 
(281735 --444) (346.1 -— 7.0) 
11 05 10 17.40 4.0.22 ~0.86 
° 13 06 54 17.52 +021 —0.81 


*Finding charts showing the SAS—3 (2S) positions and labelled with these star numbers are given for 4U/1626 --67 (in ref. 10) and for 


4U1636—-53 and 41735 — 44 (in ref. 9). 


tUncertainties (~ 90% confidence) in V, B-- Vand U~- Bare + 0.15 mag. for4U 1626-67 and + 0.10 mag. for 4U1636 — 53 and 4U1735 ~— 44. 
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The candidates for 4U1735~—44 and 4U1636--53 bring — 


the number of possible stellar counterparts to X-ray burst 
sources to three (the third is Davidsen’s candidate for 
Ser X-I), The colours of the two presented here are far 
from those estimated by Katz for an accretion disk sur- 
rounding a massive black hole. Evidence of the binary 
nature of any or all these candidates could resolve the un- 
certainty over the nature of the bursters (see refs 21, 22). 
The extreme colours of the candidate for 4U1626—67 are 
remarkable since this source is a rapid X-ray pulsar®, The 
optical emission of all other X-ray pulsars, with the excep- 
tion of HZ Her, is dominated by that of the OB companion. 
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ea 
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Fig. 1 A colour-colour diagram in the UBV system showing the 

three candidates presented in this paper, several well-established 

optical counterparts? ~U and a model accretion disk surrounding 

a massive black hole!*. The solid curves give the locus of colours 

for unreddened, main-sequence stars (V) and supergiants (I) 

following Davis. ** The dashed curve is the reddening line for a BO 
supergiant. 


Possibly 4U1626—67 is an even more extreme example of 
the HZ Her phenomenon, in which the optical luminosity at 
maximum light is a direct result of the X-ray emission (see 
ref. 23). 
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Positions of 
three X-ray burst sources 


Precise (20-30) positions of three steady X-ray sources which 
have been identified recently as X-ray burst sources 4U1636— 53 
== MXBI636--53 (refs 1, 2), 401728—33 = MXBI1728 —~ 34 
(refs 3, 4), and 4U1735—~—44 = MXBI735~—44 (refs 5, 6, 7) 
are reported here. These positions, hereafter designated with a 
2S prefix, have been derived from data obtained with the 
SAS-3 rotalting modulation collimators during a survey of the 
galactic plane’. The small solid angles of the error regions 
make possible a thorough survey of all potential optical, 
infrared, and radio counterparts of these burst sources. Two 
of these positions, 281636— 536 and 281735-—- 444, have led to 
the probable identifications of optical counterparts". 

The burst sources MXB1636--53 and MXBI728— 34 were 
discovered respectively with the OSO-~ 8 (ref. 1) and SAS—3 
(refs 3, 12) satellites. The source MXB1735— 44, located pre- 
cisely’ with SAS-3, is probably the burst source KGX345--6 
that was discovered earlier*? with the COSMOS 428 satellite. 
All three sources emit X-ray bursts with peak flux densities 
(2-15 keV) comparable to, or greater than, that of the Crab 
nebula and with rise times of 1-2 s. 

The association of the X-ray burst sources with the pre- 
viously known Uhuru sources is now well established (Fig. 1). 
These identifications have been made possible through the 
determination?:?> of the burst source positions to an accuracy 
of 6-10’ with the SAS-3 slat collimators!*, Positions of the 
steady components of these sources have been measured with the 
Uhuru, Copernicus, and Ariel V! satellites. The present 
SAS-3 positions are shown in Figs 1 and 2 and Table 1. 
Astrometric positions and stellar magnitudes are given in 
Table 2. 

An optical study based upon the Copernicus position for 
MXB1636-- 53 led to the suggested optical identification" 
of a flare star (star M in Fig. 2) that lies outside but near the 
28 error region. A recent study of the 281636—536 and 
2S1735—444 positions led to the discovery’ of two faint 
V ~ 17.5, ultraviolet excess stars that lie well within the 2S 
regions (stars 3 and 5 respectively in Fig. 2). A search’® for an 
optical counterpart for MXBI728—34 has yielded no likely 
candidates. Several bright (K < 10 mag) infrared sources 
have been detected, however, within ~ 1’ of 281728 > 337 by 
L. Glass and by S. Kleinmann (personal communications). 

Altogether, we have measured with SAS-3 precise (20-35%) 
positions of six steady X-ray sources (other than known 
globular clusters) which have been identified?~719°~?? as 
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Fig. 1 The burst source locations (dashed lines) and steady. source locations (solid lines) MXB1636--53: MXBI728—34 and MXBI735— 
44. The burst source locations designated MXB, were obtained with the SAS-3 slat collimators (refs 2, 3, 5 and J. Hoffman, personal 
communication). The steady source locations are from the-Uhuru 4U catalogue (U, ref. 14), the Ariel V rotating modulation collimator 


(A, ref. 16), the Copernicus satellite (C, ref. 15), and the SAS-3 rotating modulation collimator [S (dark circles) present work ]. 


counterparts of X-ray bursters. Previously we reported’ the 
positions of Ser X-1 (2851837 - 049), A1905 -00 (281905 ~- 000), 
and 4U1915--05 (281916--053). All six lie within 40° of the 
galactic centre and within 10° of the galactic plane. The inten- 
sities of the steady sources measured with SAS-3 agree roughly 
with those reported previously! ??, None of these sources is 
known to exhibit periodicities, eclipses, or rapid variability other 
than bursts. These featureless characteristics are typical of 
the X-ray sources which are located in the galactic bulge. We 
also note that the burst sources exhibit a galactic distribution”! 
similar to the bulge sources. 

The bulge X-ray sources are similar to the ~ 6 steady X-ray 
sources which are identified? 28-27 with globular clusters, in 


that they exhibit a deficiency of hard X rays and are associated 
with late-type stars in regions of high stellar density?*:?°, Four 
globular clusters, NGC6624 (ref. 30), NGC1851I (refs 31, 32), 
NGC6441 (ref. 33) and Liller 1 (refs 34, 35) are now believed 
to be X-ray bursters. The physical significance of these apparent 
similarities among burst sources, the bulge sources, and 
globular cluster sources is not well understood (see ref, 29), 
This makes the search for and study of optical, infrared, and 
radio counterparts of the burst sources particularly compelling. 

We acknowledge the support of the staffs of the Cente: for 
Space Research at MIT and the Goddard Space Flight Center 
of NASA. We thank C. Canizares, R. Dower, J. Kulik, W. 
Lewin, and C. Reid for helpful conversations and assistance. 


Fig. 2 Finding charts for the SAS-3 positions. The charts for 281636 —536 and 251735 —444 are from R plates taken with the CTIO 4m 

telescope by W. A. Hiltner and C. Canizares. The chart for 281728 ~337 is from the southern extension of the Palomar Sky Survey 

(National Geographic Society). North is up and east is to the left. The flare star designated M (281636 — 536) has been suggested’ as 

an optical counterpart. The 251636 -- 536 and 281735 --444 regions each contain a star (numbers 3 and 5 respectively) with a pronounced 
ultraviolet excess!?. 
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Table 1 Celestial positions 

SAS-3 Other Position (1950) ju Error radius Flux densityt 
designation designations* a ô bil (90%) (2-11 keV) Comments 
281636 — 536 4U 1636-53 16h 36min 57.65 — 533921” 332.9° 20” 240 ply MXB1636--53 
249.2400° ~~ §3.6558° —~4 8° 
281728 —-337 GX354-+0 17 28 39.6 ~~ 33 47 52 354.3 30 95 MX B1728 — 34 
4U 1728 — 33 262.1650 — 33,7978 (2 
281735 — 444 GX346—7 17 35 19.5 -44 25 22 346.1 20 160 MXB1735—44 
4U1735—44 263.8313 ~~ 44.4228 — 7.0 K.GX345 —6? 


ne eet nL Ce 


*Refs 14, 36, 37. 


+1.0 pJy corresponds to 2.2 x 107" erg em^? s~" (2-11 keV). Loran = 1,060 py. See refs 8, 9. 


SUT TET RTETU STO TETERTEITOUTOTSTITTETT TET TOTTTTTIOTTETE TUL TTT AATETTA AATAS 


Table 2 Stellar astrometry and magnitudes 


mer ann tet: 


Position (1950)f 
Source Star m” a ò 

2$1636—- 536 4 16.2 

9 17.8 

16 16h 36 min 56.35 ~—53° 38° 45” 
281728 — 337 2 18.2 

3 13.5 D 238 39.7 — 33 48 36 

5 17 28 46.1 —33 46 Hl 

6 {7 28 35.9 —33 46 30 
291735 — 444 3 17.6 

20 17 35 22.9 ~~ 44 24 59 


aryna an aiI ANTEE NAOTO AATRE aa 


* From photoelectric photometry! +0.1 mag (+0.25 mag for 
star 2), 
+ Precise to <3”. 
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SALA RATA TEP E RELATE TD TO EEE ELE TE RCE 


Identification of the 42, 200A 
interstellar absorption feature 


A BROAD absorption feature centred on 42,200A with a half- 
width of ~300A appears in the spectra of reddened stars*~*. 
This conspicuous feature in the interstellar extinction curve, 
might hold an important clue to the identity of a major com- 
ponent of interstellar matter, but it has defied identification for 
over a decade. Here we identify this band as representing the 
integrated effect of a set of bicyclic compounds, each with the 
empirical formula C,H,N,. Such nitrogenated structures could 
form in stellar mass flows of the type which we have also 
discussed‘. A significant mass fraction of all interstellar material 
might exist in this form. 

Graphite particles have been considered the most plausible 
candidate for the 2,200 A absorption feature. Whilst a small 
particle resonance in graphite can occur close to 42,200A, the 
central wavelength of this feature is sensitively dependent on 
particle shape®. Spherical particles with sizes small compared to 
the wavelength are necessary to produce agreement with 
observational data, but a more realistic distribution of shapes 
would produce a considerably broader absorption feature than 
is required. It therefore seems that a narrower molecular 
absorption must be superimposed on an underlying broader 
extinction hump which could be caused by extinction from 
graphite grains with a wide spread in their shapes. 

We have discussed a possible molecular origin for the 
2.2,200A band due to m--n* electronic transitions in a wide 
class of molecules involving conjugated double bonds®. We now 
limit our search to the nitrogonated heterocyclic compounds 
listed in Table 1. The first four compounds represent all possible 
arrangements of two N atoms in a bicyclic structure, with the 
hetero-atoms confined to one ring only. The fifth compound is 
an isomer where there is one N atom in each of the two rings. 

An average molar absorptivity function <e(A)° was com- 
puted for these materials from available spectroscopic data’. A 
normalised absorptivity A(A) given by 





CEAD ~ <e(Ag)> (1) 
AO) = ZG ~ A 


with Agu? == 3.8 um, A, 7! = 4.55 pmo is plotted in, Fig. 1. 
Our computed curve for CHN, isomers agrees exactly with 
the interstellar extinction data with respect to the central wave- 
length, but the ‘average’ interstellar band is apparently ~ 30% 
wider, The latter departure could easily be ascribed to an 
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3.8 4.2 4.6 5.0 5.4 
Apo) 


8-Orionis, and normalised as above. 


underlying graphite particulate extinction (scattering + absorp- 
tion) peak upon which the narrower molecular absorption band 
is superposed. Since 0-Orionis shows a broad extinction hump 
centred on 42,200A rather than the sharper band which is 
more common, we can reasonably attribute this extinction curve 
to an underlying graphite component. The mean extinction 
curve relative to the extinction data for 0-Orionis (Fig. 1) 
provides much closer agreement with the molecular absorption 
data, as we would expect. The mass density of molecules 
necessary to produce the observed strength of the 42,200A 
interstellar band (~ 1.5 mag kpc~!) is ~ 10-27 g cm~ implying 
that only ~10°%% of interstellar C and N is in this form. 

An identification of ring compounds of the type listed in 
Table 1 may have important consequences. Linear molecules 
such as HCN, HC,N, HC;N, HC,;N which have already been 
observed in interstellar space may result from the break-up of 





Table 1 Properties of various isomers of CHN, 





Structural € (molar 
Compound formula Am(A) absorptivity) 
Non 
Cinnoline CO 2,250 40,000 
Quinazoline p) 2,220 35,500 
N, 
Quinoxaline CO 2,340 23,400 
NN 
Phthalazine CC 2,150 56,000 
a N. 
1,5 Naphthyridine Sy ” 2,060 54,000 





a a Sk a 


these more complex structures. It would now be worthwhile to 
search systematically for ring molecules by radioastronomical 
techniques. 

Sakata et al. have reported the detection of an absorption 
feature at 42,200A in soluble organic material extracted from 
the Murchison meteorite. In view of the possible connection of 
this material with interstellar matter, a chemical analysis of the 
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molecules responsible for the meteoritic 2,200A band will also 
be valuable. It is interesting that several nitrogen heterocyclic 
compounds, including purines, pyrimidines and pyrroles have 
recently been identified in carbonaceous chondrites®-!!. 
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PESEN EE EN TEEN oe 
Has the Sun a companion star? 


DOW a ahi e 


mn 





PULSARS are accurate timekeepers. They are believed to be 
rotating neutron stars, with strong magnetic fields, and the energy 
they radiate is at the expense of their rotational kinetic energy’. 
As each pulsar ages, its period P (relative to the Solar System 
barycentre) slowly increases, and its period derivative 
P( = dP/dt) slowly decreases. Certain interesting pulsars (dis- 
played in Table 1) have anomalously small period derivatives, and 
rather surprisingly, are found grouped together in the same region 
of the sky (shown in Fig. 1). I suggest here, as an explanation of the 
peculiar properties of these pulsars, that the barycentre of the Solar 
System is accelerated, possibly because the Sun is a member of a 
binary system and has a hitherto undetected companion star. 

The characteristic spindown age of any pulsaris T = P/P. Most 
pulsars are born close to the galactic plane and most pulsars have 
high velocities; hence, as they age, they disperse away from the 
galactic plane. By studying the observed height distribution of 
pulsars about the galactic plane, various authors!~* have drawn 
the following conclusions. l 

First, the ‘young’ pulsarsof T < 3 x 10° yr(or P = 107!'4)have 
an observed height distribution that shows a rise in scale-height 
with increasing 7, that is consistent with the known velocities, and 
the spindown age is a reasonable approximation of true age. 

Second, most pulsars (57 out of 85) of known period de- 
rivatives”’° are ‘middle-aged’ and have spindown agesin the range 
3x 10° < T < 3x 108 yr (or 107'* > P > 107°). In their case 
Tis generally an unreliable indicator of true age, and at best is an 
upper limit. This is possibly because of magnetic-field decay':*-5, 
or change in magnetic-field orientation ~t? or perhaps because of 
other unknown processes. The positions of these 57 pulsars in 
equatorial coordinates are shown in Fig. 1; they are distributed 
about the galactic equator and show concentration toward the 
galactic centre. 

Third, the remaining five pulsars of T = 3 x 10° yr, listed in 
Table 1, have anomalously low period derivatives of P < 10715, 
PSR1913+16 is the binary pulsar discovered by Hulse and 
Taylor’, and its low period derivative P = 9 x 107 '® may be due 
to exchange of angular momentum. There are, at present, no 
explanations for the anomalously low period derivatives of the 
remaining four pulsars. 

The period derivatives shown in Table | must be further reduced 
by the Shklovsky’° or ‘train-whistle’ effect (whistle-blowing trains 
passing in all directions through a nearby railway station have 
positive P). If Po is the intrinsic period derivative of a source 
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moving with transverse velocity v, at distance d, and P is the 
observed period derivative, then | 


eee (1) 


where ¢ is the velocity of light. For PSR1944 + 17 the Shklovsky 
effect reduces Py to almost zero!” ; and for PSR1952 + 29 it is found 
that Po is negative!“ and the pulsar is apparently spinning up. 
Mansfield and Rankin'* have investigated various mechanisms 
that might explain the negative intrinsic period derivative of 
PSR1952+29, and conclude that all hitherto proposed mech- 
anisms are either inadequate or unlikely. 





Fig. 1 Plot of pulsar positions in equatorial coordinates on an 
equal area projection. ©, Pulsars of 10°'* > P > 107, @, 
pulsars of P < 107 '®; C, Galactic centre. 


The pulsars of small period derivative in Table | are shown with 
their positions plotted in Fig. 1. It is remarkable that all five lie in 
the same region of the sky with their right ascension (a) and 
declination (6) within the ranges 17h30 < a < 19h52min and 
—~27° < ð < +32°. Inside the box (shown in Fig. 1), defined by 
these coordinate limits, are found 23 pulsars of which five have the 
anomalously small Ê; outside the box are the remaining 39 pulsars, 
all of which have P > 10716. The probability of a chance 
clustering of five pulsars in 23 out of 62 is about 1%. Even ifchance 
explains the clustering effect, it does not explain the anomalously 
low P values. 

The above results suggest that the barycentre of the Solar 
System is accelerated in a direction that is within or close to the co- 
ordinate values already given. If F is the acceleration of the Solar 
System in a direction defined by coordinates ao, do, and APis the 
change in P of a pulsar located at coordinates a, 6, then 


AP y 
——- = ——fgindsinds + COsdcOsd,COS(a — %)} (2) 
; i 


Evidently, -AP ~ 107 !*issufficient to account for the low values 
of Pin Table 1. including correction for the Shklovsky effect, and 
because P ~ Is, this corresponds to an acceleration 
V ~ 1076 cms” ?. This acceleration is very roughly in the direc- 
tion of the galactic centre but is at least two orders of magnitude 
greater than the acceleration of the Sun in the gravitational field of 
the Galaxy. (More precise values of V, ao, do cannot be found by 
averaging a weighted P over the celestial sphere. This is because of 
a selection effect: the pulsars in the direction of the galactic centre 
include those of higher displacement from the galactic plane and 
therefore they have lower average P.) 

An intriguing explanation of the acceleration V is that the Sun 
has an orbiting companion star. The acceleration is then 


V = GM ¿R = 0.6 MIR? ems”? (3) 


and is directed toward the companion star of mass M, at distance 
R.. where M( = M,/Mo)is its mass measured in units of the Sun's 
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Table 1 Pulsars of P < 107 '° 
P E. Age Distance 
Pulsar (s) (107 4%) (10° yr) (pc) Refs 
1730 —22 0.87 0.0+0.2 > 10 1.600 2,5 
1813—26 0.59 —~3+3 ? 3,500 2 
(1913+16 0.06 0.088 + 0.003 ~ 3 6,200  12)* 
19444- 17 0.44 0.244 +0.005 6 $5013 
1952 + 29 0.43 0.02 + 0.001 70 265 314,15 





*Binary pulsar 


massand Ritsdistancein AU. Acompanion star of mass M ~ lat 


distance R ~ 10° therefore produces an acceleration that is 
approximately equal to V ~ 10°° cms” *. The circular orbital 
period of the hypothetical star is 


Po = R71 + M)o'? yr ~ 107 yr (4) 


and the corresponding proper motion is ~ 100 arcs per yr (the 
annual parallax is ~ 200 arc s). 

Most nearby stars are members of systems that contain two or 
more stars'®, and several stars have unseen companions detected 
astrometrically. The possibility of the Sun possessing a faint 
companion star has so far not been entirely eliminated'’. A 
hypothetical companion star of, say, an apparent magnitude 
m, = 10 (much too faint to be seen by the naked eye), has a 
luminosity ~ 107° times that of the Sun. It is conceivable that the 
companion star is a crystallised white dwarf*°-*' that has cooled 
rather rapidly to a surface temperature of less than 10° K during 
the lifetime of the Solar System. A red (or even black) dwarf”? of 
mass M < 0.1, that has failed to ignite hydrogen (but may be 
burning deuterium), has an exceedingly low luminosity and is 
therefore also a plausible candidate. If, however, the companion is 
a neutron star or black hole, produced by a supernova in the early 
history of the Solar System, then it is difficult to understand how 
our weakly bound binary system has survived such a violent event. 
it is more likely that a companion neutron star or black hole is in 
hyperbolic orbit, and the present close encounter is a transitory 
phenomenon lasting only several thousands of years. The compan- 
ion star is therefore presumably either a faint white or red dwarf in 
closed orbit about the Sun, or a gas-accreting nearby neutron star 
or black hole in open orbit. It should not be difficult to detect low- 
luminosity objects of this kind having large annual parallax and 
proper motion. 

Obviously, a star in closed orbit about the Sun must lie close to 
the ecliptic plane so as not to disturb the planets excessively out of 
their common orbital plane. According to current theories on star 
formation’?, stars and their planets condense in interstellar gas 
clouds, and therefore planets probably revolve in the same orbital 
plane as the parent stars of a binary system. A companion star 
orbiting close to the ecliptic is not inconsistent with the distribution 
of pulsars of Ê < 10~'® shown in Fig. 1. 

A companion star in closed orbit would produce various long- 
term effects within the Solar System. For example, the apsidal 
period U (the period of precession of perihelion) of a planetary 


orbit of period P, is?*:*° 


U= Me) PP (5) 


and hence, with M ~ 1, Pp ~ lyr, Pe ~ 10* yr, this equation 
yields U ~ 10° yr, and the precession amounts 0.5 arcs per 
century (or 0.1 arc s per century in the case of Mercury). Short- 
term perturbations in the motions of Neptune and Pluto are 
significant. but as far as I can determine. are not unacceptably 
large. 

Long-term changes in climate are conceivably attributable to 
periodicities in the Earth's orbit?®-?’, that could be enhanced by 
the presence of a companion star, particularly if its orbit has 
appreciable ellipticity. Furthermore, cometary motions will un- 
doubtedly be affected. According to Oort’s comet-cloud theory?" 
the comets extend out toadistance ~ 10° AU, and thecomet cloud 
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therefore envelops the proposed binary system of the Sun and its 
companion star. Oort has suggested that the nearby stars, at a few 
light years distance, perturb the comet cloud and asa result comets 
continually diffuse into orbits of comparatively small perihelia. 
The proposed binary system would obviously play an even more 
effective role in stirring the cometary orbits, and could also explain 
why the comet cloud, during the lifetime of the Solar System, has 
expanded to its present size. 

Has the Sun a companion star? I find it hard to believe that a star 
so close can exist and yet remain undiscovered. On the other hand, 
pulsar observations of extraordinary precision imply that it might 
exist, and therefore a search for a companion star is perhaps worth 
undertaking. 

Ithank T. T. Arny, D. J. Helfand, W.C. Saslaw, and particularly 
J. H. Taylor, for helpful comments, and also to the Aspen Center 
for Astrophysics for hospitality. Helfand has recently measured P 
for PSR2106+44 and finds that for this pulsar: P = — 1.36 
(+1.00)x 10717. It is interesting that this pulsar is in the same 
region of the sky as the other pulsars of anomalously low P. I also 
thank Dr P. van de Kamp for his comments, and for pointing out 
that the ‘train whistle effect’ has been known since 1901 as 
‘perspective secular change in the line of sight’?”. 
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Lines of H> in extreme- 
ultraviolet solar spectra 


THE first detection of H3 in the Sun, in extreme ultraviolet spectra, 
is reported nere. The Naval Research Laboratory’s High Re- 
solution Telescope and Spectrograph (HRTS), flown in a rocket 
on 21 July 1975, was used for these observations. The slit extended 
from Sun centre to limb and crossed a sunspot at 07 S, 23° Win 
McMath region 13766. This stigmatic spectrograph, described b 
Bartoe and Brueckner', covered 1,175-1,714 A with 0.06 
spectral and 1.5 arcs spatial resolution. A full list of observed lines 
is in preparation”. The sunspot spectrum contains some 120 
emission lines which do not correspond to known lines listed in 
compilations? of transitions in atoms or ions, apart from random 
coincidences. More recent publications referred to in the NBS 
Biblioggaphy* were also consulted. The identifications of the lines 
which are enhanced in the sunspot spectrum will be discussed 
elsewhere. 

A short stretch of a spectrum obtained with a 5l-s exposure 
time is reproduced in Fig. 1. The top spectrum is of the solar limb. 
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Fig. | A short section of the stigmatic ultraviolet solar spectrum 
showing several of the Lyman band lines in the 1.440—1,510 A 
region. Each of the two sections covers three different areas on the 
solar surface. The solar limb spectrum is at the top. the spot 
spectrum in the centre and the ‘pore’ spectrum at the bottom. 


the centre one is of the sunspot and the lower one is of a region of 
the quiet Sun which contains a small area (~2 arc s) in which 
some of the sunspot lines are greatly enhanced (a “pore”?). 

At least three distinct types of lines are present. Some are 
observed in the spot, pore and at the limb (for example, the line at 
1,446.13 A in Fig. 1); others are restricted to the spot and limb or 
to the pore and limb. 

The continuum in both the sunspot umbra and penumbra is 
below the instrumental threshold for detection even in the longest 
exposure of 51 s. At 1,600 A this corresponds to an upper limit of 
3,950 K for the region of formation of the continuum, compared 
with the normal quiet Sun value of ~ 4,400 K. From their visible 
region spectra sunspots are found to have photospheric tempera- 
tures of ~ 4,400 K, and the temperature minimum above a spot is 
typically considered to be ~ 3,200 K (ref. 6). The visible region 
spectra are therefore characterised by the presence of low exci- 
tation absorption lines and by hundreds of absorption lines of 
molecular origin which do not appear in the normal photospheric 
spectrum. In the ultraviolet the known emission lines of singly 
ionised species decrease in intensity over the spot and only neutral 
lines formed deepest in the chromosphere are enhanced. The 
origin of the new lines is therefore restricted to species with low 
ionisation potentials or dissociation energies. 

Because of the high abundance of hydrogen and the expected 
low temperatures, the molecule H, (dissociation energy 4.55 eV), 
which has strong far ultraviolet bands, is an obvious candidate for 
any new lines in the sunspot. An early comparison with known 
laboratory spectra’ of H,, however, indicated no general agree- 
ment in the character of the spectra. In a 100 A section near 1,500 
A there are of the order of 100 vibrational lines in the Lyman 
bands, whereas the sunspot spectrum over the same wavelength 
range shows only a few lines. Moreover, even allowing for 
different excitation conditions between the Sun and laboratory. 
most of the lines expected to be strong are absent. 

But it has now been found that at least 30 of the new lines are 
due to known transitions in the Lyman bands of H,, the key to the 
appearance of the spectrum lying in the excitation mechanism for 
the lines. 

The Lyman bands arise between the ground state 'E ” and the 
excited state 'Z >. The lines of many vibrational bands have been 
tabulated by Herzberg and Howe’, and a useful Arlas of Intense 
Lines has been prepared by Schubert and Hudson (unpublished 
Aerospace Report, AT N-64(9233)-2. 

The most striking aspect of the lines which correspond to H, is 
that 13 of them can be identified at P-branch (J = 5) and R-branch 
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(J = 3) transitions in the v =] to v” =n(2 <n <9) Lyman bands; 
only one line in each branch is observed in each band, all 
originating from a common v = 1, J’ = 4 upper level. Progressions 
with upper vibrational quantum number v’=constant were first 
studied by Wood and Hackett®? and are usually due to fluores- 
cence. 

The source of the fluorescence is not hard to find, given the high 
intensity of the nearby H La line. The energy difference between 
the co =1, J'=4 level in 'X{, and the o” =2, J” =5 level in ‘ZX, is 
within 26cm~! of the energy of H La. The full-width at half 
maximum (FWHM) of H Lais ~l A. So the H, molecules in the 
sunspot, or pore, can be excited by photons in the red wing of H 
Le as they travel down towards the photosphere. 

The observed lines from v =1 are listed in Table |, together 
with their intensities in the umbra, and their FWHM. The 
theoretical intensity ratio'® of P5 to R3 lines is 10/8, and within 
the limits of experimental accuracy the observed line intensities 
agree with this. Along the progression the intensities follow 
closely the relative strengths of the bands as predicted by the 
transition probabilities of Allison and Dalgarno'’. The observed 
line widths correspond to a ‘thermal’ temperature of 7.7 x 10° K, 
or with T, ~ 4,400 K, a nonthermal velocity of ~ 5km 57}, 
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Table 1 Lines observed in the v = | to e” =n(2<n <9) Lyman 
bands of H; 
a ata e ta a 
Transition A* Intensity FWHM Comments 
vu” (Å) (erg 
em~ 257 st~ 4) (A) 
1-2 P5 (1,216.05) oo _ Masked and 
excited by La 
R3 1,202.45 a oo Weak in 
umbra 
1-3 PS 1,271.93 1} 0.090 
R3 1,257.80 1} 0.083 
1-4 PS5 (1,329.14) mee ae Masked by 
C(t) 1,329.10 
R3 1,314.62 3 ane 
l-5 PS 1,387.35 2 =- 
R3 1,372.49 ce - Weak in 
umbra 
l-6 P5 1,446.13 9.6 0.093 
R3 1,431.01 7.4 0.088 
l-7 P5 1,504.79 14 0.093 
R3 1,489.57 12 0.094 
i-8 PS 1,562.41 12 0.114 
R3 1,547.35 14 0.101 
1-9 PS 1,617.93 =- ae Weak in 
umbra 
R3 1,603.24 … — Weak in 
umbra 


a rT a TT TE TTT va TTT ae AAEN AOE: 
*The wavelengths are from Herzberg and one Solar wavelengths 
agree with laboratory wavelengths within 0.02 A. 


The l-0 and 1-1 bands are outside the wavelength range of the 
instrument, but an ‘anti-Stokes’ line is observed at 1,202.45 A. 
Other fluorescence occurs, accounting for transitions in the 0-4, 
0-5 and 0-6 bands. To produce these the c’=0, J' = | and 2 levels 
are excited from v” = 2, J= 1 by photons 104cm™! and 134cm” ' 
out into the red wing of H La. The J’ = 9 level is also excited but not 
apparently by photons. But its energy is close to that of the v = L 
J'=4 level discussed above and collisional processes may be 
indicated. This second group of lines is listed in Table 2. There area 
further 20 or so weak lines of similar appearance which correspond 
by wavelength to H, transitions but which do not show such 
systematic behaviour. 

The closest coincidence with H La, the transition between 
vp =3,J' = 1 and t” =3, J’ =0, does not produce observable lines. 
This is probably due to the combined effects of the self-reversal of 
H Lz, a lower transition probability and a lower population of 
r= 3, 

The remaining lines, which do not appear in the pore, may also 
have a molecular origin, but the singly ionised rare-earths are 
another possible source of low excitation lines. 

The aspects of the data which relate to the understanding of the 
solar atmosphere will be discussed in the forthcoming paper”. But 


327 
AMBEDOAS TENAAAN EENAA 
Table2 Lines observed in the v’ = 0 to v” = 4,5,6 Lyman bands of H: 
Transition A* Intensity FWHM Comments 
p p" (A) (erg 
cm~ s tst" i) (Å) 
0-4 Pl (1,335.87) es Masked by 
C(n) 1,335.70 
p2 1,338.57 7.2 0.083 
P3 1,342.26 me Weak 
pio 1,393.45 AQ = - Blend? 
RO 1,333.48 5.4 0.099 
RI 1,333.80 ~— _ Weak 
R8 1,363.58 5.1 0.092 
0-5 Pi 1,396.22 s -— Weak 
P2 1,398.96 _ _ Weak 
P3 (1,402.65) _ … Masked by 
Siv) 1,402.79 
P10 1,453.02 7.7 0.105 
RO (1,393.72) _ ~~ Masked by 
Silty) 1,393.78 
RI (1,393.96) 2 = —- Masked by 
Si(tv) 1,393.78 
RE 1,422.55 1.8 0.085 
0-6 PI 1457.43 ee Weak 
P2 1,460.17 2.4 0.068 
P3 1,463.83 2.6 0.095 
p j ($) Trai widest nee 
RO 1,454.83 _ —— Weak 
RI 1,454.97 3.2 0.091 bi 1455.00? 
RS See ett oe 


ETTORE STE TET TES STITT TTT ANONN 


*The wavelengths are from Herzberg and Howe. Solar wavelengths 
agree with laboratory wavelengths within 0.02 Å. 


the importance of this H La, H, fluorescence process extends 
beyond the solar atmosphere, since it will occur wherever strong 


Lx radiation can penetrate a layer of temperature 
~2,000—5,000 K. For example, one can immediately predict that 


these H, lines should be present in stars cooler than the Sun, 
particularly those of type early K, since the visible region spot 


‘special type’ is KO. Such observations could be made with the 
forthcoming International Ultraviolet Explorer UE) Satellite, 


which includes the appropriate wavelength range. Further, Oster- 


brock!? and Black and Dalgarno'* have stressed the importance 


of the ultraviolet radiation field in the formation of the interstellar 


lines of H.. The penetration of La from hot stars into nearby 
cooler media may play a particularly important role, although the 
low population of the ve” =2 levels will make fluorescence less 
effective than in stellar atmospheres. 
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Significance of peroxynitric acid in 
atmospheric chemistry of nitrogen oxides 


KNOWLEDGE of the life cycle and budget of nitrogen oxides in the 
atmosphere is important for several reasons. In the stratosphere, 
NO and NO, (NO,) play a dominant part in maintaining the 
structure and stability of the ozone distribution. In the tropo- 
sphere, NO, is involved in the production and destruction of OH 
radicals which control the fluxes of many important species such as 
CH,, CO, H, and CHCI, to the stratosphere. In polluted urban 
areas, NO, chemistry provides the basic formation mechanism of 
photochemical air pollution. In all these areas of atmospheric 
chemistry, the interactions of NO, with HO, species (HO, HO, and 
so on) are of great significance, particularly the reactions of HO, 
with NO and of HO with NO). A further HO,-NO, interaction is 
the proposed’ formation of peroxynitric acid in reactions (1) and 
cal 





HO, + NO; = HONO, (1). (— 1) 
We present here a study of the extent to which reaction (1) and 
(~ 1) acts as a sink for HO, and NO, in the atmosphere. 

Peroxynitric acid was first reported to possess rather low 
stability at room temperature in the gas phase’, decomposing back 
to HO; and NO, witha lifetime of about 50 s. Subsequently other 
groups™? have identified infrared absorptions of HO,NO,, 
reporting much longer lifetimes, about 500 s, with the decay being 
ascribed to heterogeneous removal at the vessel walls. These 
apparently diverging conclusions can be rationalised if HO,NO, is 
in thermal equilibrium with HO, and NO, as we have shown to be 
the case for its organic analogue PAN (peroxyacetyl nitrate) and 
the corresponding peroxy radical, CH ,CO(O,)(ref. 4). When NO, 
is in large excess over NO, as in the infrared experiments, the main 
fate of the HO, radical is to recombine with NO, reforming 
HO,NO, again. Only when nitric oxide can effectively compete 
against NO, for HO,, will HO,NO, decay at its unperturbed 
unimolecular decay rate, k _ ,. 

We have studied the temperature dependence of this com- 
petition for HO, radicals in reactions (1)and (S$) by producing HO, 
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Fig. 1 NOconcentration~time curves showing the effect of increas- 

ing NO, on the inhibition of NO oxidation in mixtures containing 

approximately 2 x 10'+ and 5 x 10!® molecule cm? of HONO and 

CO in | atm of air at 35 C. Initial NO, concentrations, INO, J in 

moleculecm™? are @, 1.78 x 1013; ©, 3.24 x 1013; gg 5.90 x 10: O, 

1.15 x 10'*. Lines show computed curves used in estimating Ky /Ks. 
and k 
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radicals from the photolysis of nitrous acid (HONO) in the 
presence of carbon monoxide (CO): 


HONO +/fiv = OH + NO (2) 
OH +CO =H+CO, (3) 
H+0,+M = HO, +M (4) 
HO: + NO = NO,+0OH (5) 


The observed time dependence of the nitric oxide concentration, 
[NO]. reflects the balance between production by photolysis of 
HONO and NO, and by oxidation through the chain reaction 
sequence, (3) + (4) + (5) (see Figs | and 2). Figure | shows that [NO] 
usually declines, indicating the dominance of chain oxidation over 
photolytic production. But increasing the NO, concentration 
leads to decreased nitric oxide decay rates. The magnitude of the 
observed effect requires HO,NO, formation to be the explanation 


NO concentration x 10713 (molecule em~ ẹ) 





Time (s) 


Fig. 2 NO concentration-time curves showing the effect of tem- 

perature on the inhibition of NO oxidation by the addition of 

approximately 1 x 10'+ molecule em=3 NO, to mixtures containing 

HONO and CO in I atm of air. Experimental points: @. 40 °C: E. 

45 C: O, 49°C; ©, 55°C. Lines show computed curves using 
k/k; = 0.22and k, values illustrated in Fig. 3. 


rather than increased NO, photolysis. Figure 2 shows that the 
inhibiting effect of HO,NO, formation is only transitory. The 
initial increase in [NO] due to strong inhibition of the chain 
oxidation gives way to a steady decline at a rate almost inde- 
pendent of temperature. The induction period, representing the 
time taken for [NO] to reach its maximum, increases with 
decreasing temperature. This behaviour is exactly that expected 
for the formation of an intermediate which is thermally unstable 
with respect to active free radical chain carriers. Thus peroxynitric 
acid is apparently a kinetically significant species in the 
HO, + NO, system at low temperatures. 

Quantitative kinetic information was obtained by integrating 
the differential equations describing the reaction scheme, using the 
Harwell computer program FACSIMILE’ and literature rate 
constants". The values of k, and &_ , were obtained by minimising 
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the sum of the squares of the deviations between observed and 
simulated [NO] against time curves. The experiments below 295 K 
gave consistent values of 0.22 +0.03 for the rate constant ratio 
k/k; in air at | atm total pressure. In these conditions the 
HO,NO, lifetime was longer than the residence time in the flow 
reactor so that redissociation was unimportant and the [NO] 
against time profile was determined primarily by the relative rates 
of reactions (1)and (5). This ratio é ,/ks was then used at the higher 
temperatures to obtain the values of k, which are plotted in 
Arrhenius form in Fig. 3. A value of 1.2 x 10° n2 em molecule |! 
s7! (ref. 9) was adopted for Ks but neither A, or AAs were 
sensitive to the chosen value of K, in the range 107 Mo10° 2". The 
values of k., are represented by k., = POM ee exp 


(— 11.700 + 1,100/T) s~' for Tin K at | atm pressure. The pre- 
exponential factor and activation energy, (97 +9) kJ mol` t are 
quite reasonable for the unimolecular decomposition of a weakly 
bound molecule into two radical fragments. 





aasa N 
3.0 3.1 32 3.3 3.4 
3. 10%; T 
Fig. 3 Temperature dependence of the decomposition rate con- 


stant for HONO, 4. ii plot ofink . , against OS Tideg K '). 


Decomposition lifetimes of HO,NO, calculated from the a bove 
expression for k~, give some indication of the stability of 
HO, NO, at various altitudes in the atmosphere. In the coolest 
parts of the atmosphere near the tropopause, mean temperatures 
are about 220 K, corresponding to an HO NO, lifetime of about 
16 weeks (0.3 yr) with respect to thermal decomposition. As a 
result. the concentration distribution of HO,NO, in the upper 
troposphere and lower stratosphere will depend on the atmos- 
pheric circulation and dynamics as well as on the chemistry. 
provided that HO, NO; is not removed rapidly by photolysis and 
reactions with other stratospheric species. Calculations with a two- 
dimensional model indicate that as much as 30% of the total NO, in 
the upper troposphere may become tied up as HO,NO,. This 
species may therefore play a similar role to HNO, in providing a 
removal mechanism for stratospheric NO,. 

In the atmosphere near the Earth’s surface HC „NỌ, is unstable 
with a decomposition lifetime of 9s at 298K. HO,NO, will 
therefore not provide a significant sink or store for HO, or NO,, 
merely existing at a low steady-state concentration in the sunlit 
atmosphere. Consequently HO,NO, is likely to have only a 
limited significance in photochemical air pollution and model 
calculations of photooxidant formation will not be seriously 1n 
error by omitting this species. This conclusion is in contrast to that 
of Levine er al.) who suggest that HO,NO, may be an important 
product of photochemical smog. 

This work was sponsored by the Department of the Environ- 
ment. 
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Vertical profile of stratospheric 
ozone by lidar sounding from the ground 


LIDAR measurements of stratospheric ozone by differential ab- 
sorption (DIAL) technique were taken during July 1977 at the 
Haute-Provence Observatory (44N). A frequency doubled rhoda- 
mine 6G dye laser provided an output energy of 20-40 mJ in the 
wavelength range 300-310 nm. We report here preliminary 
measurements of stratospheric ozone in the altitude range 
18-25 km. This experiment was carried out with the lidar facility 
previously used for the study of upper atmospheric metallic 
constituents at the mesopause level! 

The transmitting part of the lidar system consists of a flash- 
lamp pumped. frequency-doubled dye laser emitting in the 
wavelength range 300-310 nm. The experimental set-up is shown 
on Fig. | and its characteristics are summarised in Table 1. The 
dynamic range of this electronic system together with the close 
proximity of the emitting and receiving optical parts does not 
allow observations in a low altitude range (5-15 km); in order to 
avoid signal induced noise? or spurious signal from photo- 
multiplier overloading, a rotating wheel protects the photo- 
multiplier during the first 100 ys. These constraints limit our 
experiments to an upper altitude range of 18-28 km. Obser- 
vations have been conducted on two different nights ( 19-20 July, 
20-21 July 1977) and more than 5 x 10° laser shots have been 
registered and analysed. 

The signal backscattered by Rayleigh diffusion in the altitude 
range z. 2+ Az ata wavelength A; can be written as 


A 2 4 A da, ` , E E ` 
Neg(4;.2) som NA i ) : dO (A i YDAN 7 “CA i Zz) 
exp[ — 2t03(4;.0.2)| (1) 


where N.(4,) is the number of emitted photons, A the telescope 
area, y the optical efficiency of the lidar system, do,/dQ(4;) the 


Table 1 Characteristics of the lidar system 


anenai aeaee 


Transmitter Receiver 
Energy per pulse 20-40 mJ Telescope area 0.5 m? 
Output wavelength 303.7- 308 nm Beamwidth $x 10°* rad 
Linewidth 0.15 nm Linewidth 3nm 
Beam divergence <8 x107 rad 
Pulse duration 4 us 


Pulse repetition rate 0.25 Hz 

The receiver is a 0.8-m Coude telescope. Two interference filters were used 
for these observations: they are centred respectively at 308.2 nm and 
303.7 nm with a peak transmission of 30°, and a width of 3 nm ( FWHM). 
These wavelengths have been selected to obtain a ratio of }.75 in the 
absorption cross-sections of ozone and are compatible with an obser- 
vation in the stratospheric range. The Rayleigh backscattered signal 1s 
detected by a trialkali cathode photomultiplier (EMR 541 E) and its 
temporal analysis is made by a multichannel analyser working in a photon 
counting mode with a vertical resolution of 1.2 km. 
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Fig. 1 The laser experimental set-up. 1, High reflectivity mirror; 2, 
wavelength selecting prisms; 3, laser head; 4, dye cell; 5, linear flash 
tubes; 6, output mirror (R = 40%); 7, cylindrical lens; 8, crystal 
housing (UGS output window); 9, ADP crystal. The oscillator head 
is made of three 15-cm length bielliptical cylindrical reflectors, 
successively mounted with a 60° angle between their plane of 
symmetry to obtain a total pumping length of 45 cm. Six linear flash 
tubes (VQX6FD15) are then used in this optical arrangement. The 
fundamental line (600-620 nm) is generated using an active solution 
of rhodamine 6G (10° * M1- `) in water with 4% Ammonix LO. With 
water as a solvent, the length of the laser cavity has been increased up 
to 2 m to reduce the beam divergence to less than 8 x 10° * radian, 
leading to a better efficiency in the Second Harmonic Generation 
(SHG)°. Spectral narrowing of the emitted line to 0.15 nm is made 
using two quartz prisms working at their minimum deviation angle, 
which are also used to polarise the emitted beam. Rotation of the 
high reflectivity mirror leads to the tuning of the output wavelength 
which can be controlled using a grating spectrograph (dispersion 
0.3 nm mm” +). The output energy of 1 J which is usually obtained 
with an efficiency of 0.25% in a shot by shot experiment, has been 
reduced to half of this value for the atmospheric observations in 
order to increase the lifetime of the electrical components and to 
reduce the photolysis of the lasing solution. An ammonium dihyd- 
rogen phosphate crystal oriented for critical phase matching angle at 
the selected output wavelength is used to perform the SHG with an 
energy efficiency of 5% to 10% depending on the output power of the 
fundamental beam. Due to the presence of a 3 mm-thick UGS 
window at the output edge of the crystal housing, only the ultraviolet 
light is emitted in order to avoid contamination effect of the 
backscattered signal by the fundamental visible beam. 


Rayleigh backscattering cross-section, n,(z) the total atmospheric 
density and 7(/;,z) the atmospheric transmission between the 
ground and altitude z in the absence of ozone absorption. 


to03{A1,0,2) = foosta no; (A)dA 
0 


is then the optical thickness of ozone at wavelength 2; on a one- 
way path between the ground and altitude z. Its value is derived 
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from the experimentally measured Ne(A1,2) assuming that ozone 
is the main absorber at wavelength å, between z and z+dz. 
Interference effects with other minor constituents (SOQ, H20, 
aerosols) are important in the troposphere but their con- 
centration are thought to be too low in the stratosphere range to 
produce any detectable attenuation. Absorption by molecular 
oxygen is also negligible at 300 nm where the cross-sections are of 


_ the order of 10~?° cm? (ref. 5) which leads to an optical thickness 


of 107° fora 1.2 km resolution range. 

The effect of aerosols around 22 km (ref. 6) should also be 
considered assuming a maximum extinction coefficient of 
4x 10°" cm~! at 300nm and thus an optical thickness of 
5 x 10~° which is again one order of magnitude lower than the 
expected ozone absorption. These assumptions will be confirmed 
later by comparing signals obtained at two different wavelengths. 
The only contribution to the atmospheric transmission T(z) is 
then the total molecular extinction by Rayleigh scattering which 
can be written as 7(A,z)=exp [—1,(4,0,z)] where ta is the 
optical thickness defined as: 


z 


: d 
ta(A1,0,z) = fee i talAddh 


0 


From the ratio: 


l N,(A,, z+Az)* Z 
R(à,.2,7+ A2) = PR ey iid MeL x 
Ng(A,,2+Az) z nfz+Az 
exp — 2ta(A1,2,2 + Az) exp — 2to 3(41,2,.2 + Az) (2) 


and using an atmospheric density model for midlatitude summer 
conditions’ to derive the values of [ma(z)/na(z+Az)] exp 
~~ 2ta(A1,2,2 + Az), we can now deduce the optical thickness of the 
ozone layer between z and z+ Az. Figure 2a and b show these 
values of to; between 18km and 28 km with a resolution of 
1.2km, as measured at two different wavelengths 
(A, = 308.2 nm, 42 = 303.7 nm). The deviation from a pure 
Rayleigh atmosphere shows up clearly. The integration time, 3 h 
during the night of 20 July, corresponds to 3 x 10° laser shots at 
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Fig. 2 å, Deviation of the differential optical thickness at 4, = 308 nm from a pure Rayleigh atmosphere (to3 = 0 corresponds to the situation of pure 


Rayleigh scattering. b, Deviation of the differential optical thickness at A2 
the situation of pure Rayleigh scattering. e, Comparison of todA1)— told 


= 303.7 nm from a pure Rayleigh atmosphere. (to; = 0 corresponds to 
2) as measured from equation (3), tox(A;) and Tox(A2) normalised to the 


same absorption cross-section (107 '? cm*). (t/a = 0 corresponds to the situation of pure Rayleigh scattering.) (@, t/c (308.2 nm): ©, t/e 
(303.7 nm); MB, (t(44) — 2(A2))(o/A1) — o(A2)). 
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both wavelengths and leads to the computed error bars, taking 
into account the statistical error of the received signals. 

If we consider the ratio 
Riz + Az) 7 


Je e nce “a exp ~ 2[to,(A1)— Toal) (3) 


dy 


we then obtain a direct determination of the ozone concentration 
withoutreference toany model. The backscattering by atmospheric 
particles has the same effect at two wavelengths and thus is 
eliminated. We have plotted on Fig. 2c the values of 
(toi) — Toz) X 10M )KaofAr) = Coltzh 
together with the related error bars as computed from the received 
signal, assuming the following values for the absorption cross- 
section" ” 


CoA = 308.2 nm) = 3x 107 i em? 
Solz = 303.7 nm) = 5.2 x 107 t? cm? 


These values are directly related to the ozone concentration and 
are compared with the ratios 


to (At )x 10! i 


Gols) ) 


60 (42) 


which lead to the same physical quantity. This shows good 
agreement between the two methods of data analysis confirming 
the former assumptions and the neutral density modelling. 

The vertical ozone profiles obtained on these two nights are 
presented in Fig. 3 together as an example with the statistical 
error bar as derived for one night (20-21 July). The accuracy of 
the measurement is directly calculated from the backscattered 
signals using equation (3) except for the upper part of the profile 
(z > 25km) where the absorption at 303.7 nm is too strong to 
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Fig. 3 Vertical ozone profiles (©, 
1977). 


allow a precise determination of R using this channel. zo, is then 
obtained only from the 308 nm channel assuming a constant 
value for the atmospheric density scaleheight, as calibrated in the 
lower altitude range by comparison of to,(41) and to(42). The 
accuracy of these preliminary measurements precludes any con- 
clusion about a possible day to day variation of the ozone content. 
Its vertical repartition shows a maximum around 22 km with a 
concentration of 3x 10'2cm~? which is within the range of 


measurements by other methods’ and model computations’”. 
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Further improvements of this DIAL technique to measure the 
ozone vertical profile will be done soon by extending the altitude 
range of the observations. Measurements of the backscattered 
signal in the analogical mode will allow the determination of noz 
between 10-20 km whereas, in the lower troposphere, interference 
effects by other atmospheric minor constituents must be carefully 
considered. In a same way an increase of the output wavelen gth of 
the ultraviolet laser up to 320 nm will reduce the ozone absorption 
in the lower stratosphere and thus extend the altitude range of 
observations up to 40 km. Furthermore, the accuracy of the 
experiment could be improved by increasing the output energy of 
the ultraviolet laser up to a factor of 3 as already obtained in 
laboratory and its repetition rate (up to 2 Hz). This differential 
absorption lidar technique will then provide a very powerful tool 
for the determination of stratospheric ozone concentration from 
ground based stations. 
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Photomineralisation rate of organic 
compounds adsorbed on particulate matter 


ATTEMPTS to correlate the concentration of chemicals in 
the environment with their production figures have resulted 
in a large deficit, especially for organic chemicals such as 
DDT'. It has been assumed that analytical errors accounted 
for this deficit, Another explanation, however, considers the 
reactions of compounds in abiotic conditions. As far as 
atmospheric chemistry is concerned, such an explanation 
needs a thorough knowledge of the kinetics and mechanisms 
of all possible reactions of a compound, including its pro- 
ducts and also consideration of the meteorological condi- 
tions. Only then would it be possible to describe the time 
dependence of concentrations of organic compounds in the 
atmosphere with any accuracy. To consider all the data 
required is time-consuming and expensive. because of the 
rather complicated mechanisms of conversion and de- 
composition. We have therefore devised simple, standardised 
tests. | 

In previous experiments we demonstrated that even 
persistent chemicals were decomposed to CO» (and in the 
case of chlorinated compounds also to HCI and/or Cl) as 
solids in an oxygen stream’. The results of this decom posi- 
tion——the photomineralisation—are given in Table 1. 
Cyclodiene insecticides, such as aldrin and dieldrin, 
mineralise during irradiation with Pyrex-filtered ultraviolet 
light. Using short-wave ultraviolet light (A < 290 nm), the 
amount of mineralisation products is significantly increased. 
DDT. DDE and pentachlorophenol behave in the same way 
as aldrin and dieldrin, whereas results from irradiating 
pentachlorobenzene, hexachlorobenzene and certain chlori- 
nated biphenyls (PCBs) lead us to assume that these 
compounds are only mineralised. when exposed to short- 
wave ultraviolet light. Photomineralisation is. thetefore, a 
simple test evaluating the behaviour of chemicals in atmos- 
pheric conditions. The relative mineralisation rate which 
is used to compare one substance with others can be 
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Table 1 Mineralisation products after ultraviolet irradiation of 
certain chlorinated hydrocarbons as solids in an oxygen stream 


Compound Mineralisation products (mg) 

Quartz (2 d) Pyrex (6 d) 
CO, HCl co, HCI 

Aldrin 

Dieldrin 51-70 19-28 &8-il 3-4 

Photodieldrin 

Hexachlorobenzene 

Pentachlorobenzene 

2,4,5,2 4,5 -Hexachlorobiphenyl 46-53 19-26 + Ť 

2,5,2,5 -Tetrachlorobipheny! 

Pentachloropheno! 

DDT 

DDE * , 10-15 2-8 


About 80 mg of the respective compound was distributed on the 
inside wall of a I-litre irradiation vessel and irradiated in an oxygen 
stream. The irradiation was carried out through quartz- and Pyrex- 
glass, using a Hg-high pressure lamp (HPK 125 W, Philips) as a light 
source. 

*Not determined. 

TNot detected. 


easily determined by the mineralisation products formed, 
such as CO:, HCI, Cl. But standardised and well controlled 
test. conditions are necessary. 

As a considerable fraction of the organic compounds in 
the atmosphere is adsorbed on particles, we use carrier 
materials in photomineralisation experiments and because 
of their readily standardisable properties, silica gel and 
aluminium oxide are good carriers. Using a suitable ratio 
of test substance to carrier material, a constant, approxi- 
mately monomolecular dispersion on the surface can be 
assumed. The resulting substance-oxygen contact is more 
effective than that of solids and with the catalytic effects 
of the carrier material will increase the mineralisation rate. 
In addition the application of carrier materials was found 
to be particularly useful for comparing gaseous, liquid and 
solid exponents. 

The photomineralisation of some chlorinated alkenes (1, 
i-dichloroethylene, tetrachloroethylene, 2,3-dichloropro- 
pene, 1,l-dichloropropene and  hexachlorobutadiene), 
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Fig. 1 Section of the irradiation apparatus for photomineralisa- 
tion of adsorbed substances. The cylindrical reactor drum (1) is 
on one end linked by means of flanged joints, able to transmit | 
power, with a drive motor (2) whose control is infinitively vari- 
able. On the other end a closed-ended irradiation tube (3) which 
is welded wtih a glass coupling and attached to the reactor drum 
by a coupling, projects into the interior of the reactor. The 
dimensions of the irradiation tube are chosen so that different 
sources of light (4) and filters can be used. On the inner wall of 
the reactor drum blades (5), parallel to the longitudinal axis, are 
inserted, which occupy only a fraction of the diameter and are 
adjusted into staggered positions starting from the front end. 
The weight of the reactor drum is carried by four rollers (6), 
which are connected to a support (7) by a holding device. On 
the support the flexible suspension for the drive motor ts 
arranged. The reactor drum can be charged either through tube 
(10) at the stationary part of the apparatus or through tube (11) 
by applying a vacuum to tube (9). By rotation of the reactor 
drum along its longitudinal axis the reactants (carrier material 
with adsorbed phase and gas phase) are completely tumbled and 
mixed so that a homogeneous irradiation is guaranteed. 
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freons (trichlorofluoromethane and _ dichloredifluorome- 
thane) and aromatic hydrocarbons (benzene, toluene, and 
ortho-, meta- and para-xylenes) in the adsorbed state was 
carried out in a special irradiation apparatus (Fig. 1)*. 
About 1.3g of the test substance was applied to 800g of 
silica gel using a stream of nitrogen gas. The amount of 
substance actually adsorbed was determined by gas chroma- 
tography and by elementary analysis. Silica gel (350g) 
containing the test substance were introduced into the 
irradiation drum which was then evacuated twice to 100 mm 
Hg and flooded with pure oxygen (at a drum capacity of 
about 251, a large excess of oxygen is ensured in respect to 
a total mineralisation of the initial amount adsorbed). The 
ultraviolet irradiation of the adsorbed substances was 
carried out with a Hg-high pressure lamp (HPK 125 W, 
Philips) using filters of quartz or Pyrex glass for 3 or 6d 
respectively. After the irradiation the mineralisation 
products, such as CO», Cl. were driven off from the reactor 
drum by a carrier gas (Nz) and trapped by passing the gas 
through two wash bottles connected in series, each con- 
taining 50 mi of 0.1 M NaOH solution. CO, was quantitat- 
ively determined by acidometric titration of CO; and Ch 
by iodometric titration of OCI. The quantitative deter- 
mination of mineralisation products which could not be 
eluted from the silica gel (such as HCI) was done by mixing 
silica gel with a NaOH solution (0.1 M) and subsequent 
potentiometric titration of Cl” with AgNO;. Table 2 and 
Fig. 2 show the results of the photomineralisation of the 
chlorinated alkenes, freons and aromatic hydrocarbons. In 
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Fig. 2 CO,-formation of aromatic hydrocarbons adsorbed on 

silica gel by ultraviolet-irradiation. Percentages are given by 

moles CO, formed divided by moles CO, expected from a total 

mineralisation of the initial amount adsorbed. a, Pyrex, 6 d; 

b, quartz, 4d. /, Benzene; 2, toluene; 3, o-xylene; 4, m-xylene; 
5, p-xylene. 


all cases CO, was found; in the case of chlorinated 
compounds HCI and/or Cl, were also found. 

The photomineralisation of chlorinated alkenes is the 
most effective as shown in Table 2. The quantity of the 
formed mineralisation products is not noticeably influenced 
by using quartz- or Pyrex-filtered ultraviolet light. The in- 
creased amount of products in the Pyrex experiments are 
due to the extended irradiation times. This indicates a pos- 
sible photomineralisation with ultraviolet light predominat- 
ing in the troposphere (A > 290 nm). Even the freons which 
are well known as highly persistent compounds are degraded 
to CO; and HCI by using Pyrex-filtered light. But here the 
degradation with short-wave ultraviolet light is slightly 
favoured. 

In contrast to the chlorinated alkenes and freons, the 
aromatic compounds in the solid state and adsorbed on 
silica gel show a higher persistence with respect to a photo- 
mineralisation. While irradiating through Pyrex glass only 
low mineralisation rates were found. Using quartz-filtered 
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Table 2. Photomineralisation of chlorinated alkenes and freons 
Quartz (3 d) Pyrex (6 d) 
CCl, = C—C = CCl, id Š T § 
| 
CI Ci 
CH, — CH = CC F T t X 
H,C--C = CH, 
| | t f § 
cl CI 
Ci aC =F CCI, . § T § 
CCI1,F si § g t 
CCLF; is pi j i 


a a a reece 

Percentages are given by the amounts of CO,/CI actually formed 
divided by the amounts of CO,/CI expected froma total mineralisation 
of the initial quantity adsorbed. 

*10-50° HCl- and/or Cl,-formation. 

+50~-90% HCI- and/or Cl,-formation. 

*10~-50°% CO,-formation. 

§50-90°, CO,-formation. 


light, however, a significant increase could be determined 
(Table 1 and Fig. 2). 

An even greater distinction within one class of com- 
pounds is possible: by comparing benzene with toluene and 
the xylenes (Fig. 2) a tendency to higher CO.-formation 
was found. Moreover, the three xylenes showed differences 
due to the steric position of their methyl groups. These 
results are supported by the determination of the remaining 
amounts of aromatic hydrocarbons after irradiation. 

From these examples a characteristic behaviour of cer- 
tain compounds as well as classes of substances becomes 
evident, which might help in evaluating organic chemicals 
with regard to their degradation in environmental condi- 
tions. 
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Formation of 
Fe-Ni-Si planetary cores 


THE planets may have accreted inhomogeneously materials 
accumulating on the proto-planets in the sequence in which 
they condense at high temperatures (1,000~-2,000 K) out of the 
solar nebula', The first solids to condense from the Earth, 
however, are the Ca and Al oxides, silicates and titanates*’ 
and not Fe or Fe-Ni alloy, which is supposed to form the Earth’s 
core. Anderson and Hanks‘ consider that such a nucleus of 
oxides enriched in radioactive elements could provide a 
mechanism for heating and melting the surrounding solid Fe 
layer which accretes later. Ringwood? considers this model of 
core formation unsatisfactory since it may produce a layer of 
oxide rich material around the core for which we have no 
geophysical evidence. For Fe, or an alloy of Fe with other 
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elements, to form as the first equilibrium solid, the pressure 
in the solar nebula at 1,800 K must be several atmospheres*'®. 
But, the conditions for the formation of a liquid Fe or a liquid 
Fe-rich alloy have not been determined. If a liquid alloy formed 
as the first condensate, it would solve many problems in the 
current models of formation of planetary cores*®. The pressure 
required to form a liquid alloy is likely to be an order of mag- 
nitude lower than the pressure for the formation of solid Fe 
because metal liquid solutions of Fe, Ni and Si have a lower 
free energy of solution than that of an ideal solution. In 
particular the Fe-liquid and Si-liquid, and Ni-liquid and 
Si-liquid form binary solutions with a low free energy which 
stabilises the liquid solutions at pressures lower than that of 
the solid. According to Podolak and Cameron® the models of 
Jupiter have an enhanced O-H ratio of ~ 25-30. They consider 
that pressure required to form chondrules will be lowered 
several orders of magnitude if the O/H ratio is increased. 
We report here an investigation into the equilibrium con- 
densation of the solar nebular gas at 1,900 K at varying total 
pressures and varying abundance of hydrogen (Ay). 

The system consisted of 10 elements H,O,Al,Mg,Fe,Ni,C, 
Si.S.Ca in solar abundance’ and over 70 gaseous and condensed 
compounds for which thermochemical data are available in 
sources listed by previous workers (such as Grossman’). The 
condensed compounds included forsterite and a number of 
liquid solutions of Fe, Ni and Si. These three elements were 
selected because they are liquids at 1,900 K. The vapour 
pressures of all other elements are low at 1,900 K and therefore 
none dissolves in the melt in any significant concentration. None 
of the oxides, titanates and other silicates condense at 1,900 K. 

The free energies of the formation of liquid solutions were 
calculated using the expression 


G = RTE X In X iYi 


Where G is the free energy of formation of the solution, Xi 
the mole fraction, y; the activity coefficient, R the gas constant 
and T the absolute temperature. For a ternary solution, Yi is 
given by*: 


Where the E values are the binary interaction coefficients and 
C is the ternary constant. Here we neglect the ternary constant. 


The data on binary coefficients are Epe—si = — 5,77, Esi~re 
eoe -~ DAL, Eni -si epee aS 6.75, Esini m e 19.43,E fe-ni = --0.67 
and Enie = —0.67. These coefficients have been calculated 


ure and hydrogen depletion could exist in the nebula over a 
length of time an alloy core with an outer layer of alloy and 
forsterite could form. ý 

With a further decrease in An (Du = 2) the minimum pressure 
for liquid formation lies between 0.01 and 0.05 atm. This 
liquid, however, does not contain any Si. The concentration of 
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Table 1 Condensed species forming at 1,900 K 





Pressure Ay = 2.6x 19" An = 3,6 x 10° Ay =æ 2.6 108 
(atm) 
Liquid Solid Liquid Solid Liquid Solid 

1.5 Feo, aNto.o55t0.05 None Fey.» Nio.osSio.05 Mg.2Si0, Fey. sos Niear logs Meg.Si0, 
1.0 None None Fey. aNio.osSlo.05 Mg.Si0, Feo. osNig.osa5to.047 Mg,si0, 
0.5 None None Feo. gNio.o5Sto.05 Mg,s10, Fey, 90aNlp.o.495lo.0as Mg,S10, 
0.4 None None Fey. gNig.o59l0.05 Mg.Si0, Fen, g2 Nio.0499l0,049 Mg.Si0, 
0.3 None None Fey. 9Nio.osSl0.05 None Fey. 92Nio.o: 516.03 Mz.Si0, 
0.2 None None Fe. aNio.oglo.04 None Feo. g4Ri lo.o82 Mg a50, 
0.1 None None None None Feo, 945 Nio.o35 Mg,.Si0, 
0.05 None None None None Fes. oasNio.o¢2 Mg.Si0, 
0.01 None None None None None Mg.si0, 





Ay, hydrogen abundance. The compositions of the liquid solutions are approximate. 


Si in liquid increases with pressure. At such a hydrogen 
abundance, Mg is nearly 100°, condensed as forsterite at all 
pressure considered in this study. 

Our conclusions are: (1) A core of liquid alloy could form 
from a gas of solar composition only at relatively high pressures 
of the order of 1 to 2 atm. (2) This pressure could be lowered by 


Fig. 1 Percentage of elements condensed based on the results 
of phase equilibrium calculations. Fe, Ni and Si condense as 
liquid solution, Mg and Si as Mg,Si0,. Dy, values as 0 (dotted 
line), 1 (solid line) and 2 (dashed line) represent hydrogen abun- 
dances of 2.6 x 10, 2.6 x 10° and 2,6 x 10° respectively. 
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about a factor of 10 if hydrogen is depleted by a similar factor. 
(3) A greater hydrogen depletion (Dy = 1) results in stablising 
forsterite down to 0.01 atm (and lower). Significant amount of 
liquid (Fe .g4Nio.95) forms only at 0.5 atm which could be 
regarded as the lowest pressure for the formation of the liquid. 
(4) Silicon may be the light element component of the alloy only 
if pressures are higher than 0.2-0.3 atm. In the pressure range 
considered (0.2 to 1.5 atm) the concentration of silicon in the 
liquid solution varies between 3 and 5%. If the O/H conditions 
can be deduced from other mineral~chemical information, an 
appreciable concentration of Si in the metal phase could indicate 
formation at high nebular pressure. 

We thank Drs A. E. Ringwood and R. Brett for helpful 
suggestions. Part of this work was done while S.K.S. was 
visiting Dr M. J. Drake at the Lunar and Planetary Laboratory, 
University of Arizona, Tucson. Phase equilibria was computed 
using a program from Dr G. Eriksson, University of Umea, 
Sweden. 
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Angle of subduction 


PLATE tectonics is well established as an empirical description 
for modification of the Earth’s outermost solid layer, although 
the dynamics of the plates are poorly understood. One view 
is that the plates are surface manifestations of the deep mantle 
convection which must inevitably occur if there are deep- 
seated energy sources'. Mantle convection, however, may not 
be an efficient driver of plate motions?, and the negative 
buoyancy of subducting slabs may be more important” *. We 
consider here a simple fluid dynamical model which illustrates 
some of the general principles of subduction dynamics, and 
Suggest an explanation for the observed subduction angle 
(the angle between the subducting slab and the Earth’s surface). 
The model depends on the concept of a ‘critical’ negative 
buoyancy that plate material must attain before it can undergo 
steady-state subduction. 
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Observations indicate that the subduction angle @, is seldom 
near 0° or 90° but is typically an intermediate value, say 50° 
(refs 4, 5). This does not seem to be explainable by trench 
migration (or the relative motion of plates) alone®. Jischke® 
explained the angle by proposing that the subducting slab 
adheres to the overriding continent, so that its angle of descent 
is dictated by the continental geometry, but this is only satis- 
factory for near surface behaviour. A detailed force-balance or 
energy-balance model might correctly predict 0,, but only by 
a fortuitous choice of poorly known parameters such as the 
average mantle viscosity u). In the energy minimisation calcu- 
lation by Tullis5, for example, there is only a narrow range of 
u for which the predicted 0, is not near 0° or 90°. We propose, 
instead, that 0, is essentially independent of the poorly Known 
mantle viscosity and plate rheology, and is determined by the 
requirement that the torques on the slab are balanced for the 
lowest possible negative buoyancy. The highly simplified 
model that we consider predicts 6, ~ 63° for a non-migrating 
trench. Slab rigidity is fundamental to our model, but since 
the forces acting on the slab are a function of depth, deforma- 
tion and even fracture of the slab may eventually occur and 
play a role in mantle seismic mechanisms’. Torque balance, 
however, with an appropriately chosen slab length, is a suitable 
first approximation for estimating 0s. 

For simplicity, we assume that the mantle has a uniform 
viscosity and is convectively neutral, so that the only motion 
within it is that caused by the plates. We consider a two- 
dimensional model in which the trench and upper (non-sub- 
ducting) plate are at rest (see Fig. 1). The subducting slab is 
assumed to be rigid and moving at a steady speed U. For the 
purpose of calculating the induced mantle flow only, it is also 
assumed to be infinitely long and infinitesimally thin. This is 


Upper plate 0 Subducting plate 





/ 


Fig. 1 Two-dimensional model for a subduction zone (see ref. 7). 

Material is transported from the ridge (to the right of the 

diagram) and undergoes subduction at 0. The upper plate is 
at rest. 


the model considered by McKenzie®, whose results we use 
here. He gives the hydrodynamic contribution to the pressure 
in regions A and B of Fig. 1 are P,(0), and Pa(O) respectively, 
where 


r{(x-0.)sin 0] 


— 2uU [sin 0 sin 0, 0, sin (@,—9)] 
r[0,2—sin® 0,] (1) 


@ is the polar coordinate measured anticlockwise from the 
upper plate, and r is the radial coordinate measured from 0. 
The lubrication resulting from shear heating’ and the diapiric 
upwellings which are responsible for behind-arc spreading” 
both modify these pressure estimates at small r, but this does 
not greatly affect the torque balance that we consider. 
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Since P,(0,) > 0> P,(9s) for all 6,, the hydrodynamic pressure 
difference across the slab always acts to reduce 0,. The torque 
about 0 due to this suction is 7, per unit trench length, where 


L 
Ta = [PaP B(8)]rdr 
8 


sin? 0, 
ores 
09? — sin? z (2) 


and L is the length of the subducting slab (assumed independent 
of 0.). We assume that Ta is balanced by the gravitational 
torque Te caused by the negative buoyancy of the slab. If 
Ap (r) is the density contrast between slab and mantle, and 
h is the slab thickness, then 


L 
Tao = JAp (r) ghr cos 6, dr 
0 
== $ bL? cos 0, 


b = gh {Ap (x) dx G3) 


the mean negative buoyancy per unit slab area. The inclusion 
of h in our definition of b emphasises that subduction is aided 
either by increasing the density contrast or by thickening the 
plate. We neglect the torque required to maintain the bend 
in. the subducting plate. Although this cannot be justified 
a priori, it should be noted that whereas the work done at the 
trench may be large, it does not follow that the corresponding 
torque on the subducting slab is necessarily large. 

The graphical solution of Ta = Ta is shown in Fig. 2. 
Since Ta > Ofor 0< 0, <7 it follows that, for a fixed U, there iS 
no solution for b sufficiently small. A solution becomes possible 
at a critical negative buoyancy 6, and a critical subduction 
angle ð, when the curves for Ty and Teo touch. The critical 
solution 1s 


0. ~ 63°, be ~ 20u U/L (4) 


For b> b., two solutions are possible. The larger solution for 
0, is stable since any small perturbation from it clearly leads 
to a restoring torque. The smaller solution for 6, is unstable, 
since any small deviation from it is amplified. The simple 
model predicts that 0,<63° is never stable. Subduction at 
these angles may be possible because of the finite torque 
required to bend the slab or the hydrodynamic pressure ‘on 
the leading edge of the slab’. i 

This calculation provides no information on the onset of 
subduction since it concerns a steady state for which a well- 
developed subduction slab already exists. A model by Davies!” 
may partly explain the initial subduction angle. We also do 
not consider the force balance along the direction of sub- 
duction which determines U. This balance is affected not 
only by the negative buoyancy and hydrodynamic effects?, 
but also by viscous drag on the subducting plate and ridge 
pushing (gravitational sliding)". It is likely that U is not 
strongly dependent on 6,, but must itself exceed a critical 
value that is determined by the requirement that shear heating 
produce adequate lubrication below the plate between ridge 
and trench'® W, 

The following speculative but plausible picture merges: 
after subduction is initiated, the trench migrates until a steady- 
state is reached where newly subducting material has the 
critical negative buoyancy 6, and subducts at an angle O: 


\ 
g Suction 


Q2HUL 


Torque 





20 © 4D 60 g0 
8, (deg) 


Fig. 2 The torques (in units of 2uUL) as a function of subduction 

angle. The three cosine curves labelled by values of b are for To. 

The remaining curve is for Ty There is no solution for Ty = Te 

if b < be, and a solution becomes possible at b = be when the 
curves Just touch. 


The negative buoyancy results from the thickening and cooling 
of the plate as the material proceeds from ridge to trench. 
The observed scatter of actual values for Os results from the 
inevitable interaction between several ridge and trench systems, 
and the inability to achieve steady-state. The following plausible 
values satisfy equation (4) for be: Ap ~ 0.1 gem”, A ~ 100 km, 


U ~ 10cm yr, L ~ 1,000 km, pp ~ 2x 10%" P. The size of 


the plate depends on the time taken for plate material to achieve 
critical negative buoyancy and, therefore, depends on the 
geothermal heat flux. This dependence may help to explain 
why plate tectonics was apparently so different in the Pre- 
cambrian™. 

The model we present here is oversimplified and incomplete, 
but it illustrates how the general physical principles of sub- 
duction dynamics might be identified. The choice of model is 
best made by comparing different tectonic systems, and data 
on the plate tectonics for the Earth at a different epoch or 
for other planets is essential for future progress. 

After this work had been completed, the very closely related 
calculations by Tovish et al}? were brought to our attention. 

We thank A. L. Hales and A. E. Ringwood for useful 
comments. 
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Age and tectonic implications of the 
Baie d’ Audierne basic-ultrabasic complex 


Major deformational and metamorphic events in the south- 
armorican metamorphic belt of south Brittany have been 
considered to be either Cadomian and Variscan! or Ordo- 
Silurian (Ligerian) and Variscan? in age. Geological interest 
in southern Brittany is, at least in part, focused upon the blue- 
schists’? and the basic~ultrabasic complexes of the area. The 
largest of these basic--ultrabasic complexes is that of the Baie 
d'Audierne group (Fig. 1). Although lacking suitable materia! 
for direct radiometric or stratigraphical dating, several indirect 
attempts have been made to date this group, using field data. 
These are briefly outlined here. It is proposed that the 
deformational and metamorphic history of this complex is 
entirely Variscan in age. The implications of this conclusion 
for the recently proposed plate-tectonic model of Cogné* are 
discussed. 

The south-armorican metamorphic belt comprises a suite of 
non-fossiliferous, pre-Stephanian sediments, commonly as- 
cribed to the late Proterozoic Brioverian’, which have been 
folded, metamorphosed and intruded by basic and ultrabasic 
rocks, granites and granite gneisses®®, In the Bate d'Audierne 
region (Fig. 1), two divisions within the metamorphic rocks, 
an upper and a lower suite separated by an unconformity 
have been recognised’ ~*. It is thought that the lower suite was 
folded and metamorphosed in the amphibolite facies (kyanite 
grade) during the late Proterozoic Cadomian orogeny” before 
the deposition of the upper suite. The upper suite commenced 
with the deposition of a basal sedimentary series, the Languidou 
gneiss. Ordovician to Carboniferous sediments lie offshore of 
the Baie d'Audierne; their relationships to the upper suite is, 
however, uncertain”. In the Baie d’Audierne, the upper suite is 
cut by the Pors Poulhan granite gneiss (Fig. 1) which has 
yielded a whole rock Rb/Sr isochron at 334-8 Myr (A*? 
Rb = 1.47 10°" yr-'). This radiometric date has been inter- 
preted as the magmatic cooling age of the granite. Subsequently, 
the whole sequence, upper and lower suites and the intruded 
Pors Poulhan granite, was folded by upright folds on east-west 
axes and metamorphosed in the albite-amphibolite facies during 
the Variscan orogeny". Late Variscan granites intrude all the 
metamorphic rocks and are probably associated with other 
south-armorican granites emplaced into rocks of Upper and 
Lower Palaeozoic aget’, 

During recently completed fieldwork in the area where Cogne 
and Peucat defined the upper and lower Brioverian, in the 
Baie d'Audierne region (Fig. 1), | was unable to recognise any 
unconformity. The upper and lower suites throughout the area 
show acommon structural and metamorphic history. In addition, 
the Languidou gneiss, interpreted by Cogné’ as a metacon- 
glomerate and used by Peucat® to support the postulated 
unconformity, is thought to be an intrusive granite containing 
partially assimilated xenoliths of country rock. The supposed 
‘pebbles’ are deformed feldspar porphyroblasts and quartz- 
feldspar segregations. The Languidou gneiss shows the same 
pre-tectonic relationship to the surrounding metasediments as 
the Pors Poulhan gneiss. This pre-tectonic relationship also 
oa toan ceo of gabbro and pendodue (now ADS: 


ie suite) hich A the caede Following the 
intrusion of these ultrabasic to granitic rocks, the entire 
complex (the Baie d’Audierne group") was isoclinally folded 
and metamorphosed in the amphibolite facies, up to sillimanite 
grade, with the development of an axial planar schistosity. 
This early schistosity was deformed by rare isoclinal folds and 
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Fig. 1 Present-day distribution of the Baie d'Audierne group 
(a), south Brittany migmatites, (b) the Ile de Groix blueschists 
(c) and the spatial relationship to the Brioverian and Palaeozoic 
sediments north of the South Armorican Shear Zone (d); the 
blueschists may originally have been more widely separated from 
the mainland migmatites as they are bounded north and south 
by faults, possibly thrusts**. L, Languidou; P, Pors-Poulhan. 
1. Cap Sizun gneisses; 2, Port Manech gneiss; 3, Morbihan; 4, 
Basse Loire (After Cogné'). 


these in turn are refolded by upright folds on east-west axes, 
with a variably developed associated crenulation cleavage. 
The complex then underwent a mimetic annealing recrystal- 
lisation which did not produce any major retrogression of the 
earlier mineral assemblages. A subsequent retrogression in the 
greenschist facies is associated with the emplacement of the 
latest Variscan granites. A fuller account of the Baie d'Audierne 
area is given elsewhere". 

Similarly, the structural discordance representing the lateral 
extension of the unconformity within the metasediments of the 
metamorphic belt south of the South Amorican Shear Zone 
has been observed neither in Morbihan’? nor Basse Loire’* 
(Fig. 1). From the above model, all the structural and meta- 
morphic events affecting the rocks of the Baie d'Audierne 
group occurred between the emplacement of the Pors Poulhan 
gneiss and that of the late Variscan granites. If we accept the 
334+8 Myr age given by the Pors Poulhan gneiss as an 
emplacement age, then the folding and metamorphism in the 
Baie d’Audierne area must have occurred entirely within the 
Upper Palaeozoic and forms part of the Variscan orogeny. 

To the east, south east of the Baie d’Audierne, a suite of 
migmatites and anatectic granites outcrops (Fig. 1), within 
which the anatectic granite represents the culmination of 
migmatisation'. To the south of the migmatites, metamorphic 
rocks of the blueschist (glaucophane—lawsonite) facies outcrop 
on the Ile de Groix®!*!5, The anatectic granites have yielded a 
whole rock Rb/Sr isochron at 363 +12 (A5 Rb = 1.47 x 107"! 
yr!) (ref. 16). A premigmatisation orthogneiss (Roguedas) 
has yielded a Rb/Sr whole rock isochron age at 460 Myr 
(AS? Rb = 1.42.10~!'! yr ~') (ref. 17), so fixing the migmatisation 
between 460 Myr and 363 Myr. The diapiric rise of the anatectic 
granites is syn-second phase deformation in the surrounding 
migmatities'*. This, in conjunction with the radiometric data, 
suggests the presence of a polyphase history of pre-Variscan*, 
high temperature metamorphism and deformation to the east 
whose early events and climax are older than the proposed 
post-334 Myr orogenic activity in the Baie d'Audierne to the 
west. 

The radiometric ages for the migmatite suite are broadly 
similar to those for the time range of blueschist metamorphism 
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on the Ile de Groix (420-370 Myr) (ref. 17) as inferred from 
Rb/Sr mineral and whole rock data (A°? Rb = 1.42.107" yr~*). 
A K/Ar 335 Myr mineral age has been suggested for this blue- 
schist metamorphism", which may, however, represent a later 
thermal event. In view of the spatial association of the above 
mentioned radiometric ages, rock types and metamorphic 
facies, it is possible to place the rocks of the Baie d’Audierne 
within the context of recently proposed tectonic models for 
south Brittany?*°. Such a tectonic context is necessarily con- 
fined to the south of the South Armorican Shear Zone due to 
the uncertainty concerning the movement history on this major 
tectonic line (P. Jegouzo, personal communication) and, 
therefore, the questionable validity of direct correlation between 
the south amorican metamorphic belt and central or north 
Brittany, the British Isles and so on. 

The dominant strike trend in the Baie d’Audierne region is 
070° (ref. 6); that of the migmatite belt to the east-south east is 
110-120° (ref. 1). A gently curved arc can be envisaged, trun- 
cated by the late Variscan granites and mylonites of the South 
Armorican Shear Zone. Before the emplacement of these 
granites and the subsequent shear zone movement, the Baie 
d'Audierne group, which extends westwards to the edge of the 
submarine continental shelf*, would have extended to the east- 
north east, around the northern flank of the migmatite belt 
(Fig. 2). Whether or not the migmatite belt extended south of 
the present outcrop of the Baie d’Audierne group cannot be 
ascertained, as this position is occupied by a large, late Variscan 
granite (Pont l’Abbé). It is with this pre-late Variscan granite 
configuration in mind that the tectonic significance of the 
Baie d'Audierne group is discussed. 

At. or even before, ~ 420 Myr ago, blueschist metamorphism 
was taking place to the south of a high temperature-medium 





Fig. 2 Proposed configuration of rocks of Baie d'Audierne (a), 

Migmatite Belt (b) and Ile de Groix blueschist (c) types pre- 

emplacement of the late Variscan granites. The true location and 

lateral extent of (c) cannot be ascertained**. Dashed lines indicate 
suggested boundaries. 


pressure belt within which anatexis eventually occurred’. 
Relict areas of older granitic material (Port Manech and Cap 
Sizun gneisses) within the western part of the high temperature 
zonet“? suggest that the migmatite belt lay on, or immediately 
to the south of, continental crust (Fig. 3). The metamorphic 
belt therefore comprised an Andean type margin with a north- 
ward dipping subduction zone**", 

Metamorphism and deformation of this margin during the 
Ordo-Silurian (Ligerian) orogeny? was related to subduction 
and the eventual arrival of northward moving continental 
material (Fig. 3), now lying immediately south of the blue- 
schists (micaschists, granites and undifferentiated Pafaeozoic 
sediments of the South Brittany continental shelf**'. In the 
Baie d'Audierne area, sometime between the initiation of 
subduction (~420 Myr) and 334 Myr ago, rifting occurred 
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Fig. 3 Non-scaled diagram of postulated plate boundary rela- 
tionships during the Palaeozoic, representing an hypothetical 
approximately north-south cross section across Fig. 2: |, Baie 
d'Audierne type basic and ultrabasic rocks; 2, south Brittany 
migmatites; 3, Ile de Groix blueschists associated with oceanic 
crust; 4, northern continental block; 5, southern continental 
block. Post-420 Myr/pre-334 Myr plate motions (solid arrows) 
involve northward subduction at the southern margin of the 
migmatitic island are (2), behind-are extension (1) and northward 
movement of the southern continental block. Post-334 Myr, the 
behind-are rift closes (open arrows, as the island arc + southern 
continent (2 +5) collide with the northern continental block (4). 
(Adapted after Cogné®*). 


within the continental plate just to the north of the migmatite 
belt (Fig. 3). Into this rift, mantle derived gabbro and peridotite 
were intruded, representing the initial stages in the development 
of a marginal basin behind an island arc**, now deeply eroded 
and represented by the migmatite belt. (A mid-ocean ridge 
origin for these basic and ultrabasic rocks has also been 
suggested*:**,) 

At or post ~ 334 Myr ago, the migmatitic island arc, then 
in contact with the southern continental block (Fig. 3), was 
pushed northwards against the northern continental block, 
folding the behind arc rift zone and producing the Variscan 
deformation and metamorphism seen in the Baie d’Audierne. 
This continent plus island arc-continent collision corresponds 
to Cogné’s intercontinental collision of the same age*. In 
Cogné’s model, however, the ‘suture’ representing this collision 
is marked by the South Armorican Shear Zone to the north 
(Fig. 1). 

The south-armorican metamorphic belt was situated therefore, 
at an active Andean type continental margin about 420 Myr ago, 
which after passing through a phase of back-arc rifting, 
progressed to a collision with a southern continent plus 
island arc and the northern continent, post 334 Myr ago. 
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Spike responses of 
‘non-spiking’ visual interneurone 


Our understanding of information processing in nerve nets 
has been modified by the concept of graded signal trans- 
mission’. Descriptions of non-spiking interneurones in 
insects* *, and the demonstration of graded synaptic trans- 
mission’ have contributed to this development. In the fly 
visual nervous system, second and higher order inter- 
neurones are known, which apparently do not produce 
action potentials’ *. We show here that at least eight 
individually identifiable movement-sensitive cells, which 
have the characteristic properties of non-spiking inter- 
neurones will generate spikes with imposed hyperpolarisa- 
tion. Their graded mode of operation is due to maintained 
refractoriness. This applies selectively to neurones, which 
belong to either of two anatomically, and physiologically 
distinct classes. Other cell types in the same preparation 
generate spikes spontaneously. 

The third visual neuropil of flies contains two conspic- 
uous sets of directionally-selective movement-sensitive 
neurones*''’—an array of 10 ‘vertical cells’ (VS 1-VS 10) 
which respond to vertical movements in the ipsilateral 
visual field, and an array of three ‘horizontal cells’ (HS 1- 
HS 3) which respond to horizontal rotary movements in the 
visual field of the two eyes’’*. Figure 2a-f shows some of 
the characteristic responses to visual stimuli of the neurone 
VS 1 depicted in Fig. 1. Its membrane potential in the dark 
is about -41 mV, modulated by sparse synaptic activity 
(Fig. 2a). Illumination of the receptive field causes a small 
depolarisation and a marked increase in ‘noise’ (Fig. 25). 
When a striped pattern moves upwards in the receptive 
field, the cell is hyperpolarised, and the noise reduced (Fig. 
2c), With downward movements it is depolarised, and the 
noise increased (Fig. 2d). Clockwise (Fig. 2e). or counter- 
clockwise (Fig. 2f) horizontal movements are ineffective. 
The movement responses are largest at a pattern speed of 
2 periods per s, thus corresponding to the velocity- 
dependent optomotor behaviour of intact flies". It is 
possible to record this kind of electrical activity from any 
one of the VS- or HS-cells for more than | h, without ever 
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Fig. 1 Neurone VSI of the blowfly Calliphora erythrocephala, as 
reconstructed after procion yellow injection, and serial sectioning. 
The right half of the fly’s brain is shown from behind. Neuropil 
areas are white, tracts and perikaryon layers are shaded. The 
retinotopic projection of the ipsilateral visual field into the plane 
of the third visual neuropil (lobula plate) is indicated. VSI 
belongs to a set of 10 large movement sensitive neurones, 
which occupy the caudal face of the neuropil. Their dendritic 
arborisations are in the lobula plate, the somata are in the caudal 
surface layer, and their axon terminals are close to the oesophageal 
canal (EC). Field axes: a-p, antero-posterior (horizontal); 
d-v, dorsoventral (vertical); arrow: site of penetration. 
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Fig. 2 Responses of neurone VSI to visual stimulation. a, In 
darkness the membrane potential is V = —41 mV, and the aver- 
age noise is 0.6 mV r.m.s. b, With constant illumination F shifts 
by +2.4 mV, but the noise increases threefold (1.8 mV rm.s.). 
c-h, Responses to pattern movements. The pattern is illuminated 
throughout, and starts moving at the broken line. c, Upward 
movement hyperpolarises by —8.4 mV, and reduces the noise; 
d, downward movement depolarises by 11.0 mV, and increases 
the noise; e, clockwise, or f, counterclockwise horizontal move- 
ments give no significant responses. No spike is present in a-f. 
With steady hyperpolarisation, by injection of ~2.4 nA, upward 
movement (g) still elicits a graded hyperpolarising response 
(—7.6 mV), but the effect of downward movement (h) is drastic- 
ally different from (d): as well as an increased average depolarisa- 
tion (+17 mV) fast spikes of about 30 mV amplitude are 
generated. These cannot be elicited by steady injection of 
depolarising current. Stimulus field: 45° lateral, 60° diameter; 
pattern: grating of 10° period; speed: 20° s~’; brightness: 50 
cd m~*, contrast: 80%. 


observing a full-sized action potential. No spikes are 
elicited by various other kinds of visual stimuli (such as 
intense flashes, discrete moving objects) or by depolarising 
currents up to 10 nA. 

VS- and HS-cells, like the neurone VS1 shown here, 
apparently have the specific properties of ‘non-spiking’ 
interneurones’, namely: (1) small average membrane 
potential (—30 mV to —50 mV), (2) conspicuous noise-like 
potential fluctuations, (3) graded response to stimulation, 
(4) inability to generate action potentials with imposed 
depolarisation, and (5) graded transmission across chemical 
synapses of either polarity. This last property could not be 
tested here by simultaneously recording from postsynaptic 
neurones, but estimated length constants in VS and HS 
axons would allow graded potential changes to spread from 
the dendritic arborisation to the axon terminals. Any VS 
or HS cell will, however, generate spikes, if it is steadily 
hyperpolarised by current injection. The current required 
varies from less than —InA to about ~SnA and is 
inversely correlated with the membrane potential before 
current injection. The records in Fig. 2g, h are from the 
same neurone, VS 1, as those in Fig. 2a-f, with the only 
difference that ~—2.4nA are continuously injected through 
the recording microelectrode by means of a balanced bridge 
circuit. The cell responds to pattern movements as before, 
but Fig. 2h shows in addition fast spikes which often ride 
on top of small depolarising voltage fluctuations. These 
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spikes have a fast repolarising phase, their amplitude 
increases with current and may overshoot ground potential. 
The current-induced hyperpolarisation of the cell mem- 
brane does not exceed the equilibrium potential of the 
inhibitory synaptic ion channels: as Fig. 2g shows, there 
is still a hyperpolarising response. The current effect is 
reversible, and with steady injection, the generation of 
spikes may continue for more than 2h. These findings 
were repeatedly confirmed for 6 of 10 VS cells, and for 
2 of 3 HS cells. Figure 3, for instance, shows spikes from 
the neurone HS 1 which are elicited by excitatory post- 
synaptic potentials (e.p.s.ps), but only if the cell is hyper- 
polarised. The same effects are expected from the remaining 
6 neurones in the two classes, and are independent of the 
electrode-filling solution (5% Procion yellow M4RAN, 5% 
Procion rubine MX-B, isotonic potassium chloride). 

The relationships between injected current, membrane 
potential, spike rate and spike amplitude, as studied more 
extensively in a VS neurone, are shown in Fig. 4. With 
increasing hyperpolarising current the spike rate rises 
rapidly from —1.5nA to —3.0 nA, and declines again to 
zero between —3.0 nA and —5.5 nA, although the stimula- 
tion was stationary (constant light). The average membrane 
potential changes from —30mV at OnA to —~60 mV at 
—~5 OnA. The spike amplitude increases non-linearly with 
current, and overshoots ground potential if more than 
—3.0nA are injected. The significant features of these 
spikes, namely their large amplitude, positive peak poten- 
tial, and fast rate of repolarisation are not likely to arise 
from either chemical or electrical synaptic potentials, 
charging an otherwise electrically passive membrane. 
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Fig. 3 Overshooting action potentials from neurone HS1, during 
steady hyperpolarisation with —1.0 nA. The spikes are elicited 
by large e.p.s.p’s, evoked by horizontal pattern movement in the 
contralateral visual field. In one of the three superimposed traces 
no spike is generated and the e.p.s.p. is clearly visible. Records 
were taken at 5 °C in order to spread the membrane processes 
in time, thereby circumventing the lowpass characteristic of the 
microelectrode (240 MQ; 5° procion yellow M4RAN). 


Rather, they demonstrate the existence of voltage- 
controlled conductance channels with kinetic properties 
appropriately tuned to produce regenerative action poten- 
tials. Accordingly Fig. 4 indicates that the current range 
of more than —5 nA corresponds to the resting state in a 
conventional neurone. —2nA to —5 nA to an excited state, 
whereas between 0 and —2nA the membrane is refractory. 
In a schematised notion of electrical excitability this means 
that most sodium channels are inactivated, and a large 
proportion of potassium channels are open. This state 
would be unstable unless the resulting outward potassium 
current is balanced by an inward current of equal strength. 
Either leakage or a constant and strong excitatory synaptic 
input could provide the inward current. Switching off the 
stimulating light reduces the synaptic ‘noise’ (Fig. 2a) with- 
out significant increase in membrane potential. The more 
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Fig. 4 Spike rate (©) and spike amplitude (@) as functions of 
injected current in a VS neurone of Calliphora. Weak stationary 
excitation is provided by constant illumination (Fig. 2b). With 
increasing hyperpolarisation of the cell membrane, the spike 
rate (+ s.e.m.) rises and falls steeply. At — 5.0 nA the membrane 
potential is --60 mV, and the spike amplitude of 80 mV over- 
shoots ground potential. The dependence of spike rate on 
membrane polarisation, the overshoot, and the fast repolarising 
phase (Fig. 3) characterise regenerative action potentials. 


probable cause of the depolarised state is, therefore, a 
steady inward leakage current. 

An interesting consequence with respect to the ‘noisy’ 
appearance of the membrane potential in the non-spiking 
State arises from the rapid breakdown of spike rate and 
spike amplitude between —2.5 and —1.5 nA in Fig. 4. In 
this poorly-defined state of the regenerative mechanism 
small fluctuations of synaptic or leakage currents will be 
amplifieds‘into..comparatively large potential fluctuations. 
Noise meastrements in this experiment yielded 0.78 mV 
Tams. at OnA, 0.75 mV rms. at —5.5 nA, but 2.8 mV 
‘TLS. at’ —2.0nA, where recognisable spikes contribute 
dess than 0.3 mV r.m.s. to the overall noise. 

These results show that VS and HS neurones have elec- 
trically excitable membranes. Their graded mode of opera- 
tion is due to refractoriness of the regenerative membrane 
mechanism. Consequently neither natural nor imposed 
depolarisation will elicit spikes. The conspicuous membrane 
potential ‘noise’, which characterises the non-spiking state, 
is mainly caused by abortive membrane excitation. It is not 
clear why these cells in particular should be refractory, 
whereas other cells generate spikes. The advantage of 
permanent refractoriness is questionable; moreover, it has 
been shown in Limulus that electrical excitability can be 
differentially damaged in closely adjacent cells’. The ‘non- 
spiking’ state may therefore not represent the natural 
condition of information processing in these neurones. 
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Evolutionary adjustment of 
developmental time in 
mixed populations of flour beetles 


IN dense, synchronised laboratory populations of the flour 
beetle Tribolium castaneum (referred to here as CS), there 
is a substantial amount of cannibalism of the earliest pupating 
individuals by large larvae, thus creating the possibility of strong 
selection pressure against fast development! ~3, An opportunity 
to investigate this possibility was provided by the existence of a 
set of mixed-species cultures that had been maintained for 
several years. These cultures contain CS and T. confusum (CF) 
in varying proportions. Since developmental time of CF is 
from 1-2 d longer than CS‘, the null hypothesis of no differences 
in developmental time of CS from the various cultures could be 
tested against the alternative that developmental time of CS 
would increase as the proportion of slower developing CF in 
the culture increases. I report here that developmental times 
do in fact adjust in mixed populations of these flour beetles. 

As part of a study of changes in competitive ability and other 
fitness components in populations of CS exposed to differing 
proportions of intra- and interspecific ‘competition’, two 
replicate series of nine cultures were established in 1968 using 
beetles from new, genetically heterogeneous stocks of CS and 
CF. The cultures are maintained at 29 °C, 50-70%, relative 
humidity in half-pint milk bottles containing about 30 g of 
whole wheat flour enriched with 5% brewer’s yeast. At the 
beginning of each transfer, or cycle of selection, the nine 
cultures receive 200 adults, distributed among the two species 
as follows: culture number (1), 200 CS/0 CF: (2), 175 CS/25 CF: 
(3), 150 CS/50 CF; (4), 125 CS/75 CF; (5), 100 CS/100 CF; 
(6), 75 CS/125 CF; (7), 50 CS/150 CF; (8), 25 CS/175 CF; 
(9), 0 CS/200 CF. The initial adults are discarded 3 weeks after 
being placed in the cultures, thus insuring a minimum of one 
generation in each transfer. About 7 weeks later, the cultures 
are censused and the inital composition is re-established. 

In these conditions CF is clearly inferior to CS; Fig. 1 shows 
that the percentage of CF recovered is always lower than the 
percentage used to initiate the cultures. In fact, only cultures 
8 and 9 (often 7 and occasionally 6) produce enough CF adults 
to re-establish the initial number. The CF beetles used to 
reinitiate the deficient cultures come from cultures 8 or 9. 

Developmental time was measured in the summer of 1973 
on the progeny of beetles taken from the 28th transfer using 
standard procedures’. For each culture in each of the two series, 
two replicate vials were set up containing 150 eggs 0-24 h of 
age in 6g of flour-yeast medium. Numbers of pupae were 
recorded by sex at daily intervals starting 18 d after egg laying. 


Fig. 1 % CF recovered from cultures 1-9 of the two series, 

compared to the °% used to initiate the cultures (dotted line) 

for the first three transfers, or cycles of selection. Open and 
closed circles represent the two replicate series of cultures. 
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Since developmental time is not normally distributed’, analyses 
were done on vial means, which were based on from 98 to 137 
individual observations. 

Developmental time data are shown in Fig. 2. Cultures 8 are 
obviously very different from cultures 1-7. Ignoring cultures 8, 
a factorial analysis of variance was carried out using the vial 
means from cultures 1-7. Main effects were series (2), cultures 
(7) and sexes (2). The only significant main effect was cultures 
(F = 9.88, P < 0.001). The culture x series interaction was 
significant at the 0.05 level; this effect is a real one as will be 
shown below. Although differences between males and females 
have been found in some studies‘, they were not evident here. 
Sexes were pooled for subsequent analyses. 

Regression of developmental time on culture number for 
cultures 1-7 was carried out separately for each series. Linear 
regression was a significant source of variation for both series, 
and in one case there were also significant deviations from 
regression. The test for equality of slopes of the two regression 
lines showed that the slopes were not different, so a common 
line is plotted in Fig. 2. There is clear evidence for an increase 
in developmental time as a function of culture number. 


Development time (d) 





Culture no. 


Fig. 2 Developmental time (from egg to pupa) for CS from 

cultures | — 8 and CF from culture 9. Data points are means of 

98 ~ 137 individuals. Open and closed circles represent the two 

replicate series of cultures. The line from cultures I ~ 7s a 

common regression line for the two series. The regression 
equation is y = 20.12 + 0.08 x. 


Turning now to cultures 8; developmental times changed 
dramatically to the point where they are even slower than the 
CF controls in cultures 9. It might be argued that this is a 
result of inbreeding rather than natural selection, since cul- 
tures 8 are reinitiated with only 25 adults at each transfer and 
developmental! time is known to be subject to severe inbreeding 
depression in CS®. I argue here, however, that the change is an 
adaptive one. 

First, inbreeding depression also leads to a great increase in 
variability of developmental time*®, as does artificial selection 
for slow development'. Coefficients of variation for develop- 
mental time in controls (cultures 1) and cultures 8 were 5.84 
and 7.78 for series A, and 8.68 and 8.33 for series B; clearly in 
series B at least the coefficient of variation is not larger in 
culture 8. This argues against inbreeding depression. 

Second, fecundity is known to be also subject to severe 
inbreeding depression in this species®. Fecundity data, obtained 
in separate egg cannibalism experiments, will be published 
elsewhere. In one of the two series, the fecundity of females 
from culture 8 was not lower than that of the other populations, 
and in the other series there was a linear decrease in fecundity 
with culture number. These results do not support the hypo- 
thesis of inbreeding depression. 

Finally, note that cultures 8 are the only ones where CF 
always replaces itself; 70-90%% of the surviving adults at the 
time of census are CF. In addition, there is a marked similarity 
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between Figs | and 2. Pearson product-moment correlation 
coefficients were calculated for developmental time versus 
percentage CF for both the Ist and the 28th transfers (Table 1). 
The correlations for transfer 1 are both significant, in agreement 
with the hypothesis. Most remarkable, however, are the 
extremely high correlations at transfer 28. In the two series, 
94 and 99° of the between-culture variation in developmental 
time can be accounted for by differences in the percentage CF 
among surviving adults. 
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Table 1 Coefficients of correlation (r) and determination (r°) 
between mean developmental time in CS and competitive ability 





Series Transfer 1 Transfer 28 
A r 0.76* 0.97f 

r? 0.57 0.94 
B r 0.897 0.997 

r? 0.79 0.99 


PAES EEIE a AA ELEA E A EEN 
AR ability was measured as % CF among surviving 
adults. 

*0.05 > P > 0.01. 

tP < 0.01. 


The hypothesis that developmental time of CS should increase 
as the proportion of slower developing CF in the cultures 
increases is supported by my data. The proposed mechanism 
of selection for slow development is cannibalism of early 
pupating individuals by large larvae. This mechanism was first 
suggested by Sokal and Sonieitner’ as an explanation for 


‘increased developmental time in experimental CS populations. 


Using an artificial mixture of genotypes, I have shown that in 
dense cultures of CS there was strong selection against early 
pupation®, With increasing culture number in the present 
experiments there is a linear increase in the proportion of CF 
adults used to initiate the culture, but a distinctly non-linear 
increase in the proportion of CF among the survivors (Fig. 1). 
Developmental times of CS from these cultures form a very 
similar non-linear curve (Fig. 2). The high correlations between 
developmental time and percentage CF in the cultures at the 
time they were first established might conceivably be spurious 
ones involving some other, unknown, selective agent. But the 
extremely high correlations at transfer 28 are clearly suggestive 
of an adaptive response. 
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Bismuth staining of Golgi 
complex is a characteristic 
arthropod feature lacking in Peripatus 


Tue traditional view for the origin of arthropods is that an 
exoskeleton has evolved once and the three major modern 
groups, Crustacea (for example, crabs), Chelicerata (spiders) 
and Uniramia (insects) had a common ancestor in the pre- 
cambrian. This ancestor was itself related to primitive Ony- 
chophora (present day representative, Peripatus) and ultimately 
to predecessors of the annelids’~*. But, arthropods may have 
had two, three or several separate evolutionary origins if the 
external features thought to unite the groups have evolved in 
response to functionally similar requirements®*, Studies on 
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trilobite skeleton, for example, suggest two independent an- 
cestral groups whose members were not themselves arthropods. 
These gave rise on the one hand to the Uniramia and on the 
other to the chelicerates which were linked to Crustacea through 
ancestral trilobites". The discovery of a cell component charac- 
teristic of all cell types in insects’ prompted a systematic study 
of its distribution, to see if it could be of help in determining 
arthropod evolutionary relationships. We report here that 
a characteristic feature of arthropods, bismuth staining of 
the Golgi complex beads, is absent in Peripatus, thus supporting 
the established view of arthropod evolution. 

The smooth surface of the rough endoplasmic reticulum that 
makes the forming face of the Golgi complex in all cell types 
in Calpodes (Lepidoptera, Hesperiidae), has particles arranged 
like beads on a circular string with about 10 beads per ring 
and a centre-to-centre spacing of 27nm. Each particle has a 
core 11 nm in diameter that stains specifically with bismuth. 
The rough endoplasmic reticulum membrane distends through 
the bead rings to form the transition vesicles of the Golgi 
complex. Particles with the distribution described for Calpodes 
may be present in most Golgi complexes but unless they stain 
with bismuth they are difficult or impossible to resolve. In 
some vertebrate tissues, for example, particles with the ap- 
propriate distribution do not react with bismuth and can only 
just be resolved after uranyl staining*. These results suggested 
that the beads or functionally comparable structures may be a 
general feature of Golgi complexes in organisms and that 
the bismuth staining might have a meaningful but restricted 
phylogenetic distribution. We therefore surveyed a number 
of arthropods and their near allies to determine the distribu- 
tion of the bismuth staining of beads. 

Tissues from organisms in the phyla listed in Table | were 
fixed in glutaraldehyde, stained only in bismuth solution before 
embedding’ and sections viewed with a Philips 300 electron 
microscope at a magnification of 250,000 and kept within 
400 nm of focus. A piece of Calpodes tissue was carried through 
with each test specimen to make sure that failure to stain 
was not caused by an undetected failure of the technique. 
The success of the bismuth staining could also be judged by 
the reaction with interchromatin and perichromatin granules 
present in most nuclei. In practice there was rarely any doubt 
whether stained beads were present on suitably prepared Golgi 
complexes. They were usually found within minutes of beginning 
an observation or not at all, even after hours or days of search- 
ing. It may be that modification of the staining procedure 
could stain beads unrecognised hitherto, but the variations 
in staining recorded here reflect a consistent difference not 
attributable to variations in procedure. 





Table 1 Groups in which bismuth-stained Golgi complex beads are 
present (+ ) and absent ( — ) 





Cnidaria (Condylactis, 
Hydra) - 
Platyhelminthes (Bipalium, Pseu- 
doceros, Planaria) — 
Nematoda (Phoconema) - 
Mollusca (Placopecten, 
Anodonta) _ 
Annelida (Spirorbis, Sabel- 
la, Tubifex) - 
Onychophora (Epiperipatus) — 
Tardigrada (Hypsibius) + 
Arthropoda Pycnogonida Pantopoda (Undetermined) + 
Chelicerata Xiphosura (Limulus) + 
Acarina (Parasitidae) 4 
Pseudoscor- 
pionoidea (Undetermined) 
Crustacea Isopoda (Undetermined) 
Decapoda (Orconectes) + 
Diplopoda Polydesmoidea (Undetermined) 
. Insecta Orthoptera (Locusta) + 
Hymenoptera (Apis) . 
Coleoptera (Tenebrio) + 
Lepidoptera (Calpodes) i 


a 
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Figure | shows some of the results. The characteristic size and 
spacing described for bismuth-stained GC beads in C alpodes 
is a constant feature throughout the arthropods. Table 1 shows 
the phylogenetic distribution. The beads are present in all three 
major arthropod groups and also in pycnogonids and tardi- 
grades. They are absent from Onychophora (Epiperipatus), 





Fig. 1 Bismuth staining of the Golgi complex beads in the main 
arthropod lines of evolution. a, Uniramia, Insecta, Calpodes, 
Lepidoptera, Hesperiidae, larval epidermis. b, Crustacea, Deca- 
poda, Orconectes x-organ. c, Chelicerata, Arachnida, Acarina, 
epidermis. d, Pycnogonida, Pantopoda, epidermis. e, Chelicerata, 
Merostomata, Xiphosura, Limulus, epidermis. The tissues were 
stained only by bismuth which reacts with particles about 10 
nm in diameter arranged in rings upon the smooth face of the 
roughendoplasmic reticulum where transition vesicles of the Golgi 
complex arise. The square bracket marks the characteristic 27 
nm spacing. Stained beads are absent from al! tissues in Epi- 
peripatus. Scale bar, 100 nm, 
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annelids, molluscs and flatworms. The inclusion of the tardi- 
grades with arthropods agrees with work showing chemical 
similarities between the cuticles’. The distribution of beads 
thus favours a common origin for present-day arthropods 
and makes it unlikely that the Uniramia arose separately 
from a Peripatus-like ancestor. 

This work was supported by a National Research Council 
of Canada grant (A6607). 
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Induction of fibrin thrombi by monocytes 


Tue discovery that blood clots in the absence of its cellular 
components has suggested that coagulation is independent of 
blood cells'. This view has been modified by the demonstration 
of procoagulant factors in the platelets* and anticoagulant 
heparin in basophils*. Procoagulant activity has also been 
found in extracts of leukocytes**, showing that coagulation is a 
cell-regulated phenomenon. We report here the direct 
observation of focal clotting induced by specifically activated 
monocytes. 

Orientated fibrin micro-clots can be produced by incubation 
of bacterial endotoxin, the white cell buffy coat and heparinised 
plasma from sensitised patients". The fibrin radiates in a stellate 
pattern from a centre of indeterminate nature (Fig. 1). We 
have analysed this central body. 

When we used buffy coats rendered largely devoid of platelets 
by repeated centrifugal separation, the nucleus of the micro- 
thrombus appeared as a cell rather than an amorphous mass. 
Attempts to ascertain the responsible cell by using Ficoll, 
dextran and albumin separation techniques were unsuccessful 
because thrombi did not form. But direct centrifugal separation 
of untreated buffy coat specimens in plastic tubes’ revealed 
the upper portion of the buffy coat containing lymphocytes and 
monocytes to be associated with the induction of the greatest 
number of thrombi. The lower fraction containing the heavier 
polymorphonuclear leukocytes showed minimal activity. 
Rectangular capillary tube thrombi counts® and differential 
counts of smears of comparable buffy coat fractions demon- 
strated a correlation between the number of thrombi and the 
number of monocytes or lymphocytes, but not the number of 
neutrophils, eosinophils or basophils. 

The monocyte shows strong surface adherence in contrast to 
the lymphocyte, and we found that the cells responsible for the 
thrombi rapidly attached to glass. Buffy coat preparations left 
in contact with the glass capillary tube or on glass cover slips 
could be flushed or washed away after 30-60 min at 37 C, 
leaving adherent cells which became centres for thrombus 
formation in the endotoxin-plasma mixture then applied. 
Furthermore, in preparations made on cover slip slides whereby 
the slip and slide were forced apart, the central cell had a 
remarkable set of pseudopods, as evidence of its strong attach- 
ment to both surfaces (Fig. 2). Blood left in contact with glass 
wool for Ih and then removed failed to produce thrombi. 








Fig. 1 Multiple stellate foci of fibrin induced by addition of 

lipopolysaccharide W (10~*) to heparinised blood from patient 

with vasculitis. The cover slip preparation was incubated 18 h 

at 37 C. Central bodies appear to be of indeterminate nature. 
(Wright-Giemsa.) 


Conversely lymphocyte specimens (99°, pure) obtained by 
passing blood through cotton® produced no thrombi when 
exposed to endotoxin. 

The cells responsible for the thrombi also proved to be 
phagocytic. The addition of latex particles’ (0.011 pm, 50 à of 
10 in 1 mi blood) to the regular system led to their endo- 
cytosis by the central cell of many of the thrombi (Fig. 3). 

Phase and phase interference microscopy with unsealed 
cover slip preparations showed that the centre of the thrombus 
was a large cell, generally without refractile granules, and with 
a reniform, pyknotic or vacuolated nucleus. The cell appearing 
to be a monocyte had fine filopodia at first. The earliest identi- 
fiable pericellular fibrin crystals appeared after 3.5 h. These 
were short and increased in number and length as time passed. 
The cell had grey cytoplasm and the nucleus became pyknotic, 
at time showing karyorrhexis and perinuclear vacuole form- 
ation. It sometimes ingested granules. The cell enlarged, 
became degenerate”, with cytoplasm of granular appearance, 
within 24 h (Fig. 3). At the end of this time, cell identification 
proved difficult in most cases because of the advanced 
degenerative changes. The spreading of the central cell could 
be accentuated markedly by placing a 30-g weight on the cover 
slip during incubation. Wright-Giemsa (5% acetic acid 
methanol fixation) or haematoxylin-eosin (Carnoy’s fixative) 
stained the nucleus clearly and showed an eosinophilic cloud 
at the centre of the thrombus, The myeloperoxidase?" stain 
(10°, formalin alcohol) showed fine granules consistent with 
those seen in the monocyte, and neutral red staining showed 
supravital uptake by some of the central cells. The best stain 
proved to be the Papanicolaou’? (95% ethyl alcohol fixation) 
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because it stained the cytoplasm as well as the nucleus. In the 
early phase the cytoplasm was green, but after about 6 h it 
was a distinctive pink orange and later yellow. This seemed to 
herald the death of the cell, and with this stain each thrombus 
could be readily spotted by the pinkish centre. 

Immunofluorescent staining with fluorescein—isothiocyanate- 
conjugated anti-human immunoglobulins (Cappel) of cold- 
acetone-fixed cover slip specimens revealed the central cell 
stained with C, but not with IgG A M D or Cx or C.. This 
is consistent with the fact that the monocyte has a receptor for 
C; (ref. 13). 

The monocyte seems to have a clear cellular role in coagu- 
lation. [ts ability to induce focal fibrin formation may be related 
to the observation that human monocytes exposed for 4 h at 
37 °C to Escherischia coli lipopolysaccharide have a demon- 
strable coagulant effect in a one-stage coagulation assay". 
Other non-specific effects of endotoxin include the release of 
pyrogen, as well as T-cell and colony stimulation. This is in 
contrast to the specific phenomenon we have observed 
patients with vasculitis and various immunological diseases. 
The fibrin deposition which we have observed around the 
monocyte may reflect complement activation through the 
alternative pathway. 

As a result of these studies, the monocyte can be viewed as a 
clot cell, in Yin-Yang contrast to the heparin-containing 
basophil, an anticlot cell. Study of the monocyte in cell-mediated 
coagulation promises new information about thrombosis, 
‘gram-negative infections and various immunological diseases 
which involve fibrin deposition. So far the only clinical ana- 
logue of our laboratory micro-thrombi may be the stellate 
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Fig. 2 Single stellate micro-thrombus forming in presence of 

buffy coat from which platelets have been removed. The 

unstained fibrin crystals radiate from monocyte, a central dark 

staining cell with pseudopods. Note lymphocyte at top two 

polymorphonuclear cells to right and peripheral red cell 
clusters. (Wright-Giemsa, phase.) 


Nature Vol. 270 


24 November 1977 





-Ait 
PS ~'s 


< ees eo 1] 


AA ne 
2e | | 





Fig. 3 Single stellate micro-thrombus forming in presence of 
latex particles. Refractile granules in central cell demonstrate it 
to be phagocytic. (Unstained, phase.) 


fibrin formation observed in the bone marrow of patients 
with myelofibrosis'®. The nature of this is not known but the 
bone marrow monocyte may play a central role. 
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Morphological abnormalities in 
spermatozoa of man and great apes 


HUMAN semen has long been known to differ from that of any 
other mammal in the high proportion of abnormal spermatozoa 
that it contains’. But there has been almost no opportunity to 
compare human spermatozoa with those of man’s closest living 
relatives, the chimpanzee (Pan troglodytes), the pygmy chimpan- 
zee (Pan paniscus), the gorilla (Gorilla gorilla) and the orangutan 
(Pongo pygmaeus); these are all now endangered species, and the 
few animals in zoos are not available for experimentation. 
Recently. workers at the Yerkes Regional Primate Research 
Center, where all four species are maintained, have perfected a 
technique for obtaining semen from these rare animals by 
electroejaculation’. Preliminary studies have suggested that 
marked morphological similarities exist only between the sperma- 
tozoa of the gorilla and man?. We examined these similarities and 
differences in more detail, in the hope that spermatozoa! mor- 
phology might provide some taxonomic clues about our affinities 
to the great apes. 
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Measurements of total dry mass were made with an integrated 
interferometer (Vickers M-86) for a random selection of 50-100 
spermatozoa from each individual in each of the five species. In 
man and gorilla the dry mass distribution was bimodal with two 
distinct non overlapping peaks, whereas in the chimpanzees and 
the orangutan it was unimodal (Fig. 2). When arbitrary units of 
dry mass were used, the mean value of the major peak in man was 
730 compared with 960 in the gorilla. In both species the minor 
peak represented a dry mass approximately twice that of the 
major peak. These results are similar to those reported for 
Feulgen-stained human spermatozoa‘, and suggest that the two 
groups represent haploid and diploid spermatozoa. The per- 
centage of diploid spermatozoa in man and gorilla was estimated 
using a larger sample; 21 diploids were found in 2,000 human 
spermatozoa (1.05%) and 37 in 2,408 gorilla spermatozoa 
(1.53%). This difference was not statistically significant (P 
> 0.10). Human spermatozoa had the lowest mean haploid dry 
mass, and gorilla spermatozoa the highest (Table 2). By extracting 
DNA with trichloroacetic acid and remeasuring dry mass it could 
be shown that total dry mass was proportional to DNA content in 
Homo sapiens, Pan troglodytes, Gorilla gorilla and Pongo pyg- 
maeus (Fig. 3). Statistical analysis (Table 2) revealed no signi- 





Table 1 Morphology of spermatozoa of man and the great apes 


Homo sapiens Pan troglodytes Pan paniscus Gorilla gorilla Pongo pygmaeus 
(4 individuals) (3 individuals) (1 individual) (2 individual) (2 individuals) 
Normal Modal 73.0 4 98.0 71.0 98.5 
Abnormal Large head 2.0 3 = 2a ~ 
Small head 0.5 0.5 0.8 - 
Tapered head 0.3 2 ~ 1.0 ~ 
Dense-staining 0.6 2 0.5 4.5 =- 
Vacuolated head 2.4 3.0 1.0 1.3 0,3 
Irregularly shaped 18.4 .2 =- 16.0 0.8 
Multiple heads 0.5 =- ~ 0.5 - 
Abnormal midpiece 0,3 - 0.5 _ 
Cytoplasmic droplets ~- ~ ~ 0.3 p 
Immature cells 2,3 O03 = 2.0 0.5 
Total 100.0 100.0 100.0 100.2 100.1 





Semen samples were obtained from normal healthy individuals of proven fertility except for one Pongo pygmaeus. In man and in Pan troglodytes samples 
were obtained by masturbation. In Pan paniscus, Pongo pygmaeus and Gorilla gorilla samples were obtained by electroejaculation as described by Warner 
et al.”, Semen samples were washed in 0.9% saline and fixed in methanol: acetic acid, 3:1 as described by Sumner*. Some of these slides were stained with 
Papanicolaou’s stain and observed under the light microscope: 200 ceils were scored per individual and all results of Table | are expressed as percentages. 


Table | shows that there is a similar proportion of ‘normal’ 
(modal) and abnormal forms in the ejaculate of men and gorillas; 
morphologically, the ‘normal’ forms of the two species are 
indistinguishable (Fig. 1). Chimpanzee spermatozoa are very 
different in appearance to human or gorilla spermatozoa, 
although very uniform in shape: they seem to be identical in all 
aspects to the spermatozoa of the pygmy chimpanzee. The 
spermatozoa of the orangutan are morphologically distinct from 
all the other species, although once again extremely uniform in 
shape. 


ficant differences in dry mass between individuals within a species, 
but marked differences between species. Although human sper- 
matozoa are morphologically most similar to those of the gorilla, 
in terms of DNA content they resemble those of the chimpanzees. 
Gorilla spermatozoa showed the greatest intra-individual vart- 
ance in haploid DNA content. l 

Diploid DNA estimates in the somatic cells of the great apes 
and man have revealed Homo sapiens, < Gorilla gorilla, < Pan 
troglodytes, < Pongo pygmaeus? which does not correspond with 
our haploid estimates of Homo sapiens < Pan troglodytes, 





Table2 Comparisons of total dry mass of spermatozoa of the great apes and man 


Approximate 95% confidence limits 
Assumption A Assumption B 


Species Means Difference Lower Upper Lower Upper 
Chimpanzee~human 810.0 — 742.3 + 67.7 +218 +113.6 +418 +93.6 
Orangutan~human 871.6 — 742.3 + 129.3 +73.0 +185.6 +97.6 +161.0 
Gorilla-human 965.2 — 742.3 +222.9 + 166.4 + 279.5 + 190,7 + 255.2 
Orangutan-chimpanzee 871.6-~ 810.0 +61.6 +5.3 +117.9 +29.9 +93.3 
Gorilla-chimpanzee 965.2 ~810.0 +155.2 +98.7 +211.8 + 123.0 + 187.5 
Gorilla~orangutan 965.2 —871.6 + 93.6 + 28.5 + 158.9 + 56.6 + 130.7 





The component of variance between individuals within a species is taken to be either 2,000 a.u.? (assumption A) or 1,000 a.u.? (assumption B). 

Anovar of haploid dry-mass revealed (1) no significant differences between preparations from the same individual, (2) that the intra-individual variance 
components for man, chimpanzee and orangutan did not differ significantly (pooled estimate = 4,949.3 with 485 d_f.), but were significantly less than for 
gorilla (11,606.7 with 197 d.f.). Confidence intervals were constructed using these estimates and taking values of the inter-individual intra-species 
component to be either 2,000 a.u.? (assumption A) or 1,000 a.u.? (assumption B). The assumptions correspond to situation in which one individual in 100 
can be expected to differ from its species mean by the equivalent of approximately two (A) or one (B) medium-sized chromosomes respectively. The 
implied degree of aneuploidy suggests that these are overestimates. as are the widths of the corresponding confidence intervals. 


d 





Fig. 1 The spermatozoa of Pun paniscus (a); Pan troglodytes (h): 
Pongo pygmaeus (c): Homo sapiens (d): and Gorilla gorilla te) 
photographed under Nomarski interference. Scale bar. 10 ym. 


< Pongo pygmaeus, < Gorilla gorilla. Man has a diploid 
chromosome number of 46 compared with 48 in all great apes. 
and less constitutive heterochromatin and brilliant fluorescent 
chromatin than the chimpanzee and the gorilla®. The overall 
amount of satellite DNA sequences in man seems to be lower than 
in the great apes’, and presumably all these factors contribute to 
the loy DNA content of human cells. 

It has been suggested? that the pleiomorphism of human 
spermatozoa may be a consequence of testicular damage caused 
by clothing-induced hyperthermia. The fact that the spermatozoa 
of gorillas living in outdoor cages are just as pleomorphic. and 
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show an even greater variability in haploid DNA content, tends to 
refute this argument. Furthermore, the great variability in mor- 
phology of human spermatozoa, is contrast to the lack of 
variability in haploid DNA content. means that morphologically 
abnormal human spermatozoa are not necessarily genetically 
detective. The percentage of morphologically abnormal forms is 
increased in infertile men, however, sometimes reaching very high 
proportions in cases of abnormal chromosome constitution”. It 
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Fig.2 Theesumatonsof total dry mass (TDM) were obtained with 
a Vickers M-86 integrated microinterferometer. This instrument 
measures the optical path difference (o.p.d. = refractive 
index x thickness) in arb. units (a.u.). The area of the object (the 
sperm head only) was selected using an electronic masking system, 
Measurements were obtained with a X 75 n.a. 1.1 water immersion 
objective and prepurations were measured while immersed in dis- 
tilled water, All semen samples were treated as specitied in the legend 
of Table |. except that measurements were done on unstained 
preparations. 50 cells were measured per individual using two slides 
(25 measurements in cach). except in the gorillas (100 cells: 50 
measurements per slide). a. Homo sapiens : b; Pan troglodytes: c. Pan 
paniscus : d. Pongo prgmaueus : e. Gorilla gorilla. 
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Fig. 3 To test whether TDM is proportional to DNA content, 10 
spermatozoa from each of two individuals from each species (except 
Pan pe) were measured for TDM. After treatment with 5% 
trichloracetic acid at 90 “C to remove DNA, the same spermatozoa 
were relocated and measured for dry mass after extraction (DMAE). 
Slides were then stained with Feulgen and the same spermatozoa 
measured for residual DNA with the M-86 instrument in the 
microdensitometric mode. Only if no DNA was detected were the 
DMAE values considered valid. The minimum extraction time 
needed to remove all DNA was 15 min in man and 30 min in the 
great apes. The difference between TDM and DMAE represents the 
dry mass of extracted DNA (DNA-DM), The figure shows mean 
values of DNA-DM and TDM for each individual, and the esti- 
mated least-squares regression line. The latter passes close to the 
origin, suggesting that proportional changes in TDM are identical to 
those for DNA-DM. (The line should not of course be interpreted as 
a valid extrapolation beyond the range of the plotted points.) ©, 
Homo sapiens; (}, Pan SERR VY Pongo pygmaeus, Q, Gorilla 
gorilla. 


has even been suggested that fertilisation of a defective egg by 
diploid spermatozoa will give rise to a hydatidiform mole!®, and 
that 40%, of triploid embryos are a result of fertilisation of a 
normal egg by a diploid spermatozoon!!. 

Spermatozoal morphology has been shown to be a useful 
taxonomic guide in assessing relationships between other 
species'*. There is already evidence to suggest that man and 
gorilla are more closely related than any of the other great apes, as 
judged by their chromosomal karyotypes’*''*. Our data on the 
morphology of their spermatozoa lend further support to this 
conclusion. 
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Continuous growth and differentiation 
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of human myeloid 
leukaemic cells in suspension culture 


ATTEMPTS to develop long-term suspension cultures of 
human myeloid leukaemic cells have met with limited suc- 
cess. Lymphoblastoid lines carrying the Epstein-Barr virus 
genome occasionally arise during such attempts but these 
lymphoid cells originate from contaminating B lymphocytes 


and not from the leukaemic myeloid cells’. A line estab- 


lished from the pleural fluid of a patient with chronic 
myeloid leukaemia in blast crisis’ (designated K-562) has 
no B-cell or T-cell markers™* and does not seem to be of 
lymphoid origin‘. Its lack of morphological and histo- 
chemical differentiation’‘*, however, makes it difficult to 
determine whether these cells are derived from myeloblasts 
or more primitive stem cells‘. Another less documented cell 
line (8261) derived from the peripheral blood of a patient 
with acute myelogenous leukaemia showed apparent mor- 
phological and functional differentiation in agar in the 
presence of a feeder layer of peripheral blood leukocytes 
but did not differentiate in suspension culture’. Our labora- 
tory previously reported that cultures of differentiating 
myeloid leukaemic cells can be maintained for several 
months in suspension culture but only when enriched with 
conditioned media (CM) from certain monolayer fibro- 
blastic cultures of first trimester whole human embryos 
(ref. 6 and Ruscetti et al. in preparation), We describe here 
for the first time the derivation from myeloid leukaemic 
cells of a leukocyte culture that by morphological and 
histochemical criteria clearly and persistently differentiates 
along the myeloid series without an exogenous source of 
conditioned medium. 

Peripheral blood leukocytes (designated HL-60) from an 
adult female with acute promyelocytic leukaemia (clinical 
details of the case will be published elsewhere) were seeded 
in T30 plastic flasks (Falcon) at 1.25% 10° cells per flask in 
5ml of RPMI-1640 (GIBCO) medium supplemented with 
15% heat-inactivated foetal calf serum (Flow Labs) and 
gentamicin 50 ug ml. The flasks were incubated at 37 °C 
in a humidified 5% CO, atmosphere. A number of the 
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Fig. 1 Initial growth of HL-60 leukaemic leukocytes in suspension 
culture. After seeding the fresh peripheral blood leukocytes at 
2.5 x 10° cells per ml, weeklyehaemocytometer counts were done 
on aliquots of cell suspensions grown in the presence or absence 
of conditioned media derived from human embryonic cultures. 
The dotted lines indicate a culture split. During these early 
passages, cell counts were done only at fixed intervals and hence 
do not necessarily indicate the highest count during each p&ssage. 
TVL is a fibroblast culture of a 12-week human embryo lung. 
DHL is a fibroblastic culture of a 14-week human embryo 
lung. @, TVL-conditioned media; A, DHL-conditioned media; 
©, no conditioned media. 
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Table 1 Degree of differentiation of fresh uncultured HL-60 cells and cultured cells grown in the presence or absence of 
DHL-conditioned medium 


Segs* %, Per- 
Promye- Myelo- tbands oxidase 
Biasts locytes cytes tmetas positive 
Fresh HL-60 25 49 3 1 55 
Cultured HL-60 
Day 2+CM 19 69 7 4 97 
Day 2—CM 23 65 4 6 98 
Day 4+ CM 23 62 5 8 NT 
Day 4—CM 28 57 7 5 NT 
Day 8+ CM 28 56 7 6 98 
Day 8--CM 25 58 8 6 100 
Day 10+CM 22 62 8 7 NT 
Day 10—CM 28 57 6 8 NT 


% Sudan 
black Mono- Lympho- Eosin- Baso- Nucleated 

positive cytes cytes ophils phils RBCs 
NT 6 15 0 0 l 
95 l 0 0 0 0 
96 2 0 0 Q Q 
NT 2 0 Q Q 0 
NT 3 0 0 9 0 
96 3 0 0 () 0 
97 3 0 0 0 0 
NT l 0 0 0 0 
NT i Q Q 0 0 


Fresh cells, obtained by leukophoresis, were smeared and stained with Wright-Giemsa. Cultured cells at passage 9 were seeded in Falcon T30 
flasks at 2.5 x 10° per mi on day 0 in the presence or absence of CM. On the days after seeding as noted, the cells were mounted by centrifuging 
0.5-ml aliquots of the cell suspension at 500 r.p.m. for 5 min in a Shandon-Elliott SCA-0030 cytospin centrifuge. After Wright-Giemsa staining 
differential cell counts were performed. Peroxidase and Sudan black stains were performed according to techniques referenced in the text. NT, 


not tested. 


*Segs, segmented neutrophils; tbands, banded neutrophils; tmetas, metamyelocytes. 


flasks were supplemented with conditioned media (CM) 
derived from six different monolayer cultures of various 
first trimester and early second trimester foetal organs as 
previously described“, while control flasks contained no CM. 
After three weeks incubation leukocyte growth was noted 
in flasks containing conditioned media from two different 
human embryonic fibroblast cultures but not in those 
without CM or containing other sources of CM (Fig. 1). 
After splitting the leukocytes and further incubation, cell 
growth continued only in those flasks containing CM from 
a single lung embryo culture designated DHL (Fig. 1). 
After several more weeks, however, the cells continued to 
grow and differentiate along the myeloid series in the 
absence of any CM supplements. The cells required foetal 
calf serum for growth, the optimum concentration being 
20% in our culture conditions. When seeded in T30 flasks 
at 2.5x10° cells per mi the culture reached a saturation 
density of 2.5~3.0 x 10° cells per ml in 8-9 d with a doubling 
time of 55-60 h (Fig. 2). 

No evidence of mycoplasma contamination as determined 
by growth assay in agar’ has been present. Reverse trans- 
criptase assays of the supernatant culture media® as well 
as thin-section electron microscopy of fixed-cell pellets 
showed no evidence of type-C viral production or expression. 

Most of the cells when stained by the Wright~Giemsa 
procedure were myeloblasts and promylocytes with 
azurophilic granules*, but more mature myeloid cells (mye- 
locytes, metamyelocytes, bands and segmented neutrophils) 


Fig. 2 Continued growth of HL-60 cells in the absence of condi- 
tioned medium. The dotted lines indicate a culture split. 
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were also seen (Fig. 3a,b and Table 1). A small percentage 
of the cells resembled monocytes with blunt pseudopods, 
pale staining cytoplasm, and convoluted nuclei (Fig. 3c and 
Table 1). Differential counts of the cultured leukocytes 
remained quite similar throughout the growth phase of the 
cells (Table 1). Histochemical studies using stains specific 
for myeloid cells confirmed the myeloid nature of the cell 
culture with over 95% of the cells Staining positive for 
Napthol ASD chloroacetate esterase’, Sudan black“, and 
peroxidase" (Fig. 3d and Table 1). Although the patient’s 
peripheral blood leukocytes from which this culture was 
derived contained a significant number of lymphocytes 
(Table 1), no cells resembling lymphocytes are seen in the 
present culture. In agreement, T- and B-lymphocyte markers 
as determined by rosette formation with sheep erythro- 
cytes”, and complement-bound antibody-coated erytho- 
cytes" respectively, were negative. Tests for Epstein-Barr 
virus nuclear antigen (EBNA)" were also negative. 
Nucleated red blood cells, present in the patient’s peripheral 
blood cells (Table 1), were not seen in the cultured cells 
and benzidine stains for haemoglobin'’’ were negative. 
Similar morphological and histochemical differentiation has 
been noted throughout 30 passages of the cell culture over 
a period of 9 months. 

Chromosome studies of the cultured cells (passage 6) 
revealed aneuploidy with 27 of 40 metaphases examined 
showing 44 chromosomes and the remaining metaphases 
varying from 43 to 47 in number. A modal chromosome 
number of 44 was also observed in short-term cultures of 
fresh bone marrow obtained from the patient before 
therapy (J. M. Trujillo. personal communication). These 
cytogenetic studies together with the morphological 
similarity between the HL-60 cells and the patient’s 
leukaemic cells strongly suggest that the cells currently 
being cultured are of leukaemic cell origin. More detailed 
cytogenetic studies are in progress to confirm this point. 

It is unclear exactly what part the conditioned medium 
played in the origin of the HL-60 cell culture. Attempts to 
duplicate the experiment using frozen stocks of the patient’s 
fresh uncultured peripheral blood leukocytes were not suc- 
cessful. Also the DHIL-conditioned medium failed to 
Stimulate growth of samples of peripheral leukocytes 
obtained from 18 different myelogenous leukaemia patients, 
although none of these was of the promyelocytic variant. 
With the readdition of CM to the growing HL-60 culture, 
no changes in morphological appearance, histochemical 
staining, degree of differentiation (Table 1), growth rate, or 
saturation density were noted. The initial growth of the 
HL-60 cells only in those flasks containing CM could have 
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Fig. 3 Cytological and histochemical characteristics of 
HL-60 cells cultured in the absence of conditioned medium. 
a, Mature polymorphonuclear leukocyte surrounded by 
myeloblasts and promyelocytes containing cytoplasmic 
granules. Wright-Giemsa stain (x 1,000). b, Two pro- 
myelocytes with prominent cytoplasmic granules together 
with three metamyelocytes undergoing nuclear differentia- 
tion. Wright-Giemsa stain ( x 1,000). c, Single cell with blunt 
pseudopods, pale staining cytoplasm, and convoluted nucleus 
resembling a monocyte. Wright-Giemsa stain (x 1,000). 
d, Positive myeloperoxidase stain which histochemically 
confirms the myeloid mere oN appearance of the cells 
( x 1,000). 


been fortuitous, although further studies are required to 
assess the interaction of the DHL-conditioned medium with 
the HL-60 cells as well as with leukaemic cells from other 
patients with promyelocytic leukaemia. 
The presence of a cell culture that clearly differentiates 
along the myeloid series apparently without the addition 
of an exogenous source of inducer raises some intriguing 
questions regarding myelopoiesis in normal and leukaemic 
cells. It is generally assumed that normal stem cells will 
differentiate along the myeloid series only when influenced 
by specific microenvironmental factors, which may be 
similar to granulopoietin or colony-stimulating factor 
(CSF). Previous reports have described differentiation of 
certain murine and human myeloid leukaemic cells in both 
suspension" and agar™™, but only in the presence of 
appropriate conditioned media or of a ‘feeder layer’ of 
peripheral blood leukocytes. Hence the HL-60 myeloid 
cell culture described here seems to be unique in its ability 
to proliferate and differentiate without an exogenous source 
of inducer, These cells may indeed be autonomous with 
respect to differentiation. It is conceivable, however, that a 
certain subpopulation of these cultured cells is secreting 
factors regulating proliferation and differentiation of the 
remaining cells. Our investigations are directed towards 
isolating such a subpopulation as well as determining the 
response of the HL-60 cell culture to the known inducers 
of myeloid differentiation”. 
We thank Dr C. Tai of Biotech Laboratories, Rockville, 
Maryland who performed the initial cytogenetic studies on 
the HL-60 cell culture. 
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Non-random chromosome gains 
in human lymphoblastoid cell lines 


HuMAN lymphoblastoid cell lines derived from the peripheral 
blood lymphocytes of healthy donors are commonly diploid 
when examined in the early months after establishment but 
acquire chromosome abnormalities on prolonged culture. 
Other lines, notably those derived from Burkitt's lymphoma 
tissue, may display chromosome aberrations from the out- 
set’, A partial translocation 8q-14q+ has been demon- 
strated in the majority of Burkitt lymphoma-derived lines*’* 
and data on the karyotypes of some human tumours suggest 
that non-random gains and/or losses of chromosomes may 
be a feature, in particular, of certain leukaemias and 
lymphomas’ "*. As the emergence of an aneuploid clone 
from a previously diploid lymphoblastoid line may be 
associated with other changes suggesting the development 
of a more ‘malignant’ phenotype", it is relevant to compare 
the chromosome aberrations detected in such lines with the 
human tumour data. We have therefore undertaken a study 
of banded karyotypes of eighty EB virus-carrying human 
lymphoblastoid lines, The first stage of this analysis is con- 
cerned only with gains and losses of whole chromosomes or 
chromosome arms and the data presented here establish 
that, considering all the lines together, there have been non- 
random gains of five autosomes (numbers 3, 7, 8, 9 and 12) 
and of the sex chromosomes. 

Most of the cell lines studied were originally established 
in this laboratory and all had been maintained in this 
laboratory for at least 6 months. The derivation of the lines 
and their ‘age’ in vitro are set out in Table 1. Chromosome 
analysis was carried out on photographs from quinacrine- 
stained metaphase spreads’. (A more detailed examination 
of chromosome breaks and translocations in these lines is 
in progress making use of G and R banded, in addition to 
quinacrine stained, preparations.) In most instances, serial 
studies have been made on the lines and the emergence of 
new chromosomally marked clones has been traced over a 
period of up to 6 yr’. Aberrations detected in only a single 
cell from a given preparation were ignored while any which 
recurred in successive clones (identified by additional chro- 
mosome markers) from a given line were scored only once 
for that line. Where a lymphocyte donor had a constitu- 
tional chromosome abnormality (Trisomy 21 or XXY, for 
example) the corresponding abnormality in the derived 
lymphoblastoid line was not scored as an aberration. There 
was rarely any difficulty in recognising duplication or defi- 
ciency of a whole chromosome or chromosome arm and in 
establishing that such a marker characterised at least a 
significant proportion of the cells of a given line. The 
number of photographs in which a particular abesration 
could be identified was usually between 6 and 20. 

The findings are presented in Fig. 1: 36 lines contribute 
to these data since eight lines listed as ‘aneuploid’ in Table 1 
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Table 1 Lymphoblastoid cell lines studied 





a No. Age < lyr Age > lyr 
Derivation of 
lines Diploid+ Aneuploid - Diploid Aneuploid | 
No lympho-reticular malignancyt 55 23 2 § 25 
Lympho-reticular malignancy § 17 i 0 2 i4 
Burkitt’s lymphoma 8 0 0 0 8 
Total 80 24 2 5 49 





*In vitro ‘age’ at latest karyotype analysis. Most lines have been followed serially since establishment. 


‘Status at latest karyotype analysis. 


tIncludes lines established from cord bloods, healthy adults, patients with infectious mononucleosis, carriers of constitutional chromosome 
aberrations (see text), and patients with cancer of bladder or gastrointestinal tract. 
§Includes lines from patients with acute and chronic leukaemias, myelofibrosis, and Waldenstrom’s macroglobulinaemia. Excludes 


Burkitt’s lymphoma. 


had internal rearrangements without substantial gains or 
losses and a further seven (including three from Burkitt’s 
lymphoma) were near-tetraploid. 

It is evident that gains occur much more frequently than 
losses. In fact apparent absence of a chromosome has always 
been associated with the presence of one or more unidenti- 
fiable abnormal chromosome whose total length is at least 
equal to that of the material otherwise unaccounted for. 
The only exception to this rule is the Y chromosome which 
was lost from two lines. The residual stemline in one is 
45.X. The other was derived from a 47,XXY Klinefelter 
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Fig. 1 Cumulative chromosome gains and losses in 36 lympho- 
blastoid lines. Each line trisomic for a given chromosome is 
recorded as a full circle to the left of that chromosome number; 
monosomy is indicated by a full circle to the right. Lines are 
grouped as in Table 1. Open symbols, lines from patients with 
no lymphoreticular malignancy; cross-hatched symbols, lines 
from patients with lymphoreticular malignancy, not Burkitt's 
lymphoma; filled symbols, Burkitt's lymphoma-derived fines. 
Partial trisomy or monosomy indicated by upper semicircle 
(shogt arm) or lower semicircle (long arm). In addition to gains 
or losses indicated, there were 19 unidentifiable abnormal 
chromosomes in the total sample, nine from four Burkitt's: 
iymphoma-derived lines, six among three lines from patients 
with non-Burkitt’s lymphoma lymphoreticular malignancy and 
one each in four other lines. 


syndrome patient and the two X chromosomes remain. In 
the same line there were gains of chromosomes 3, 8, I1 
and 12. 

Analysis of the total data shows that trisomy or partial 
trisomy for five autosomes and the sex chromosome pair 
occurs with remarkable frequency. Out of a total of 66 
additional chromosomes or chromosome arms, more than 
two-thirds (47) are accounted for by only 6 of the 23 pairs, 
numbers 3, 7, 8, 9, 12 and X +Y (treating the sex chromo- 
somes as one pair). On the null hypothesis that all pairs 
contribute equally to the additional chromosomes or chromo- 
some arms, it can be shown that the probability that six 
pairs account for at least two-thirds of them is less than 
107°. No single line is trisomic for all of these chromosomes 
but in four cases trisomy 12 is associated with an extra 
number 3, 8 or 9 and in one other line (mentioned above) 
there is trisomy for three of the five autosomes. 

The cultures examined include multiple (two to four) 
lines derived from the blood lymphocytes of each of seven 
donors. Given that the distribution of extra chromosomes 
in the total series of cultures is non-random, there seems 
to be no particular tendency for identical aberrations to 
recur in multiple lines from a single donor. Eight other 
lines were grown from the blood lymphocytes of patients 
with constitutional chromosome aberrations (45,X, 
47. XXY, 49,XXXXY, 47,XYY, trisomy 21 and balanced 
autosomal translocations). As a group they have shown no 
greater or lesser tendency to develop further aneuploidy 
in vitro than lines from chromosomally normal donors. 

Trisomy 7 has been noted in at least two fresh Burkitt 
lymphoma biopsies and in previously-described Burkitt lym- 
phoma cell lines’. Our data support the view that this 
aberration has a particular association with Burkitt’s 
lymphoma since trisomy 7 (in one case partial) was found 
in four of the five Burkitt lines which could be scored, 
Daudi, Namalva, Jijoye and RAJI. Three other lines, EB:, 
EB. and EB; are near tetraploid and rather variable in 
chromosome complement while EB, has four large abnormal 
chromosomes any of which may include a substantial part 
of an additional number 7. Our results show, however, that 
trisomy 7 is not restricted to Burkitt-derived lines and the 
same aberration has also been reported in two lymphosar- 
coma biopsies, in lymphoblastoid lines from lymphosar- 
coma and Hodgkin’s disease and in cultures of melanoma 
tissue*™*. 

Trisomy 8 has been observed with striking frequency in 
the acute phase of chronic myeloid leukaemia, in acute non- 
lymphatic leukaemia, in polycythaemia vera and in other 
myeloproliferative disorders. In all of these conditions except 
myeloid leukaemia. trisomy 9 also occurs more often than 
would be expected if extra chromosomes were distributed at 
random” ". There is thus some suggestion of concordance 
between specific chromosomes gains observed in cultured 
human lymphoblastoid lines and in malignancy, particularly 
when it affects the lympho-reticular system. On the other 
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hand, trisomy 3 or 12 do not seem to be characteristics of 
any human neoplasms reported so far and in acute leukae- 
mias loss rather than gain of one chromosome seems to be 
the norm’. Furthermore, there are several examples of 
non-random chromosome gains or losses in particular human 
tumours which do not correspond to the changes observed 
in our material’. 

The phenomenon of non-random chromosome gains in 
cultured human lymphoblastoid lines is established by this 
study. Its significance may be tested by planned experiments 
in xenotransplantation involving diploid and aneuploid cells 
from the same lines. 

We thank Professor M. A. Epstein (Bristol) for provision 
of cell lines, Mr Norman Davidson for photographic work, 
Mr Andrew Carothers for statistical analysis and Miss 
Karin Buckton for useful discussions. 
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Essential role of surface-bound 
chemoattractant in leukocyte migration 


Many chemotactic factors, usually proteins or peptides, have 
been isolated and studied, but little is known about the basic 
mechanism of leukocyte migration. This movement is termed 
chemotaxis if its direction is determined by substances in the 
cells’ environment!. The chemotactic agent is assumed to convey 
information to the leukocytes by interaction with receptors. 
The subsequent sequence of events thus triggered in the cells is 
unknown but metabolic changes such as activation of an esterase 
have been reported as occurring as the cells move forward (for 
review see ref. 2). A role for surface-bound chemoattractant in 
cell locomotion was suggested by the observation that mouse 
fibroblasts move preferentially from substrates of lesser to 
those of greater capacity to bind to cells?*. A close relationship 
has also been suggested between the mechanism of chemotaxis 
and phagocytosis®, In both cases cells form protrusions of 
motile membrane which carry receptors for either chemoattrac- 
tants or opsonins. For example, such membrane protrusions 
have been shown to bind bacteria and also to attach to opsonised 
particles, through Fe receptors to IgG-Fe or through C3 
receptors to C3 fragments. Once initial contact is established 
during phagocytosis further membrane segments bind, en- 
abling the cell to creep around the bacterium until it is ingested. 
We report here that using casein, a chemotactic agent in a 
standard chemotaxis assay", we have found that binding of 
casein to a solid substratum is essential for its attracting 
capacity. 

Two sets of microporous cellulose nitrate filters were prepared. 
To the first set 'l-casein (casein, from Merck, Darmstadt) 
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was dissolved in NaOH and adjusted to pH 7.35 by HC1) was 
bound in a dose-dependent manner (Fig. 1) by incubating the 
filters for 10 min at room temperature with casein concentra- 
tions ranging from 0.5 to 6mg mi~., Unbound casein was 
removed by placing the filters in a suction device and washing 
with 25 ml of Hank’s balanced salt solution (HBSS), after 
which no additional }**I-casein could be eluted. The second set 
of filters was treated with HBSS only. To test for surface- 
bound chemotactic factors, the filters were placed in modified 
Boyden chambers’:’. The upper compartments were filled with 
a suspension of 2 10" guinea pig peritoneal granulocytes, 
which were collected 18-22 h after injection of glycogen 
(0.1 24, w/v), and the lower compartments were filled with either 
HBSS (casein-treated filters) or increasing amounts of casein 
(HBSS-treated filters). In the latter case, the casein concentra- 
tions in the lower compartments were the same as those used to 
prepare the casein-treated filter. After incubation for 90 min at 
37 °C the distance migrated by the granulocytes into the filter 
was measured. 


mg) 





Casein bound per filter { 


| 3 5 
Casein (mg ml~! ) 


Fig. 1 Uptake of casein by cellulose nitrate filters. Cellulose 
hitrate filters (3 pm pore size, 25 mm diameter, type AE97, 
Schleicher & Schüll) were incubated (10 min at room tempera- 
ture) in 2 ml of solutions containing increasing concentrations of 
125].labelled casein. The filters were then placed in a suction 
device (type FN 023/0, Schleicher & Schill) and 25 ml of HBSS 
were passed through the filters. Based on the amount of radio- 
activity bound per filter, the total amount of casein attached to 
the filter was determined. 


With casein concentrations of approximately 3 mg mi~}, 
almost identical migration distances were obtained (Fig. 2) 
whether the filters were preincubated in casein solutions (first 
set) and used without further addition of casein to the Boyden 
chamber, or whether the filters were initially free of casein 
(second set) and used in the test by adding casein to the lower 
compartment of the chamber. At casein concentrations of 0.5 
and | mg mi! the granulocytes in the first set of filters were 
found to have migrated slightly longer distances than the 
granulocytes in the second set of filters. Concentrations of 
casein higher than 3 mg ml ~ led to opposite results for the two 
sets of filters. While with the first set of filters a slight increase 
in migration distance was observed (Fig. 2), the second set 
yielded a continuous decrease of the migration distance in 
parallel with the increase in casein concentration in the lower 
compartment. This reduction distance can therefore only be 
attributed to the presence of casein which was not bound to the 
substratum. These experiments were repeated 10 times and 
showed a clear reproducibility. If purified casein was used for 
the experiments instead of the commercially available casein, 
similar results were obtained with filter-bound casein whereas 
in the standard chemotactic assay higher casein concentrations 
were required to affect inhibition of migration (data not sħown). 

To confirm the role of surface-bound chemoattractant, filters 
soaked with a solution of 2.5 mg '**l-casein per ml and washed 
in HBSS, were incubated for 20 min at 37°C with solutions of 
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Fig. 2 Effect of filter-bound casein on leukocyte migration. Cell- 
ulose nitrate filters prepared as described in the legend to Fig. | 
were used in the Boyden chamber with 1 ml of 2 x 10° guinea pig 
peritoneal granulocytes in the upper compartment and HBSS in 
the lower compartment (1). For controls, filters preincubated in 
HBSS instead of casein were used with solutions of increasing 
casein concentration in the lower compartment (@). Along the 
abscissa the casein concentrations are indicated which, in the 
case of the first set of filters (CJ), were present during the pre- 
incubation and, in the case of the control filters (@), during the 
actual migration test. 


increasing concentrations of papain (1 x 10~*-- 1 mg mi~?) and 
the papain-induced release of casein from the filter was followed 
(Fig. 3). It was found that increasing concentrations of papain 
led to increasing release of radioactive material and, simul- 
taneously to decreasing migration distances. In control experi- 
ments it was shown that preincubation of the filter with papain, 
followed by washing with HBSS had no effect on the migration 
of the leukocytes towards the casein in the lower compartment. 
Thus we could exclude the possibility that any papain remaining 
in the filters after the washing procedure would interfere with 
migration of the cells. 

These results suggest that filter bound casein has the essential 
role in the promotion of casein-induced leukocyte migration, 
and that casein in free solution may even be inhibitory. Whether 
this is due to receptor blockade or to toxic effects is not clear. 
From our experiments with purified casein, the latter possibility 
seems to be more likely. It is also important to establish 
whether other chemoattractants behave like casein. If this is a 
general characteristic, cells responding to a chemotactic stimulus 
could be envisaged as creeping along by holding on to surface- 
bound chemoattractants with special receptors or receptive 
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Fig. 3 Reduction of casein-dependent leukocyte migration by 
pretreatment of the '™*I-casein-coated filters with papain. Filters 
incubated in a solution of 2.5 mg '"I-casein per ml and washed 
in BSS were incubated 20 min at 37°C with solutions of 
increasing concentrations of papain (abscissa) containing appro- 
priate amounts of cystein. Then the filters were washed and the 
release of radioactivity was determined (<)). The same filters 
were tested for leukocyte migration (©). 
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sites. Binding of fluid phase reagents to the same cell receptors 
might result in blocking the interaction of these receptors with 
the surface-bound material. Also, fluid-phase reagents might 
bind first to the cell receptors, and thereby promote secondary 
binding to a nearby surface, or they might stimulate cells to 
secrete factors with functional characteristics similar to those 
of casein. This is not so far fetched, as we have observed that 
supernatants obtained by incubating leukocytes for 30 min at 
37°C in HBSS contain substances which, like casein, modulate 
filters so that they now can induce the locomotion. 

According to this view, leukocytes migrating in vivo would 
be crawling along tissue surfaces coated with chemoattractants. 
By analogy with fibroblasts?‘ the cells would migrate to where 
there was a greater amount of attractive substances fixed per 
unit surface area which would coincide with a tighter binding. 
This is supported by preliminary experiments with filters to 
which casein was not attached uniformly but with an increasing 
concentration from one side to the other (unpublished results). 
This movement would only be possible if unoccupied receptors 
could be made available continuously at the leading edge of the 
cell or on the protrusions actively reaching out from the cell 
body searching for sites of attachment. Therefore the cells must 
either be able to synthesise new receptor sites or to re-use the 
already existing ones. Harris’s concept® that the surface proteins 
in moving cells continuously circulate within the membrane 
from the front of the cell to its trailing end, then become 
internalised and, after a hypothetical passage through the 
cytoplasm, become incorporated again into the front section of 
the cell, seems to be most attractive. It is possible that pro- 
teolytic activity might be involved in freeing the receptors from 
the bound substance, since chemotactic factors are known to 
induce release of lysosomal enzymes? ~!?, 

We thank Dr P. Henson for helpful discussion and Miss 
Jutta Scholtka and Miss Helga Braun for technical assistance. 
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Membrane-bound H-2 and H-Y 
antigens move independently of each other 


On exposure to foreign antigens, mouse T lymphocytes can 
be stimulated to mature into cytotoxic cells able to kill 
target cells carrying these antigens'*. Killing is restricted to 
cells bearing, in addition to the foreign antigen, the same 
H-2K or H-2D antigens as the stimulating cell. Cells 
bearing different H-2 antigens are not killed. To kill a 
lymphocyte, two recognition steps are necessary: one 
involving the foreign antigen and another involving H-2 


Nature Vol. 270 24 November 1977 


antigens. This associative recognition has been demon- 
strated for many antigens and must be considered a general 
phenomenon. Two opposing views have been proposed to 
explain the associative recognition’. According to the 
altered-self hypothesis, the antigen links up on the cell 
membrane with H~2 molecules and the complex of anti- 
gen plus H-2 is then recognised by a single receptor on a 
T lymphocyte. According to the dual recognition hypo- 
thesis, each T lymphocyte has two receptors, one for the 
antigen and the other for H-2, and it is the combination of 
the two receptors on each cell that is responsible for the 
associative recognition. The strongest evidence in favour of 
the first hypothesis is the report of a physical association 
between antigens and H--2 (see, for example, ref. 6). The 
link-up of the antigen to H-2, however, might not be 
related directly to the associative recognition, but 
rather reflect some other phenomenon in the membrane, 
in which case there should be examples of associative 
recognition without a linkage between the antigens. We 
present evidence for such an association. 

Associative recognition has been demonstrated for H-Y, 
the male-specific antigen. Gordon et al’ showed that 


cytotoxic effector cells which are able to lyse male target 
cells carrying the same H-2 haplotype as the females 
(H-2°). According to the altered-self hypothesis, the H-Y 
and H-2 should form supramolecular complexes that, in the 
membrane, redistribute together when exposed to either 
H-Y or H-2 antibody. We tested this assumption as 
follows. We incubated C57BL/6 (H-2") male thymocytes 
at 37 °C with either anti-H—2.33 or anti-H-2.2 (or both sera) 
which react with private antigens controlled by the H-2K’ 
and H-2D? alleles of the H-2 haplotype, respectively. We 
then stained the cells with rabbit anti-mouse IgG (RAMIG) 
serum conjugated with tetramethylrhodamine isothiocyanate 
(TRITCY. In these conditions most of the H-2 molecules 
were in a cap at one pole of the cell. We then applied to 
these capped cells the mouse anti-H~Y serum at 0 °C and 
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determined the distribution of the H-Y antibodies using 
goat anti-mouse IgG (GAMIG) conjugated with fluorescein 
isothiocyanate (FITC). If H-2 and H-Y were associated, 
then capping of H-2 should cause capping of H-Y. In this 
case, no H-Y should remain outside the H-2 caps (the red 
and green fluorescence of TRITC and FITC, respectively, 
should overlap and be seen only in the cap with the 
remainder of the cell not staining at all). If, on the other 
hand, H-2 and H-Y were not physically associated, there 
should be a red cap of H-2 and diffuse green staining of 
H-Y (and—in cases where the GAMIG antibodies find 
places on the cap unoccupied by the RAM/]G-—-possibly also 
green cap). 

The results are shown in Table 1. When B6 cells were 
first incubated at a capping temperature (37° C) with anti- 
H-2K.33 serum, about one-half stained specifically for 
the H-2K.33 antigen and in all of them the red TRITC 
stain had gathered in caps. (The thymocyte population 1s 
heterogeneous in terms of the degree of H-2 antigen 
expression; the weakly H-2 positive cells were classified as 
negative in the staining conditions used in this experiment.) 
When these cells were re-exposed to the same antiserum 
(anti-H-2K.33) in non-capping conditions, no additional 
staining could be picked up by the FITC-GAMIG anti- 
serum. On exposure to anti-H-2D.2 or to anti-H-Y serum, 
however, 50 and 60% of the cells, respectively, picked up 
diffuse green fluorescence. These percentages closely cor- 
respond to the percentages of cells reacting with the two 
antisera in a situation where anti-H-2K.33 was replaced by 
a medium. We conclude, therefore, that capping of H-2K.33 
did not result in any significant capping of H-2D.2 or H-Y. 
Similar results were obtained when the anti-H-2D.2 serum 
was used first and the anti-H-2K.33 and anti-H-Y sera 
second. In this instance the three antigens again redistri- 
buted in the cell membrane independently of one another. 
When the cells were incubated at 37 °C with a mixture of 
anti-H~2K.33 and anti-H--2D.2 sera, virtually no cells with 
diffuse green fluorescence were found after re-exposure at 


Table 1 Redistribution of H-2 and H-Y antigens after treatment of C57BL/6J male thymocytes with corresponding antisera 


Reta naan rrr hn rert LATA SM AIA AAAA aa raea Sead 


First treatment Second treatment 


No. of cells °% Of cells stained with TRITC °% Of cells stained with FITC 


Redistributed Diffuse Redistributed Diffuse + caps 


(37 °C) (0° to 44°C) counted 


Anti-H-2K.33 + TRITC-RAMIG Anti-H-2K.33 208 100 (48) 0 100 (48) 10 (5) 
+ FITC-GAMIG* 

Anti-H-2D.2 222 100 (45) 0 24 (11) 111 (50) 

Anti-H-Y 312 100 (32) 0 31 (10) 186 (60) 

Medium 250 100 (40) 0 100 (40) 15 (6) 

Anti-H-2D.2 + TRITC-RAMIG Anti-H-2D.2 2 100 (50) 0 98 (49) & (4) 
Anti-H~2K..33 200 104 (52) 0 22 (11) 116 (58) 

Anti-H~-Y 230 99 (43) 0 §1 (22) 127 (55) 

Medium 208 100 (48) 0 100 (48) 8 (4) 

Anti-H-2K.33 + Anti-H-2D.2 Anti-H-2K.33 185 100 (54) 0 100 (54) ii (6) 
4 TRITC-RAMIG Anti-H-2D .2 160 100 (63) 0 100 (63) 18 G1) 
Anti-H-Y 138 100 (72) 0 41 (30) 94 (68) 

Medium 200 100 (50) 0 106 (53) 8 (4) 

Medium Anti-H-2K .33 100 ~ -~ 9 (9) 77 (17) 
Anti-H-2D.2 100 ~ — 12 (12) 79 (79) 

Anti-H-Y 109 ~ ~ 5 (6) 57 (52) 

Medium 100 - _ 2 (2) 0 (0) 
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Thymuses were removed without parathymic lymph nodes. Cell suspension was prepared by pressing the organ through a stainless-steel 
sieve (50-mesh) into Eagle’s essential medium (GIBCO) containing 20%, heat-inactivated foetal calf serum and cycloheximide (100 ug mi~'), pH 
7.4-7.6 (hereafter referred to as ‘medium’). Cells were washed twice and resuspended in the me 
suspension containing 5 x< 10° cells were distributed into small tubes and centrifuged. Alloantiserum or medium, 50 pl, was‘added to the packed 
cells, resuspended cells were incubated for another 30 min at 37 °C. After one washing, incubations with alloantiserum (medium) and TRITC- 
RAMIG were repeated once more. For the second treatment, the cell suspensions were divided into four tubes and transferred to an ice bath. The 
packed cells were incubated for 30 min with alloantiserum or medium, and, 
incubation, cells were washed three times at 0° with medium and fixed with t2 
suspension was placed on microscope slide, allowed to dry, and mounted in 90 


. 


rescence microscope equipped with a Ploem epi-illumination system. Antisera were as 
anti-H-2D.2: [(C3H/HeJ x B10.D2(R107)]F, anti-BIO.A(4R); anti-H-Y: CS7BL, 
elsewhere®: anti-H~Y serum was prepared by inoculating CS7BL/6 females every 2 weeks with 25 x 10°C57BL/6J male spleen cells i.p., and the 
antiserum was obtained 10 d after the seventh inoculation. The activity of H-2 and H 


phocytes’ and spermatozoa”, respectively. 


*In all ‘second treatments’ cells were incubated with FITC-GAMIG after initial incubation with alloantiserum or medium. 


dium. For the first treatment, aliquots of thymocyte 


after one washing, with FITTC-GAMIG for 30 min. After the last 
paraformaldehyde in phosphate buffered saline. A drop of the cell 
glycerol. The slides were scored using a Leitz Ortholux IT fluo- 
follows. Anti-H-2K.33:(B10.D2 x A)F, anti-B10. AGR); 
6J anti-C57BL/6J. The H-2 sera were produced as described 


-Y antisera was determined by cytotoxic test against lym- 
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0°C to either of the two antisera separately: all the 
detectable H-2 antigens were capped. But the cells still 
stained diffusely after exposure to H~Y antiserum. The per- 
centage of the cells with green diffuse fluorescence was 
once again comparable to that in the aliquots treated first 
with medium and then with anti-H~Y serum. We conclude, 
therefore, that complete capping of H-2 antigens has no 
detectable effect on the distribution of the H-Y antigen: 
the two types of antigen apparently are not linked in the 
cell membrane. This conclusion, however, requires at least 
two qualifications. First, it is possible that while the majority 
of H-Y molecules are not associated with H-2, a small 
number are; the latter might not be detected by our method. 
Second, H~2 and H~Y molecules might be associated before 
the exposure to antibodies and the antibody might break 
such bonds. Assuming that neither of these two qualifica- 
tions applies, one has to conclude either that the H—Y assoc- 
iative recognition is a special case and its mechanism is 
different from associative recognition of other antigens, or 
that linkage between the antigen and H-2 is not required 
for the recognition to occur. Since we find little evidence 
to support the former possibility, we favour the latter. Our 
finding does not, however, resolve the dispute between 
altered-self and dual recognition. It is possible, for instance, 
that what is needed for recognition to occur via a single 
receptor is that the H-2 and H-Y (or other antigens) come 
close to each other in the membrane. With the membrane 
being in a semifluid state, there is ample opportunity for 
such an event to occur. 
We thank Dr Rolf Zinkernagel for discussion. The work 
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Rate of offset of action of slow-acting 
muscarinic antagonists is fast 

ATROPINE generally behaves as a competitive antagonist of 
acetylcholine (ACh) at muscarinic receptors! but its onset and 
offset of action are slow. It has been suggested that the rates of 
onset and offset of atropine blockade are determined by the rates of 
binding to and dissociation from the ACh receptor*?'!° a 
suggestion which at first sight seems incompatible with com- 
petitive blockade. An alternative explanation is that access of 
antagonist (in contrast to agonist) to the receptors, and escape 
from their vicinity on washing, is delayed or impeded in some 


, Simpson, E. & Samelson, L. E. J. exp. Med. 142, 1108--1120 


W., Cunningham, B. A. & Edelman, G, M, Proc. natn. Acad. Sci. 


Geih, Po ulik, M. D., Vitetta, E. S., Kearny, J. F. & Klein, J. J. Immun. 
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way! l-15, Experiments in which atropine is applied to a small 


superficial region of the tissue would seem to offer the best chance 
of reducing this access factor to a minimum and help in deciding 
which explanation for atropine’s slow action is correct. The 
iontophoretic method presents itself as the method of choice, but 
until now, no such experiments have been carried out. The results 
of this type of experiment carried out on smooth muscle are 
described here. They reveal that the rate of offset of blockade by 
slow acting muscarinic antagonists can be more than ten times 
faster than that seen when antagonists are applied by their addition 
to the solution bathing (or perfusing) the muscle. 

The 1ontophoretic application of ACh (typically using a 50-nA, 
2,5-nC pulse) usually elicited a monophasic depolarisation with a 
latency of 0.1-1 s (Fig. 1) although bi- and polyphasic responses 
were also observed'®. The sensitivity to ACh was tested every 
16-20 s, or occasionally every 8 s, and in stable preparations the 
response varied little. Three muscarinic blocking agents were 
studied for their effects on the ACh (or carbachol) response. These 
were: atropine sulphate, (2-benziloyloxyethyl) diethylmethyl am- 
monium iodide (the diethyl analogue of lachesine'’, DE lach) and 
the partial agonist hexyl trimethyl ammonium iodide (hexy! 
TMA)*''*. DE lach resembles lachesine except that one of the 
quaternary nitrogen methyl groups is replaced by an ethyl group. 
This marginally increases its potency'”. The release of any one of 
these substances from the other barrel of a double-barrelled 
jontophoretic pipette could reduce or abolish the response to ACh 
or other muscarinic agonist (Fig. 1). If no further blocking agent 
was applied, the responses recovered their former size at a rate 
which was different for each drug. 





Table 1 Rate of offset of blockade by muscarinic antagonists 
Time (s)* 
No. of Half Full 
Antagonist experiments recovery recovery KAS?) 
Atropine 14 62415 216 424 ~ tix 103 
DE lach 10 21+1.6 4642.2 ~ 34x 103 
Hexyl TMA i 9 25 ~77x 103 





*Mean+$.e.m 


Pulses of antagonist were chosen which produced initially 
90--100%, reduction in the response to ACh or other agonist. To 
obtain a quantitative measure of the speed of offset of antagonism, 
the times from first re-appearance of the response to 50°% recovery 
or to full recovery, were measured in a number of experiments 
(Table 1). The effects of an atropine or DE lach pulse sufficient 
initially to nearly or completely abolish the response to ACh were 
completely absent on average after about 3.5 min and 45s, 


ANARAN 
Table 2 Summary of rate constants of offset of antagonist action as 
measured by various workers 





Antagonist Kast) Tissue Reference 
Atropine 03x10 Atria 2 
1.3x 107 Perfused heart 12 
L8 x03 Longitudinal muscle ileum 5 
0.3x10°3 Longitudinal muscle ileum 4 
0.9x 10 Longitudinal muscle ileum 13 

llx1l0°3 Taenia This work 
Lachesine 3.7x10°3 Longitudinal muscle ileum 5 
0.7 x10 Longitudinal muscle ileum 13 

DE lach 34x103 Taenia This work 


respectively, and recovery to half size was achieved at about | min 
and about 20 s. 

To facilitate comparison with the work of others, the time to 
half-recovery has been multiplied by the factor 1.44 to obtain the 
rate constant of offset of antagonism (Krr), assuming an exponen- 
tial decline of occupancy by blocking agent and a linear re- 
lationship between response and agonist dose!?. It is doubtful if 
these assumptions are strictly justified but the error involved is 
insignificant when compared with the rates of offset of blockade 
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200 nA 


10 uA DE lach 


10 mV | ls j 
Fig. | 


calibration). Depolarisation caused by the stimulation of the muscarinic rece 


Block of response to iontophoretic ACh by an iontophoretic pulse ol DE lach und tts subsequent recovery 





ü, Lowest trace (10 m\ 
ptors of smooth muscle by ACh (3.6 nC) released as indicated by the top 
iontophoretic monitor trace (200 nA calibration). Membrane potential was recorded intracellularly by microelectrode within 25 ym of the point ol 
application of ACh from one barrel of a twin-burrelled jontophoretic pipette with space! 


lhe membrane potential before each application of ACh 


was first hyperpolarised by passing inward current (middle trace and 10 pA calibration) to prevent spiking and contraction. This part of the record ts 


shown in g but is omitted in subsequent ones. Later responses to ACh were obtained at 8 s. D: 24s 


c 40s. d and 56s. e after DE lach (8 nC not shown) 


which was applied from the other barrel of the iontophoretic pipette. The preparation was a narrow longitudinal strip cut from the longitudinal 


muscle of the guinea pig caecum (taenia). The region of active muscle was further reduced by creating a ‘node’ of active muscle, perfused with 


isotonic physiological salt solution (composition given in ref. 17) at 35 


between two streams of de-ionised sucrose solution in a type of double 


sucrose-gap apparatus described previously 


given in the literature (Table 2), using muscle preparations bathed 
or perfused with solution containing the blocking agent. In 
general, previous measurements of the rate of offset ol blockade 
are atleast ten times slower (range 6-49) which argues strongly that 
in experiments described by others it is factors other than just 
dissociation from the receptors, which determines the rate of offset 
of blockade 


DI lach 
J () 
Ż | We 
Fa i 
7 ) | | 
Y $7 P 
a |a r, 
A 40) \ 
= 6U g š 
ar" e 
= 
= SU \ bad 
i) X 
~ 
i 100 ——E_e Ia 
() 10 20 30 40 50 60 
Time after DE lach release (s) 
Fig. 2 lime course of onset and offset ol blockade by [DI lach pulse 


(16 nC) constructed by combining measurements of the percentage 
reduction in ACh responses by some 39 separate DE lach pulses 
placed with varying time relationships to the AC h pulses. Standard 
errors (+) ure shown only for those points which are the mean ol 
measurements made on at least five reponses. The lines (fitted by eye) 
ure exponentials (t 3.7 and 13s). Notice that maximum block 
(about 85°.) by DE lach occurs some 5-10 s after release of DE lach 
from the pipette 


[he rate of offset of blockade by hexyl TMA was estimated by 
means of a series of applications of hexyl TMA placed in varying 
Lime relationships to agonist responses elicited every 20 s, and the 
Com- 
bination of the results obtained with 17 separate applications ol 
hexyl TMA in one experiment enabled it to be estimated that full 
recovery took place within about 25 s, and half-recovery within 9 s 
of application of a blocking pulse of hexyl TMA. The blocking 
action of hexyl TMA could only be demonstrated with large pulses 
(50-100 nC). Smaller pulses (10-20 nC) were observed to have 
only agonist acuon 

The simultaneous release of blocking doses of hexyl TMA anda 
strong agonist abolished the response to agonist immediately. This 


percentage reductions in agonist response measured 


was not the case with DE lach. Figure 2 shows the time course ol 
onset of DE lach blockade calculated from the results of 39 
separate DE lach applications to one preparation where the uming 
of blocking pulses of DE lach was varied with respect to regular 
ACh pulses. Blockade by DE lach took some 5-10 s to become 
maximal and then offset of blockade commenced. The onset ol 
blockade by atropine could not be studied in detail because it was 
generally found necessary to pass iontophoretic current for several 
seconds to release sufficient atropine to produce blockade 

The much greater rate of offset of antagonism by atropine and 
DE lach seen in the present experiments suggests that the 
muscarinic ACh receptors involved in the depolarising response 
may be relatively superficially placed, so that escape of antagonist 
from the immediate vicinity of the receptors does not determine the 
rate of offset of blockade. In such a case, the rates of offset ol 
antagonism (A,,,) seen here give lower limits for the dissociation 
rate constants (Å+) for the binding of atropine, DE lach, and hexyl 
TMA of ll x 10° *.34« 10 *,and 77x 10° >s~'*(Table 1). Ifitis 
assumed that the equilibrium constants (A, 4,) for atropine and 
DE lach are 1.1 x 10°“ and 1.4x 10 * M (refs, 4. 5 and 13) then 
the association rate constants (A,) will be 10 and 2.4x 10 M 
s ' respectively. These association rate constants are approach- 
ing the theoretical maximum for enzyme-substrate reactions ol 
about lO" M's! (ref. 21). This supports the hypothesis that the 
rate of offset of antagonism observed in these experiments may be 
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giving for the first time a true indication of the rate of dissociation 
of antagonist from the muscarinic receptor. a ee 
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Glutamate as transmitter 
of hippocampal perforant path 
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CERTAIN experimental manifestations of plasticity, such as 
habituation'~* and long-term potentiation?“ ~§ can be readily 
demonstrated at the perforant path-granule cell synapse in the 
fascia dentata, and these adaptations are believed to have 
behavioural counterparts. The perforant path—granule cell 
Synapse may thus serve as a model for investigating the simplest 
components of behaviour and intellectual function. Detailed 
Studies would, however, require knowledge of the transmitter 
used by the perforant path fibres. Quite apart from the problem 
of synaptic plasticity, identification of the perforant path 
transmitter would add substantially to our knowledge of 
excitatory transmitters in the central nervous system. Here we 
present pre- and postsynaptic evidence that these fibres use 
glutamate as their transmitter. 

We have previously shown that endogenous glutamate is 
released by dentate slices’ and hippocampal synaptosomes® in 
a manner characteristic of transmitter substances and that this 
release originates in part from the perforant path fibres”, These 
fibres do not release aspartate? or y-aminobutyrate (GABA), 
There was also a suggestion’, since confirmed", that the per- 
forant path boutons transport glutamate by a high affinity 
process. While these observations show that glutamate may be 
the transmitter at the perforant path—granule cell synapse, one 
could object that the slices and synaptosomes were depolarised 
only by chemical, and therefore non-physiological, stimuli and 
that no evidence has been presented implicating glutamate in 
the postsynaptic response. We have now shown that electrical 
field stimulation releases endogenous glutamate from slices of 
the fascia dentata and that a glutamate antagonist reduces the 
efficacy of perforant path stimulation. 

In eight experiments a longitudinal slice of the internal leaf 
of the rabbit fascia dentata was electrically stimulated while 
being continuously ‘superfused. When the slice was superfused 
with a physiological medium containing 2 mM free Ca?+, 
electrical stimulation elevated the rate of glutamate release 
by a maximum of 300~-1,200 pmol per 30s per mg protein. 
In three experiments one slice was superfused with normal 
medium and another with Ca®+-free medium supplemented 
with Mg?+ and Mn** to avoid membrane destabilisation 
(Fig. 1). Superfusion with a Ca?t-free medium reduced 
glutamate output in response to stimulation by 62, 78 and 90%. 
Thus electrical stimulation, like elevated K+ and veratridine’, 


Glutamate efflux. (pmol per 30 s per mg protein) 
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Fig. 1 Time course of glutamate efflux from a slice of fascia 
dentata in the presence and absence of Ca2*. In each experiment 
a single 0.35-mm_ thick longitudinal slice of the free edge 
(internal leaf) of the fascia dentata was cut from a dissected 
rabbit hippocampus and immersed in a physiological medium 
at 37 °C for 5-10 min. Then the slice was superfused with the 
same 37 °C-medium at } mi min™ in a 0.5-m! chamber 
equipped with spiral silver electrodes. During the period 
indicated by the dotted bar the tissue was stimulated at 100 Hz 
with 10 V square wave pulses of alternating polarity and 5 ms 
duration. Superfusate fractions were collected continuously, 
and their glutamate content was determined by a micro- 
enzymatic fluorometric method's. The figure shows results from 
one set of paired experiments. Solid lines, glutamate efflux into 
normal medium (2 mM free Ca2*): dashed lines, glutamate 
efflux into Ca** free medium (with 25 mM MgCl, and 0.1 mM 
MnCl,). 


releases glutamate from the fascia dentata in a Ca**-dependent 
manner. Since extracellular Ca?+ is required for transmitter 
release’?, but not for carrier-mediated efflux!*, this finding 
agrees with previous evidence" that the glutamate released 
from fascia dentata by depolarising stimuli originates mainly 
from presynaptic transmitter stores. 

The question remains as to whether the glutamate presumably 
released by stimulation of the perforant path fibres produces 
the excitatory postsynaptic potential (e.p.p.) recorded in the 
granule cell. Proof of this hypothesis requires the demonstration 
that glutamate and the perforant path transmitter exert 
physiologically and pharmacologically identical actions on 
the granule cell. As a first approach to this problem, we have 
examined the effect of the glutamate analogue. pL-2-amino-4- 
phosphonobutyric acid (APB), on perforant path responses 
in the hippocampal slice preparation’, APB competitively 


nenaon aan NNSS 


Table 1 Effect of APB on averaged responses to perforant path 
stimulation 


ae. 





Amplitude of extracellular negativity 
(% of control) 


APB Recovery 


i 3 5 10 min 1 3 5 10min 
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Semenar 


Responses of granule cell populations to perforant path stimul- 
ation were recorded as shown in Fig. 2. Amplitudes of these extra- 
cellularly recorded potentials were averaged over a period of 50s 
at the times indicated. Values are expressed as mean percentages 
of the averaged potentials recorded within the 50-s period immediately 
preceding the introduction of APB into the medium (+-s.e.m. for 
the number of slices in parentheses). In experiments without APB 
response amplitudes were averaged at comparable times after the 
beginning of stimulation. 
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and reversibly antagonises the action of glutamate tontophore- 
tically applied to invertebrate muscle fibres’ and in millimolar 
concentrations inhibits neuromuscular transmission. Since 
invertebrate motoneurones almost certainly use glutamate as 
their transmitter!?, APB seems to inhibit synaptic transmission 
mediated by glutamate. Accordingly, we stimulated the per- 
forant path fibres in the presence and absence of 2.5 mM APB 
and recorded the extracellular field potentials in the molecular 
layer of the fascia dentata. 

The results of one such experiment are shown in Fig. 2; 
When the perforant path fibres were continuously stimulated at 
0.2 Hz, a sizeable negative potential was recorded whose 
amplitude declined to some extent over a 22-min period 
(Fig. 2a), probably as a result of habituation??, Introduction 
of APB into the superfusion medium substantially reduced the 
amplitude of the potential within | min (Fig. 2b). The amplitude 
recovered just as rapidly upon return to normal medium and 
finally reached the habituated level. 

Table | summarises the variation of averaged extracellularly 
recorded potential amplitudes with time in the presence or 
absence of APB. By comparison with responses in normal 
medium averaged at similar times after the onset of stimulation, 
APB was seen to have been maximally effective within 3 min 
(46° reduction), and 3 min of washout was sufficient to terminate 


Amplitude (mV) 





0 5 10 15 20 
Time (min) 


Fig. 2 Reduction of perforant path responses by APB. Slices of 
0.7-mm thickness were cut transverse to the long axis of 
dissected hippocampi, and each was placed on a fritted poly- 
propylene disk within a superfusion chamber. Electrodes were 
lowered into the chamber, and then the slice was superfused at a 
rate of 2.5 ml min ™ with Elliott's medium’? warmed to 32 °C. 
When the slices showed synaptic activity (1-2 h Jater), a bipolar 
stimulating electrode was inserted into the perforant path where 
it passes through the subiculum and a micropipette recording 
electrode (G-12 MQ) into the perforant path terminal zone. 
The perforant path fibres were stimulated continuously with 
square wave pulses of 0.05 ms duration at 0.2 Hz and an intensity 
just below that which evoked a population spike. a, Amplitude 
of every second extracellularly recorded synaptic potential 
(dots) in a single experiment without drug; b. results of an 
experiment in which 2.5 mM APB was present in the medium 
during the period denoted by the open bar. Examples of recorded 
potentials are shown at the times they were evoked. 
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the effect of the drug. This result indicates, as expected, a 
readily reversible antagonism. 

To determine whether APB exerted merely a local anaesthetic 
action, we determined its effect on the antidromic potential 
elicited by stimulation of the mossy fibres (granule cell axons). 
In four experiments APB did not alter the amplitude or form 
of the extracellularly recorded potentials, thus ruling out the 
possibility that APB acted by reducing the excitability of the 
granule cells. Also in several experiments APB was seen not to 
affect presynaptic fibre potentials. 

APB probably did not act on the presynaptic boutons, since 
at 2.5 mM it did not reduce the quantity of glutamate released 
by elevated K * or affect the high affinity transport of glutamate. 
It, therefore, seems to exert its effect at the postsynaptic level, 
suggesting a pharmacological identity between glutamate and 
the perforant path transmitter. This conclusion must be 
tentative, however, until it can be rigorously shown that APB 
acts as a glutamate antagonist at this particular synapse. 

The results of this and previous studies suggest that perforant 
path boutons release glutamate from a transmitter store and 
that the glutamate so released might then depolarise the granule 
cell, Thus, glutamate is most likely the transmitter used at the 
perforant path-granule cell synapse. Our results with APB, 
moreover, suggest that this antagonist will prove a useful tool 
in dissecting the mechanisms which underlie synaptic plasticity 
at this site. 
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Regulation of prolactin 
release by endogenous opiates 


ENporpHins, the endogenous peptides recently isolated and 
identified in brain have been implicated in regulation of 
paini. But their wide distribution throughout the brain’ 
and their profound behavioural effects after centrat adminis- 
tration’ suggest an involvement in other central nervous 
system processes. Iimmunohistochemical identification of 
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these endorphins (refs 9, 10 and F. Bloom, personal com- 
munication) in hypothalamic neurones indicated that 
neuroendocrine effects are probable. Morphine was pre- 
viously reported to block ovulation, while more recently, 
morphine’ and endorphins ™ were observed to stimulate 
release of prolactin and growth hormone. Yet, these obser- 
vations have not established a direct, tonic participation of 
endorphins in hypothalamic and anterior pituitary function. 
The absence of any direct action of opiate antagonists has 
been taken as an argument against any tonic role of 
endorphins. Recent reports indicate, however, that opiate 
antagonists do modify on-going central processes. For 
example, naloxone and naltrexone lower pain threshold in 
appropriate conditions in man and experimental animals, 
Using naltrexone as a tool to block opiate receptor function, 
we have explored whether endorphins are tonically involved 
as a putative neurotransmitter in the regulation of pro- 
lactin release. The results presented here demonstrate a 
new instance where an opiate antagonist modifies normal 
function. The data agree with a preliminary report indi- 
cating that naloxone reduced prolactin release in immature 
female rats’. 

As shown in Table 1, naltrexone at a dose of | mg per kg 
body weight produced a 50% decrease of serum prolactin 
concentration of male rats in 20 min. This decrease lasted 
for more than 2h and was observed when blood was col- 
lected by decapitation or by cardiac puncture. The pro- 
lactin decrease elicited by naltrexone was the same in rats 
with a deafferentated hypothalamus (Table 1), so we infer 
that the inhibition of prolactin release reflects a direct 
effect of naltrexone at the hypothalamic—pituitary level. 
Large amounts of -endorphin are reported to be present 
in the pituitary”. We have examined whether naltrexone 
inhibits prolactin release from isolated pituitary gland in 
vitro, When pituitary halves were incubated without or 
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with naltrexone in concentrations up to 107‘ M, the prolactin 
release was similar in the treated and untreated halves. The 
ability of naltrexone to reduce prolactin release stimulated 
by various mechanisms was also studied. The models used 
were: (1) chronically elevated prolactin release in oestrogen- 
primed ovariectomised rats; (2) prolactin release elicited by 
foot shock in male rats; (3) prolactin release elicited by 
intrahypothalamic injections of B-endorphin in intact rats 
or by systemic injection of morphine in deafferentated rats: 
and (4), prolactin release elicited by a dopamine receptor 
blocker or monoamine depletor. | 

As shown in Table 1, naltrexone had different effects in 
these four models. In oestrogen-primed ovariectomised rats, 
naltrexone at 0.25 mg per kg intraperitoneally (i.p.) pro- 
duced a significant (48%) inhibition of serum prolactin 
concentration. Doses of naltrexone of 1 or 5 mg per kg i.p. 
produced approximately a 60% decrease of hormone 
secretion. In addition, naltrexone is a very powerful 
inhibitor of the prolactin release occurring after foot shock 
(Table 1). It has been reported that intraventricular or 
systemic injection of -endorphin or morphine stimulates 
the release of prolactin in rat”. To demonstrate that 
naltrexone acts in the hypothalamus to interfere with the 
opiate receptor agonist, we injected B-endorphin into the 
mediobasal hypothalamus (cannula placement was verified 
histologically) and naltrexone i.p. The release of prolactin 
induced by I ug of B-endorphin can be blocked by I mg 
naltrexone per kg, i.p., injected 10 min previously (Fig. 1a). 
Similarly, the increase of serum prolactin induced by mor- 
phine in animals with a deafferentated hypothalamus was 
blocked by naltrexone (Fig. 1b). In contrast, naltrexone 
failed to inhibit the prolactin release (see Table 1) elicited 
by haloperidol, a powerful inhibitor of dopamine receptors 
or by reserpine, a depletor of central monoamine stores. 

These observations show that B-endorphin stimulates 
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Table 1 Effects of naltrexone on prolactin (PRL) release ` 


Method of blood Naltrexone PRL (ng mi~’) l 
Model Sex sampling (mg per kg) Before After 7o Change 
treatment treatment 

Intact (n= 8) M Decapitation 0 11-+-3.2 

I 3.6-+1.5* 32 
Intact (n = 9) M Ether~cardiac puncture 0 28+ 5.4 35+ 12.3 125 

0.25 36-4- 5.2 26+ 5.3 87 

1.0 27+3.7 18+-4.4* 54 

5.0 3545.3 17+ 3.8* 49 
Hypothalamic deafferentation (7 = 6) M Ether—cardiac puncture 0 22+4.7 19-5 9] 

I 20+ 3.1 8.7 -+-3* 42 
Oestrogen primed ovariectomised (n = 6) F Ether-cardiac puncture 0 180 66 230 +40 126 

0.25 1804.49 85 +. 53* 52 

1.0 240 -+44 130 47* 43 

5.0 220 = 58 90 = 21* 33 
Foot shock (7 = 9) M Decapitation 0 73 -+5.4 

| 31 +5,7* 42 
Haloperidol (0.25 mg per kg i.p) (7 = 7) M Decapitation 0 68 37.9 

l 55-43 8] 
Reserpine 2 mg per kg i.p. (a = 9) M Decapitation 0 44-3 

l 45 -+ 102 


Intact, Sprague-Dawley, male rats (180-250 g body weight), deafferentated male rats 6-15 d after hypothalamic isolation® or ovariectomised 


female rats (30 d after surgery) primed with 5 ug oestradiol benzoate for 5d were used. M 


ale rats given haloperidol (0.25 mg per kg, i.p.) or 


reserpine (2 mg per kg, i.p.) were used 45 min and 6h later. Foot shock (1 mA, l-s shock per $s) was administered for 10 min immediately 
before killing. Blood samples were collected by decapitation 20 min after Lp. naltrexone or 0.85°,, NaCl injection or in other cases. by cardiac 
puncture under light ether anaesthesia before and 20 min after naltrexone or vehicle injection. Serum was separated after overnight clotting at 
4 C. Prolactin was measured using the NIAMD rat prolactin radioimmunoassay kit provided by NIAMD-NIH Pituitary Hormone Program. 
Mean seram prolactin (PRL) concentration of naltrexone treated rats was compared to control rats and considered significantly different if 


P <0.05, Treatment effects are described as x serum prolactin conce 


100 when rats were decapitated. In experiments where pre- 


controls - 


°„ was calculated for each rat and mean percentages (post/pretreatment - 


ntration of naltrexone treated rats/x serum prolactin concentration of 
and post-treatment samples were collected, a post-treatment/pretreatment 
100) were then calculated for each group. In this group statistical sig- 


nificance was evaluated according to the Student’s paired 7 text. 7, No. of animals per group, *P <0.05, 
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Fig. 1 a, Male rats (150-180 g) were 50 
implanted with a guide cannula 
in the mediobasal hypothalamus 
(4mm A-P, 0.5 L, 8.6 D-V; Konig 
and Klippel®*) and injected 3-5d 40 
later with endorphin or vehicle in a 
volume of | ul in 2 min. Naltrexone 
(1 mg per kg, i.p.) or 0.85% NaCl 
was given 10 min before endorphin 
injection. Blood was collected by 
decapitation. Cannula position was 
verified histologically after decapi- 
tation. b, Male rats (250-300 g) 
were used 8-!6d after hypo- 20 
thalamic isolation®. Rats were 
given, systemically, naltrexone in 
0.85% NaCl and morphine sulphate 
or 0.85 °% NaCl at 10 min and blood 
was collected by cardiac puncture 10 
under light ether anaesthesia. Com- 
pleteness of deafferentation was 
determined from histological sec- 
tions of the brain. PRL, prolactin; 
u-END, a-endorphin; B-END, §- 
endorphin; NTX, naltrexone; 
MOR, morphine. 


30 


PRL (ng/ml) 


Control 


prolactin release by activation of opiate receptors. More 
importantly, these experiments indicate that the release of 
prolactin in physiological conditions can be reduced by a 
blockade of opiate receptors and suggest that endogenous 
opiate receptor ligands participate tonically in the regula- 
tion of anterior pituitary hormone secretion during basal 
conditions or when release is stimulated by oestrogen or by 
excitation of the hypothalamus as during stress. 

In agreement with histoimmunological localisation of 
endorphins (refs 9, 10, and F. Bloom, personal communi- 
cation) the action of these peptides can be located in the 
mediobasal hypothalamus. Naltrexone fails to inhibit the 
prolactin release from the pituitary but it is effective when 
the mediobasal hypothalamus is attached to the pituitary. 
It seems that the arcuate nucleus median eminence dop- 
aminergic tract may be involved in the action of opiates 
since its inactivation pharmacologically prevents the action 
of naltrexone on prolactin release. Indeed, Ferland ef al.” 
have shown that enkephalin may affect these dopaminergic 
neurones. It is possible that endorphins and dopamine 
regulate prolactin release according to an arrangement in 
which the two neurones act in series. Although further 
studies are needed to establish the precise role of hypo- 
thalamic endorphins in the regulation of prolactin release, 
these experiments provide strong evidence suggesting their 
participation. 

L. GRANDISON 
A. GUIDOTTI 
Laboratory of Preclinical Pharmacology, 
National Institute of Mental Health, 
Saint Elizabeths Hospital, 
Washington, DC 20032 


Received 16 August; accepted 26 September 1977. 


Loh, H, H., Tseng. L. F.. Wei, E. & Li. C. H. Proc. natn. Acad. Sci. U.S.A. 78, 
38952898 (1976). 

2. Hughes, J. et al. Nature 258, 877-579 {1975}. 

3. Ling, N. & Guillemin, R. Pror, natn. Acad. Sci, U.S.A. 73, 3308-3310 1976). 

4. Belluzzi. J. D. e7 al. Nature 260, 265-266 (1976). 

s. Simantov, R. & Snyder, S. H. in Opiates and Endogenous Opioid Peptides (ea. 
Kosterlitz. H.) 41-48 (Elsevier, Amsterdam, 1976). 

6. Wahtstrom, A, Johansson, L. & Terenius. L. in Optates and Endogenous Opioid 
Peptides (ed. Kosterlitz, H.) 49-56 (Elsevier, Amsterdam. 1976). 

7. Yang. H.-Y.. Hong, J. 5. & Costa. E. Nevropharmacalogy 16, 303-3071 1977). 

8. Bloom, F.. Segal. D., Ling, N. & Guillemin, R. Science 194, 630-632 (1976). 

9, aren Hokteit. T.. Johansson, O. & Terenius, L. Neuroscience 1, 349-333 
(1976). 

t0. Simantov. R.. Kuhar. M. 3. URL G. R. & Snyder, $. H. Proc. natn. Acad. Sci. 

U.S.A. 74. 2167-2171 (1977). 


10 ug 
a-END fB-END f-END 


359 


MOR MOR 
+ 


4 NTX 


lug lug Control 


HL kiTa R., Harms, P, G. & McCann, S$. M. Endocrinology 95, 1694-1703 

H2. Rivier, C., Vale, W., Ling, N., Brown, M. & Guillemin, R. Endocrinology 100, 
238-241 (1977). 

13. Lien, E, L., Fenichel, R. L., Garsky, U.. Sarantakis, D. & Grant, N. H, Life Sci. 
19, 837-840 (1976). 

i4. Dupont, A.. Cusan, L.. Garon, M., Labrie, F, & Li, C. H. Proc. nain. Acad. Sci. 
U.S.A. 74, 358-339 (1977). 

tS. Akil, H., Mayer, D.J. & Liebeskind, J.C. Science 191, 961-962 (1976). 

16. Mayer, D. J. Neurosci. Res, Program Bull, 13, 94 (E975). 

'?. Jacobs, J. J. Tremblay, E. C. & Colombel, M. C, Psychopharmacology, 37, 
217-223 (1974). 

t8. Madden. J., Akil, H., Patrick, R. L. & Barchas, J.D. Nature 265, rere eet 

19, Shaar, C. J., Frederickson, R, C, A., Dininger, N. B.. Clemens, J. A. & Hull, 
R. H. Fedn Proc. 36, 341 (1977). 

20. Lazarus, L. Ha. Ling, W. & Guillemin, R. Proc. nain. Acad. Sci, U.S.A. 73, 
2156-2159 (1976). 

31. Bradburg, A. E., Smyth, D. G., Shepp, C. R.. Birdsall, N. J. M. & Hulme, E. C. 
Nature 206, 793—794 (1976). 

22, Li, C. H. & Chung, D, Proc. natn, Acad, Sci. U.S.A. 73, 1145-1148 (1976). 

2%. Dupont, A. et al. Fedn Proc. 36, 311 (1977). 

34. Ferland, L.. Fuxe, K., Eneroth, P., Gustafsson, J.-A. & Skett, P. Eur. J. 
Pharmac. 43, 89-90 (1977). 

28. Halasz, B. & Pupp, L. Endocrinology 77, 553-562 (1965). 

26, Konig. J. F. R. & Klippel, R. A. The Rat Brain (Krieger, New York, 1967). 


Le 


Immunoreactive component resembling 
cholecystokinin octapeptide in intestine 


Many hormones exist in several molecular forms. The 
intestinal hormone cholecystokinin has been isolated from 
hog duodenum in the form of peptides of 33 and 39 amino 
acid residues (CCK33 and CCK39)'“. Extracts of hog 
cerebral cortex have been shown to contain components 
with CCK-like immunoreactivity’, but on gel filtration the 
main component in brain had the properties of the COOH- 
terminal octapeptide (CCK8) of CCK33 and CCK39". Several 
other hormonal and related peptides probably occur in 
identical forms in brain and gut, so it seemed possible that 
a CCK8-like factor would also be found in intestine. 
Synthetic CCK8 is known to be about twice as potent on 
a molar basis as CCK33 on the main target organs of the 
hormone (gall bladder and exocrine pancreas)’ so that the 
possible existence of CCK8 in the intestine is of physio- 
logical significance. We have studied immunoreactive CCK- 
like factors in extracts of hog duodenum and jejunum and 
we report here the presence of relatively high concentrations 
of a CCK8-like component. This factor was poorly extracted 
by the method used to purify CCK33 and CCK39 which may 
explain why it was previously overlooked. 
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Mutt and Jorpes obtained CCK33 and CCK39 from hog 
intestine by first immersing the tissues in boiling water to 
inactivate proteases, and then transferring them to acetic 
acid for extraction”. Basic peptides in the extract, including 
CCK33 and CCK39, were adsorbed on alginic acid and 
eluted with HCl. In the present study pieces of hog duo- 
denum, jejunum, antral mucosa and cerebral cortex were 
extracted either in boiling water or in boiling 0.5 M acetic 
acid. The tissues (0.5 g ml) were briefly boiled (2-3 min), 
homogenised and centrifuged (2,000g, 10 min). When acid 
extracts of duodenum or jejunum were fractionated on 
Sephadex G-50 the main peak of immunoreactivity in the 
column eluates detected by radioimmunoassay using an 
antiserum which cross-reacts with CCK8 and CCK33, 
emerged in the position of CCK33 (Fig 1, component IT®). 
This component could be adsorbed on alginic acid and 
eluted with HCI and is therefore compatible with CCK33 
obtained by Mutt and Jorpes. On gel filtration, boiling water 
extracts of intestine contained little or no activity resembling 
CCK33 but did contain two other major peaks of immuno- 
reactivity (Fig. 1, components HI and IV), which would 
presumably be discarded in the first step of the Mutt and 
Jorpes method. The larger of the two peaks (IV) eluted in 
the region of CCK8 and the other emerged between calibra- 
tion standards of CCK8 and CCK33 and is therefore 
probably of intermediate size. Both factors could be ad- 


G a ae p i CCK8 


j 


| a WV 


2,000: 
1,500- 
yee 


= | 


600.4 
300: 


0) Se Ne 


0 20 40 60 80 100 120 
Elution volume from protein to '*°I (%) 


Immunoreactivity in column eluate (pmol 17+, CCK8 equivalent) 


Fig 1 Elution profiles of boiling water (neutral) and boiling 
0.5 M acetic acid extracts of hog jejunum and cerebral cortex on 
Sephadex G-50 (1 » 100 cm). In each case the equivalent of 0.5 g 
tissue was applied to the column. Immunoreactivity in the column 
eluates was estimated by radioimmunoassay using an antiserum 
CC) raised against CCK8 and !“I-labelled CCK8; with this 
antiserum the ratio of immunoreactivity CCK8:CCK33, was 
1.0:0,60 ona molar basis; immunoreactivity in column eluates is 
expressed in terms of standard CCK8. Elution volumes are 
expressed as 2; from protein peak (0%) estimated by absorption 
of 280 nm, to +1 (100°) added as a marker to all samples. In 
separate runs the columns were calibrated with pure natural 
human big gastrin (G34), little gastrin (G17), pure natural 
porcine CCK33 and CCK39, synthetic caerulein (Caer) and 
CCK8. Elution volumes of these standards are indicated by 
arrows; CCK 39 emerges in the same position as CCK 33. 
a, Intestine neutral extract; b, intestine acid extract; c, brain 
neutral extract; d, brain acid extract. 
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Table 1 Concentration (pmol ml ~?) of intestinal peaks HH and IV in 

samples pooled from Sephadex G-50 eluates and estimated by four 

COOH-terminal specific onea a pure human Gi7 or CCK8 
standards 





Antiserum 
Standard C 2716 1296 L2 


Component HI G17 60.00 7.60 2.90 0.70 
CCK8 18.30 47.00 30.00 63.00 
Component IV G17 9.80 0.80 0.40 0.05 


CCK8 3.20 2.60 3.20 4.40 





Antiserum C was used with !**]-labelled CCK8 when CCK8 was 
the standard, and with }**I-labelled G17 when G17 was the standard. 
The other antisera were raised against GI7 and used with '*I- 
labelled G17 for both G17 and CCK8 standards. Dilution curves of 
the brain extracts were parallel to the standard curve in each case. 


sorbed on DEAE and eluted with ammonium carbonate 
suggesting that they are acidic peptides. Minor components 
(I and L>) were present in both acid and boiling water 
extracts (Fig. 1). Intestinal components I and IV emerged 
in the same position as factors previously identified in brain 
extracts’. Immunoreactivity corresponding to intestinal com- 
ponents II and III was present in negligible amounts in 
brain, however (Fig. 1). The failure to find significant 
quantities of a CCK33-like component in brain is not likely 
to be due to degradation during extraction for standard 
CCK33 was recovered in good yield (> 80%) when added 
to acid extracts of brain. Similarly the different patterns of 
components in acid and boiling water extracts of intestine 
are not likely to arise from interconversion during extrac- 
tion, because when the residue of botling water extracts was 
re-extracted with 0.5 M acetic acid CCK33-like activity was 
obtained in good yield (> 80%) compared to direct acid 
extraction. 

Gastrin and CCK share the same COOH-terminal penta- 
peptide and antisera specific for the COOH-terminus of one 
hormone frequently cross-react with the other. But, 
immunochemical studies with antisera of different speci- 
ficity support the suggestion that intestinal components IH 
and IV are COOH-terminal fragments of CCK. Gastrin 
antisera (1295 and L6) which do not cross-react with 
CCK**, revealed negligible amounts of immunoreactive 
material in extracts of duodenum, jejunum or brain (< 0.5 
pmol g`’), but high concentrations in antral mucosa (> 2 
nmol g`). Furthermore, in radioimmunoassays using four 
COOH-terminal specific antisera which cross-react to 
different degrees with heptadecapeptide gastrin (G17) and 
CCK8, there were only minor differences between antisera 
(two- to fourfold) in estimating concentrations of com- 
ponents III and IV when referred to a standard of CCK8 
(Table 1). In contrast, when G17 was used as a standard 
there were up to 200-fold differences in estimates made with 
different antisera. Similar results have been obtained using 
a variety of COOH-terminal fragments of gastrin and CCK 
as standards; together the data indicate that with this panel 
of antisera the pattern of cross-reactivity of the intestinal 
components is readily distinguishable from gastrin-like but 
not CCK-like peptides. 

Intestinal components IHI and III could also be dis- 
tinguished from G17 and smaller gastrin-like peptides 
because they were converted by trypsin to a component 
emerging just before CCK8 (90% elution volume) on 
Sephadex G-50 whereas G17 and small fragments are 
resistant to trypsin. A similar tryptic peptide was obtained 
by trypsinisation of pure CCK33, and probably corresponds 
to the COOH-terminal dodecapeptide previously identified 
as a product of mild trypsinisation of CCK33’*. Intestinal 
component IV, like CCK8, was resistant to trypsin. 

Estimation of the absolute concentration of the different 
intestinal components must await their purification and 
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characterisation. But, in radioimmunoassays using antisera 
raised against CCK8, and the appropriate standard (CCK8 
or CCK33), it was estimated from immunoreactivity in 
column eluates that concentrations of the CCK8-like factor 
in duodenum (40 pmol g¢°') were about twice those of CCK33 
(19 pmol g'). In jejunum, on the other hand, concentrations 
of the CCK8-like factor (15 pmol g ') were about half those 
of CCK33 (27 pmol g™'). Using CCKS8 standard the con- 
centration of component HH was estimated to be 20 pmol g™ 
in duodenum and 10 pmol g™' in jejunum. Because COOH- 
terminal fragments of CCK larger than the heptapeptide 
have strong CCK-like actions’, the intestinal CCK8-like 
factor could make an important, possibly even the major, 
contribution to the biological activity of cholecystokinin 
released from the duodenum. 

Several interesting questions are posed by the different 
patterns of distribution of CCK-like peptides in brain and 
gut. It is now recognised that many polypeptide hormones 
are synthesised via large precursor molecules which are 
converted to smaller active molecules by proteolytic 
cleavage”. Thus the different forms of CCK could be derived 
from precursor which was cleaved at different positions in 
brain and intestine. Even within the small bowel there may 
be differences in the patterns of biosynthetic processing of 
CCK, for there were differences in the relative amounts of 
CCK8- and CCK33-like activity in the duodenum and 
jejunum. For many hormones, for example, insulin and 
parathyroid hormone, the site at which the prohormone Is 
cleaved to yield the active hormonal peptide consists of two 
or more consecutive basic amino acid residues, and 1s 
susceptible to digestion by trypsin-like enzymes’. Only a 
single basic residue (arginine) links CCK8 to the NH:- 
terminal portion of CCK33, however, and this position is 
relatively resistant to trypsin. If, as seems likely, CCK33 
is a prohormone for CCKS8 then conversion is probably 
mediated by a specific enzyme. 
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Specific binding of 
3H-mepyramine to histamine H, 
receptors in intestinal smooth muscle 


THE specific binding of high-affinity ligands to a wide range of 
pharmacological receptors has been used to obtain informa- 
tion on receptor numbers, distribution and the characteristics 
of agonist and antagonist binding. The first study of this type, 
by Paton and Rang’, was of the binding of *H-atropine to 
muscarinic receptors in guinea pig intestinal smooth muscle. 
The histamine H, receptor has not previously been studied, 
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and here we describe the specific binding of mepyramine, an 
H -selective antagonist, to histamine "H, receptors in homo- 
genates of the longitudinal muscle-myenteric plexus prepara- 
tion from guinea pig small intestine. 

*H-Mepyramine was synthesised by catalytic hydrogenation 
with tritium gas of the 5-bromopyridy! derivative. The method 
will be described in detail elsewhere. The purity of the product 
was established by the identity with authentic non-radioactive 
mepyramine of (1) the Rp value on thin-layer chromatography 
in three solvent systems, (2) the mobilities on high-voltage 
electrophoresis and (3) the ultraviolet spectrum. The affinity 
constant of *H-mepyramine for the histamine H, receptor, 
parallel shift of the log dose-response (contraction) curve of 
longitudinal muscle strips to histamine, was not significantly 
different from that of non-radioactive mepyramine, 1.2 --0.3 x 
10° M~ (six measurements), the figures being in accord with 
values in the literature? +. The concentration of *H-mepyramine 
was determined from the absorbance at 310 nm. The specific 
activity of the purified product was 20 Ci mmol ~. 

The binding of *H-mepyramine, either alone or in the 
presence of 2» 10 M non-radioactive mepyramine, to homo- 
genates of longitudinal muscle strips from guinea pig small 
intestine and the difference curve, which is taken to represent 
the receptor-specific binding, is shown for a representative 
experiment in Fig. 1. The difference between all pairs of points 
was statistically significant (P < 0.05). The best-fit? parameters 
for the experiment in Fig. 1, assuming binding follows simple 
mass-action kinetics, were 1.7+-1.0nM for Ka, the dissociation 


3H-Mepyramine bound (pmol per g protein) 
oO 





[7H-Mepyramine] (nM) 


Fig. 1 a, Binding of *H-mepyramine to homogenates of guinea 
pig intestinal smooth muscle. Longitudinal muscle strips from 
guinea pig small intestine, prepared essentially as described by 
Rang, were chopped with scissors, partially homogenised in 
fve volumes of 50 mM _ sodium-potassium phosphate buffer, 
pH 7.5, in a glass homogeniser with a glass pestle and the ice-cold 
suspension then treated twice with a Polytron blender (setting 
5 for 15s). Homogenate (0.2 ml, approximajely 2 mg protein) in 
1.8 ml 50 mM sodium-potassium phosphate buffer, pH 7.5, was 
incubated with various concentrations of *H-mepyramine in 
the presence (<.) or absence (@) of 2» 10-°M mepyramine for 
6C min at 30°C. Aliquots (0.25 ml) were centrifuged at 8,700g 
for 60s ina Beckman Microfuge B and the pellet washed super- 
ficially twice with 0.1 ml ice-cold phosphate buffer. The tritium 
in the pellet was determined by liquid scintillation counting. 
Values are means + s.e. of quadruplicate determination of two 
to four incubations. 6, Receptor-specific binding; obtained by 
subtracting the binding of *H-mepyramine in the presence of 
2x 10°°M mepyramine from the uninhibited binding. The curve 
is a best-fit curve calculated by the method of Wilkinson’. 
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constant and 77-15 pmol per g protein for the number of 
binding sites. The best:fit, values obtained at ne data 


68 --7 pmol per g rein, although the maximum amount 
of *H-mepyramine binding seemed to vary between homo- 
genates (compare Table 2). The affinity constant, 7.7-+-1.8 x 
10° M~ (1/Ka) is in reasonable agreement with the value, 
1.60.4 x 10° M~, obtained from inhibition of the contractile 
response. 

To establish that the binding of *"H-mepyramine sensitive 
to inhibition by 2 « 10 M mepyramine does represent receptor- 
specific binding we have examined the inhibition of 7H-mepyra- 
mine binding by three compounds considered to be selective 
antagonists at histamine H, receptors, chlorpheniramine, 
promethazine and triprolidine, and by two drugs having their 
primary effect on other receptors, burimamide (histamine Ha) 
and lachesine (muscarinic) The maximal inhibition of 
*H-mepyramine binding by each drug did not differ significantly 
from that produced, measured on the same homogenate, by 
2x 107° M mepyramine. The curves for the inhibition by the 
H, antagonists of the receptor-specific binding approximated 
to hyperbolae and theaffinityconstants(Table |) calculated from 
values for 50% inhibition compared well with those in the 
literature obtained from inhibition of the contractile response. 
The two non-H, antagonists were only weak inhibitors of 
4H-mepyramine binding. The affinity constant deduced for 
lachesine, 1.6 10° M~!, is in good agreement with the value® 
from antagonism of the response to histamine, 1.0 x 10° M=, 





Table 1 Inhibition of *H- mepyramine binding 
Affinity constant (M ~?) 
from inhibition of 
3H-mepyramine 
Drug binding” Contraction? (ref.) 

Mepyramine 1.0 x 10° 2x10 
(--)} Chlorpheniramine 7.6 x 108 6.6 x 10“ (3) 
Promethazine 4.4 x 10° 8.5 x 10ë (3) 
Triprolidine 1.0 « 10° c. 10° (9) 
Burimamide c. 104 3.5 x 108 (8) 
Lachesine 1.6 x 10° 1.0 10° (6) 





+ Incubations as in Fig. 1 with 10M *H-mepyramine. The 
afinity constants, Ka, of the inhibitors were calculated from the 
relationship Ka = (Kmcp" [M] + DAA], where [A] is the concentration 
of drug required for 50°% inhibition of receptor-specific *H-mepyra- 
mine binding, [M] is the concentration of ®H-mepyramine and 
Kmep its affinity. Kmep was taken to be 1.2 x 10° M~, the mean of the 
various determinations made. 

t From inhibition of the contractile response to histamine of 
intact segments or longitudinal muscle strips from guinea pig ileum. 
In our own measurements Ka was amn from s relationship 
for competitive inhibition: dose ratio—l = [A] x= Ka, where the 
dose ratio is the ratio of the dose of eae necessary to achieve 
a given response in the presence of antagonist, concentration [A], 
to the dose required with no antagonist present. 


a figure four orders of magnitude lower than its affinity for 
the muscarinic receptor’, 1.1 10° M~. The affinity of buri- 
mamide as an inhibitor of *H-mepyramine binding, about 
10? M~}, is an order of magnitude less than its affinity at the 
H, receptor, 1.3 x 10 M~. 

The number of histamine H, receptors in homogenates of 
guinea pig intestinal smooth muscle, 68 pmol per g protein, 
is apparently much smaller than the number of muscarinic 
receptors reported in this tissue =", but the criterion per g 
protein clearly makes the number obtained very dependent on 
the degree of purification of the membrane fraction and the 
assay technique employed. To make a more direct comparison 
between the numbers of histamine H, and muscarinic receptors, 
in five experiments the maximum receptors peci binding of 
3H-mepyramine was compared on the same homogenate with 
that of *H-quinuclidiny!l benzilate (*H-QNB), a muscarinic 
ligand'*. The relative amounts of the two receptors varied 
within a fairly narrow range (Table 2) giving a mean value of 
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Table 2 Comparison of the numbers of histamine H, and 
muscarinic receptors in guinea pig intestinal smooth muscle 


Arte, 





No. of receptors _ 
(pmol per g protein) 


Expt Histamine H, Muscarinic  H,/Muscarinic (°%) 
] 82* 496 17 
2 41* 407* 10 
3 62* 297 21 
4 93 493 19 
3 45 334 13 
Mean 65-10 405 -- 41 16-2 





The no. of receptors was estimated either (*) from the maximum 
specific binding obtained from binding curves in the presence and 
absence of 2x 107°M mepyramine (for *H-mepyramine; see 
Fig I) or 2 107°M methylatropinium bromide (for 7H-QNB) or 


(values not starred) from the receptor-specific binding with 
7.5 x 107M #H-mepyramine or 7,7 x 10M *H-QNB. In each experi- 
ment measurement of the numbers of the two receptors was made 
on the same homogenate. "H-QNB (*H-quinuclidinyl benzilate), 
specific activity 13 Ci mmol~?, was obtained from the Radiochemical 
Centre, Amersham. 


16-2 for the number of H, receptors as a percentage of the 
number of muscarinic receptors. This figure must still, however, 
be viewed with some caution. The composition of the assay 
medium, 50 mM sodium potassium phosphate, does not corres- 
pond to the in vive environment and while the number of 
muscarinic receptors determined by antagonist binding seems 
to be insensitive to the ionic composition’? it remains to be 
established whether this also holds for mepyramine. 

As far as we are aware this is the first report of binding 
studies on the histamine H, receptor using a selective high- 
affinity antagonist. There has been a report? that by using 
suitable protecting agents the histamine receptor in cat intestinal 
muscle could be labelled with the relatively nonspecific antag- 
onist *3H-dibenamine (58.5 mCi mmol~!). The amount of pre- 
sumed receptor material labelled seems remarkably large, 
however, being some 200-fold greater than that bound by 
3H-mepyramine in our experiments and indeed an order of 
magnitude greater than the highest reported estimate of the 
number of muscarinic receptors in intestinal smooth muscle. 
Even allowing for species differences there must be some 
suspicion that the bulk of the dibenamine was bound to non- 
receptor sites. 

These observations suggest that "H-mepyramine should be 
a valuable tool with which to investigate the numbers of 
histamine receptors in various tissues in various conditions and 
to study the binding characteristics of H, agonists and an- 
tagonists. 
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Presumptive control mutation for alcohol 
dehydrogenase in Drosophila melanogaster 


EXAMPLES of control mutations are rare in eukaryotes. Indeed, 
the only well-documented examples are in Aspergillus’? and a 
mutant affecting xanthine dehydrogenase (XDH) activity and 
mapping adjacent to, but separable from, rosy, the structural 
gene for XDH in Drosophila melanogaster®™*, Control of 
alcohol dehydrogenase (ADH), particularly in Drosophila has 
recently been studied. In examining ADH activity in selection 
lines and in samples from natural populations, a line was found 
to be Adh® and to have half the activity of a normal slow- 
migrating allele. To test the hypothesis that the low activity 
Adh® line contains a control mutation, we have attempted to 
separate the activity phenotype from the electrophoretic 
(structural gene) phenotype by recombination. We have 
succeeded in doing this, and in the process have obtained a very 
accurate position for Adh based on its recombination with 
closely-linked marker loci. 

ADH is a small homodimer with a molecular weight of about 
24,000 (R. Ambier, personal communication). The alcohol 
dehydrogenase (Adh) locus maps at position 50.1 on the 
second chromosome of D. melanogaster, and its cytogenetic 
location is known within two bands (35B2~-3) on the polytene 
chromosome map of salivary glands’. 

In addition, Adh is highly polymorphic in nature®~*. Activity 
variation is also known? and we have identified a striking 
variant in a population collected near Cambridge, UK. A line 
derived from that population is homozygous for the slow- 
migrating allele (Adh*) but has only about half the activity of a 
standard Adh” allele, as measured by the rate at which it acts 
on the substrate isopropanol. Taking Adh” as a standard with 
relative activity of 1.0, we found the ratio of activities 
of Adh! to Adh® to ‘low activity Adh* to be approximately 
1.0 : 0.57 : 0.28 (ref. 12). Radial immunodiffusion assays?” 
have confirmed that the decreased activity is due to the fact 
that the allele produces about half as many enzyme molecules 
as the normal Adh or Adh” alleles. Thus, itis a good candidate 
for a control mutation, though, as is the case for some mutations 
of XDH, this variant could affect the quantity of ADH by 
changing the primary sequence of the protein, and only protein 
chemistry can unambiguously rule out this possibility. 

Let us represent the low activity allele as Adh*-L, the normal 
slow-mobility allele as Adh°-H, and the possible fast-mobility 
alleles as Adh’-L and Adh*-H, respectively. A multiply-marked 
second chromosome stock carrying black (b, 2-48.5), elbow 
(el, 2-50.0), reduced-scraggly (rd, 2-51.2), purple (pr, 54.5), 
and cinnabar (cn, 2-57.5) was crossed to the Adh’-L stock, 
which is marked with the third chromosome mutation veinlet. 
The Adh locus maps between e/ and rd” and the b el rd pr cn 
stock is homozygous for Adh*-H. Heterozygous females were 
backcrossed to $ el rd pr en males and the progeny were scored 
for two recombinant classes: b ef + + + and + + rd pr en. 
All other progeny were pooled and counted as non- 
recombinants for that region. 

A total of 122 b ef + + + and 128 + -+ rd® pr en recom- 
binant progeny were recovered among 59,738 scored. This 
allows us to calculate very accurately the map distance between 
the two morphological markers flanking the Adh locus. This 
distance is estimated to be 0.42 cM, much smaller than the 
estimate of 1.2 cM normally quoted?*. Having such close 
flanking markers makes the recombinational assay of potential 
control mutants exceptionally accurate and efficient. Indeed, 
independent evidence suggests that there may be only one gene 
between e/ and Adh’. 
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Each + + rd° pr cn recombinant male was then mated to 


females heterozygous for Df(2L)64j (ref. 9), which includes the 


el and Adh loci, and for the balancer chromosome Curly of 
Oster. Homogygous + + rd* pr cn recombinant chromosomes 
were produced by standard crosses. A total of 35 of the 70 such 
chromosomes from males were successfully made homozygous. 
These were then tested for both ADH electrophoretic mobility 
and for enzyme activity. 


el Adh L rd 8 


| | | 


MAARA AEAEE inne ether ATEETAN 


A~ 0.01 cM 


0.06 0.36 cM 


Fig. 1 Order and estimated map distances for Adh, the low 
activity site (L) and flanking markers. 


A total of 30 recombinants were Adh*. On the basis of the 
earlier estimate of the map distance between el and rd*, this 
places the Adh locus very near el, and about 0.36 cM from rd" 
(Fig. 1). Of greater importance, however, was the observation 
that one of the 30 Adh? lines had normal enzyme activity, 
while the other 29 still had low activity. The complementary 
Adh®-L recombinant has not yet been recovered. Thus, an 
activity modifier locus has been identified that is separable 
from, and to the right of, the Adh structural gene as marked by 
electrophoretic mobility alleles. 

Other recombinants are now being studied. But the data so 
far have enabled us to measure accurately the recombination 
distance between two loci flanking the Adh locus and have 
provided the first evidence that a presumptive control mutation 
decreasing the number of enzyme molecules is located proximal, 
but very close, to the structural gene for alcohol dehydrogenase. 

This work was supported in part by an MRC grant 
(G973/691/B) to M.A. and Professor B. Clarke. 
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Synthesis of infectious 
@X-174 bacteriophage in vitro 


Stupy of virus assembly has indicated the involvement of a 
diverse spectrum of protein-protein and protein—nucleic acid 
interactions (for review see ref. 1). In Escherichia coli cells 
infected with bacteriophage ®X-174, synthesis of single-stranded 
circular viral DNA requires the functions of at least seven 
phage-coded genes which include genes specifying viral struc- 
tural proteins F, G and H non-virion proteins A, B, C and D. 
The only known phage gene that is not involved in single- 
stranded DNA synthesis is gene E (lysis) (for review see ref. 2). 
It seems that synthesis of single-stranded circular viral DNA of 
®X-174 is very tightly coupled with the phage morphogenetic 
pathway. The synthesis of @®X-174 viral DNA involves a 
replicative form (RF) DNA with an extended tail of single- 
stranded viral DNA up to one genome in length (rolling circle’ 
or o structure DNA). Fujisawa and Hayashi? found that 
co DNA in infected cells is associated with a number of phage 
and host proteins as a SOS complex which is a precursor of 
mature phage particles. They have proposed that synthesis and 
packaging of ®X-174 single-stranded DNA occur in the 505 
complex. Formation of the 50S complex requires the association 
of a functional RF DNA template with a 108S capsomeric 
structure containing the protein products of genes D, F, G and 
H (ref. 10). The functions of genes B and C are also required 
for formation of the 50S complex. The gene B protein is 
necessary to catalyse assembly of gene F and gene G proteins’? 
to form a precursor of the 108S structure!?~'?, In the absence 
of gene C protein, the 108S structure is produced but the 508 
complex is not formed'’, Apparently, RF DNA cannot act as a 
functional template for formation of the 50S complex and, 
consequently, for synthesis of single-stranded DNA if the gene 
C protein is absent. To elucidate the function of DX-174-coded 
proteins during phage morphogenesis and single-stranded DNA 
synthesis, we have developed an in vitro system that synthesises 
circular, single-stranded viral DNA’®. The system contained an 
extract prepared from cells infected with a lysis-defective 
mutant of ®X-174. We show here that synthesis of circular 
viral DNA in the system does depend on the functions of the 
proteins encoded by PX-174 genes B and C. The circular 
single-stranded viral DNA synthesised in vitro is contained in 
infectious particles whose appearance is very much like that of 
mature ®X-174 phage particles when examined by electron 
microscopy. 

To test the requirement for gene B and gene C proteins we 
performed an in vitro complementation experiment. Cell 
extracts were prepared from Æ. coli H570-22 (Su~) that had 
been infected with either a PX-174 double mutant (ocht 1 a3)" 
of gene C (ochre) and gene E (amber) or PX-174 double mutant 
(och12.am3)4 of gene C (ochre) and gene E (amber). The amber 
mutation in the lysis gene E was present for technical reasons 
and has no effect on phage DNA replication or morphogenesis. 
In vitro complementation can be performed by mixing infected 
cell extracts directly in the in vitro system but the complementary 
activity of such a system seems to be limited by a deficiency of 
phage-specific proteins. In order to increase the activity of the 
in vitro reaction, a fraction (fraction 1) enriched in @®X-174- 
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by sucrose gradient centrifugation. The two reaction mixtures 
containing homologous combinations of extract and fraction | 
incorpomated dTTP only into material sedimenting at 208 
(Fig, le, d). The 20S material consisted of only RF DNA., No 
single-stranded DNA was synthesised in these two reaction 
mixtures which lack either gene B protein or gene C protein. 
In contrast, the two reaction mixtures containing heterologous 
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combinations of extract and fraction | incorporated dTTP not 
only in material sedimenting at 20S but also at 50S and 1105 
(Fig. la, b). Sedimentation analysis, in an alkaline sucrose 
gradient, of DNA isolated from the 110S material showed that 
the DNA consisted almost entirely of single-stranded circular 
DNA of unit-genome size (data not shown). 

To determine infectivity associated with 110S material, DNA 
in the 1105 material was density-labelled. A reaction mixture 
containing extracts and fraction | was prepared from both 
Ochllam3 infected cells and Ochl2am3 infected cells and 
was incubated with BrdUTP substituted for dTTP. Figure 2a 
shows analysis by sucrose-gradient sedimentation of the 
products, 
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Fig. 1 Sedimentation analysis of im vitro product by sucrose 
gradient centrifugation. E. coli H570-22 was infected with 
bX-174 Ochtlam3 or with Ochi2an3. Infected cells were 
collected and washed as described previously*®. The washed 
cells were suspended in buffer A (50 mM Tris-HCI, 0.1 mM 
EDTA, pH 7.3, at 25 C) containing 10%, sucrose and 100 mM 
KCI and cell extracts were prepared, Saturated (NH,).SO, (in 
50 mM Tris-HCI, | mM EDTA, pH 7.5) was added to the cell 
extract (0.8 ml) to 40° saturation, and the mixture was left at 
0 °C for 30 min. The precipitate was collected by centrifugation 
at 18,000g for 20 min. The pellet was suspended in 0.1 mi of 
buffer B (20 mM Tris-HCI, | mM MgCl,, | mM dithiothreitol, 
1027 sucrose, 50 mM KCI, pH 7.5 at 0 °C) and dialysed for 3 h 
‘against three changes of 125 ml of buffer B. The dialysed fraction 
is termed fraction l. Fraction | contained about 20 mg of 
protein per ml. A standard reaction mixture (0.25 ml) contained 
0.14 ml of cell extract, 20 ul of fraction 1, 30 mM Tris-HCI, 
pH 7.41 at 30°C, 0.1 mM each dATP, dCTP, dGTP and a**P- 
dTTP (150 ~ 500 c.p.m. pmol ~t), 0.1 mM each CTP, UTP, GTP, 
0.2 mM ATP, 0.2 mM NAD, 15 mM MgCl}, 10 mM B-mercap- 
toethanol, 500 pg min! bovine serum albumin (BSA) and 80 
ug ml ~ rifampicin. Reaction mixtures were incubated at 30 °C 
for 18 min. A complete reaction mixture (in 62.5 yl) (a??P-dTTP 
220 c.p.m. pmol) containing a, 35 pl of extract from 
Ochtlam3 infected cells and 10 yl of fraction | from Ochi2am3 
infected cells; 6, 35 pl of extract from Ochl2am3 infected cells 
and 10 ul of fraction | from Ochttam3 infected cells; c, 35 pl 
of the extract, 10 yl of fraction | both from Ochllam3 infected 
cells: or d, 35 ul of the extract and 10 ul of fraction | both from 
Ochl2am3 infected cells was incubated at 30°C for 18 min. 
The reaction was stopped by the addition of 150 pl of ice-cold 
buffer C (50 mM Tris-HC1, 100 mM KCI, 15 mM EDTA and 
500 peml-? BSA, pH 7.5 at 90°C). *H-Thymidine-labelled 
mature phage was added as a marker and 200 uI of the diluted 
reaction mixture was layered onto a sucrose gradient (15-30% 
in 10 mM Tris-HCI, pH 7.25 at 25 C, 100 mM NaCl, 5 mM 
EDTA and 3.5%, CsCl with a 0.15 mi cushion of 53% CsCl and 
50°” sucrose at the bottom of the gradient). Sucrose gradient was 
centrifuged in Beckman SW50.1 rotor at 49,000 r.p.m. for 70 min 
at 0 C. Fractions were collected onto squares of Whatman 3 MM 
filter paper which were washed with trichloroacetic acid (TCA) 
and ethanol, dried and counted. Fractions 37 to 40 were dis- 
carded because these fractions did not contain TCA-insoluble 
material. @, °*P c.p.m.; », 3H ¢.p.m. 
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The fractions containing density-labelled 110S material 
(fractions 5 to 8) from the sucrose gradient shown in Fig. 2a were 
combined and subjected to buoyant density centrifugation in 
CsCl. The 110S material banded in a single peak at a density 
of 1.45g ml ` while mature phage particles not containing 
BrdUMP banded at a density of 1.41 g ml?’ (Fig. 2b). When 
each fraction of the CsCl gradient was titred using Æ. coli 
Su20c (Sut) as the indicator, a peak of infectivity which 
coincided exactly with the peak of radioactivity at the density 
of 1.45gml ' was found. This peak of infectious material 
synthesised in vitro contained particles that were indistinguish- 
able from mature phage particles when examined in an 
electron microscope (Fig. 3). 

Infectious but non-radioactive material was found at densities 
equal to and less than the density of marker phage particles 
(Fig. 2b). This material was also present in in vitro reaction 
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Fig. 2 Analysis of in vitro products labelled with BrdUTP, 
a. A reaction mixture (125 jl) containing 35 ul of extract and 
10 ul of fraction 1 from Ochllam3 infected cells and 35 pl of 
extract and 10 ul of fraction 1 from Och|2am3 infected cells was 
incubated for 18 min at 30 “C. The other components of the 
reaction mixture were as described in the legend to Fig. | except 
that dTTP and dATP were replaced by 0.1 mM BrdUTP and 
0.1 mM ®H-dATP (440 c.p.m. pmol ~!) respectively. The reaction 
was stopped by the addition of 0.5 ml of buffer C. Ultraviolet- 
irradiated “C-marker phage was added to the reaction mixture 
which was analysed by sucrose gradient centrifugation (5 to 
30°, ref. 13) at 49,000 r.p.m. at O `C for 50 min. @, Hs XC. 
b. Fractions 5 to 8 of the sucrose gradient shown in (a) were 
pooled and 2.2 g of CsC1 and 3,1 ml of Na borate buffer (SO mM 
sodium tetraborate, 5 mM EDTA) were added to 1.05 ml of the 
pooled material which was dialysed against the borate buffer. 
Centrifugation was performed at 33,000 r.p.m. for 44 h at 10 °C. 
Fractions were collected from the bottom of the centrifuge tubes. 
10 ul of each fraction was assayed for radioactivity. The infect- 
ivity of each fraction was determined by plaque assay using 
E. coli Su20c (Sut) as indicator. @, °"H; x, "C; ©, infectivity 
(PFU per ml); W, density (gml~'). c, A reaction mixture (62.5 
ul) containing 35 pl of extract and 10 ul of fraction | from 
Och\ lam} infected cells and another reaction mixture (62.5 pl) 
containing 35 ul of extract and 10 yl of fraction | from Och\|2am3 
infected cells were prepared as detailed in (a), and incubated 
separately for 18 min at 30 “C. The reactions were stopped by 
adding 0.25 ml of ice-cold buffer C to each tube. Then, the two 
reaction mixtures were combined and centrifuged in a sucrose 
gradient as described in (a). Fractions 5 to 8 of the sucrose gradi- 
ent were pooled and analysed by CsCl buoyant density centri- 
fugation as described in (b). 4C-marker phage; ©, in- 
fectivity (PFU per ml): W, density (p, g ml~*). 


mixtures in the absence of complementation (Fig. 2c). Since no 
material labelled in vitro was seen at these densities, the low 
density infectious material apparently existed in the infected 
cell extracts and might be due to uneclipsed phages that were 
recovered from infected cells in the extracts and/or fraction|. 

Several observations indicate that synthesis and packaging 
of ®X-174 single-stranded DNA by our in vitro system proceed 
by mechanisms very similar to those that occur in vivo. Our 
previous results suggest that single-stranded DNA synthesis in 
vitro involves the 50S complex containing o structure DNA" 
and that the in vitro 50S complex is a precursor of a particle 
containing circular single-stranded DNA‘. We have shown 
here de novo synthesis of single-stranded viral DNA via the 
50S complex by complementation experiments (Fig. 1). The 
synthesised single-stranded DNA is packaged in particles that 
are infectious and are similar in appearance to mature phage 


Fig. 3 Electron micrographs of 110S particles. Preparations of mature phages or density-labelled 110S particles (Fig. 2b) containing 1-3 
10%! particles per ml were negatively stained with 2% neutral potassium phosphotungstate. a, Mature phages; b, 110S particles. 
Scale bar, 100 nm. 
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particles in the electron microscope. Further studies are 
required to determine the differences between 110S in vitro 
particles and 114S in vivo mature phages. The in vitro comple- 
mentation system for synthesis of infectious DX-174 particles 
described here may provide a new way of studying the inter- 
action of viral components during phage morphogenesis. 

We thank Dr F. Fujimura and Mrs M. Hayashi for dis- 
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Mr P. Kammerer for technical assistance. This work was 
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Extensive reverse transcription of RSV 


genome by nucleic acid-binding protein 


THE discovery of reverse transcriptase’? offered the 
possibility of using in vitro synthesis to study the replication 
of RNA tumour virus genomes in molecular detail. 
Attempts to study DNA provirus formation in vitro, 
however, have encountered serious obstacles: poor efficiency 
of transcription, small DNA products, and unequal 
representation of the viral RNA sequences in the DNA 
product have been common findings’. These difficulties 
in copying RNA into DNA have led to suggestions that 
cellular factors, such as ligases or unwinding proteins 
might be necessary to assist reverse transcriptase in copying 
the viral RNA genome into a complete DNA transcript*, 
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Binding (unwinding) proteins involved in DNA synthesis 
are well known in bacteria*’ and have also been described 
in mammalian systems’. We reported previously the isolation 
of a DNA binding protein from transformed chicken cells 
and its stimulating effect on reverse transcriptase activities’, 
Here we present evidence that, in the presence of the 
binding protein, purified reverse transcriptase from Rous 
Sarcoma virus (RSV) synthesised an extensive, possibly 
complete complementary transcript of DNA from the 
viral RNA genome in a totally reconstituted reaction 
system. 

RSV-transformed chicken fibroblasts were sonicated and 
its nucleic acids were removed by polyethylene glycol 
precipitation in high salt as reported previously’. The 
supernatant was then loaded on a single-stranded DNA— 
cellulose column and the binding activity eluted with 0.2M 
NaCl was further passed through DEAE-cellulose and then 
to a CM BioGel (BioRad) column. A single peak of 
binding activity as measured by the membrane filtration 
technique’ was eluted from the CM BioGel column at 
0.3 M NaCl in a buffer containing 0.05 M Tris-HCI, pH 8.1, 
10% glycerol, 1 mM 2-mercaptoethanol, and 1 mM EDTA. 
This material showed a major Coomassie blue band of 
over 85% homogeneity corresponding to a molecular weight 
of about 30,000. One microgram of the purified protein 
was capable of increased binding to 16ug of *H-poly 
(dA,dT) and thus at least a 500-fold enrichment in the 
nucleic acid binding activity was obtained from the crude 
sonicated extract. It had no detectable reverse transcriptase, 
DNA polymerase or nuclease activities when analysed”, 
Detailed isolation procedures will be published elsewhere. 
The binding protein was able to bind to various synthetic 
polynucleotides as well as to 70S *H-RSV RNA. Figure la 
and b shows the binding activity profiles when 70S “H-RSV 
RNA and *H-poly(A,U) were used as the substrates. 
The amount of binding as indicated by radioactivity 
retained on the membrane increased linearly until the 
protein saturated the binding capacity. It was calculated that 
at the saturation point one binding protein’ molecule 
covered 10 nucleotide bases in these substrates. Since 
the protein showed different rates in binding to various 
nucleic acids (unpublished observation), we studied the 
affinity of the protein to a few kinds of nucleic acid 
in environments of increasing ionic strength. Figure 2 
shows the results of the binding study at different NaCl 
concentrations. There were significant decreases in binding 
of the protein to “H-poly A, *H-poly(A,U) and "H-poly 


ù 


Fig. 1 Nucleic acid-binding activities of the binding protein as a function-of its concentration: The assay measured the amount of radio- 
active nucleic acid bound to nitrocellulose filters? in the presence of the binding protein. The binding buffer contained 0.02 M Tris-HCI 


(pH 8.1), I mM EDTA, | mM 2-mercaptoethanol, 0.02 M NaCl and 5 
of 0.1 mi, the reaction mixture was chilled, diluted and filtered through 
washed with the binding buffer, dried and the radioactivity determined i 


Fá 


% glycerol. After incubation at 37 °C for 10 min in a total volume 


a Millipore nitrocellulose filter (type HA 0.45 um). The filter was 


n a toluene-based scintillation fluid. The binding substrates: a, 70S 


“H-RSV RNA (0.2 ug, 20,000 c.p.ni. pe-): b, polyGH-A,U) (0.1 Ci; 34 mCi per mmol phosphate). 
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Fig. 2 Effects of ionic strength on the binding of the protein 
to various nucleic acids. The buffer used during binding and 
washing was the same as described in Fig. 1, except that the 
concentration of NaCl varied as indicated. The binding in the 
absence of NaCl was taken as 100%. ©), 70S °H-RSV RNA 


(dA,dT) when NaCl concentration was increased to 0.05 M 
or higher. The binding to 70S “H-RSV RNA by the protein 
decreased only 10% at 0.2 M NaCl, however. It is possible 
that some specific nucleic acid sequences in the RSV RNA 
have a high affinity to the binding protein and thus make 
the complex more resistant to dissociation in higher ionic 
strength. An additional piece of evidence to substantiate 
that the binding protein interacts with nucleic acid was 
provided by the following study. It is well known that 
the single-stranded viral RNA contains considerable 
secondary structures with certain regions of the genome 
intramolecularly hydrogen-bonded”. Therefore we studied 
the unwinding of this highly structurised RNA by the 
binding protein by measuring ultraviolet hyperchromicity 


Binding protein 
| 0.6 M NaCl 





Azov 
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Fig. 3 Unwinding of the 70S RSV RNA by the binding protein. 
The reaction mixture contained 70S RSV RNA (1.6 pg) and the 
binding protein (15 ug) in 0.5 mi of 0.05M Tris-HCI (pH 8.1), 
0.02 M NaCl, | mM 2-mercaptoethanol, | mM EDTA and 30%, 
glycerol. Binding protein and the RNA were mixed at time zero, 
and Asse was determined with a recording Gilford Spectro- 
photometer at 24°C. Solutions of the binding protein or the 
RNA alone in the same buffer were scanned at the same time as 
controls—no changes in absorbance were observed. 


367 
which is characteristic of the helix—coil transition’. The 
result of such an experiment is shown in Fig. 3. The 
absorption at 260 nm of 70S RSV RNA increased 15-20% 
in less than | min after the addition of the binding protein 
at 24 °C and this suggested a fast unwinding of RSV RNA 
by the binding protein. The hyperchromic effect was 
reversible on addition of NaCl to 0.6 M (Fig. 3) suggesting 
that the RNA was deproteinated and returned to the 
folded structure. 

Because of the closeness of the natural primer to the 
5’ terminus of RSV RNA (refs 15, 16) and of the great 
secondary structure of the RNA, in vitro DNA synthesis 
can only proceed to a limited distance along the template 
and result in small DNA products”. We therefore attempted 
to remedy these two difficulties during reverse transcription 
by, first, using (dT)i1» as the primer to start DNA synthesis 
from the 3’ terminus” and, second, by adding the binding 
protein to melt the hydrogen-bonded regions. DNA was 
synthesised in a totally reconstituted system containing 
purified 70S RSV RNA (ref. 18), reverse transcriptase”, 
dATP, dGTP, dCTP, Mg”, “P-TTP, (dThzis and actino- 
mycin D as described in Fig. 4. After incubation the reaction 
was stopped by EDTA and passed through a Sephadex G- 
50 column, DNA in the void volume was ethanol-precipit- 
ated, alkaline-hydrolysed and anlysed by Agarose gel elec- 
trophoresis”. The results of the experiment are shown by 
autoradiography in Fig. 4. Lane 1 shows that when no bind- 
ing protein was added most DNA products moved to the 
far end of the gel corresponding to a mobility of about 45. 





Table 1 Hybridisation of DNA products with 708 RSV RNA 


70S Acid-precipitable Resistant 
Sample RSV RNA radioactivity fraction 
(c.p.m.) Po} 
Control 
(minus $, nuclease) vo 1,120 100 
Self-annealing 
(plus S, nuclease) = 71 6 
Hybridisation 
(plus S, nuclease) oe 1,066 95 


arent ravioli AGAMA ORO eau OFA AAMT EEA AAP 


Radioactive DNA was prepared as described in Fig. 4, lane 2. 
DNA samples were hybridised in 2*SSC at 68°C for 2h in a 
total volume of 20 pl. When 70S RSV RNA (2 pg) was used, the 
ratio of RNA to DNA was estimated to be over 1,000. Resistance 
to S, nuclease was determined by incubating an aliquot of the 
incubation mixture for 2h at 37 °C in 1 mM ZnSO,, 0.1 M sodium 
acetate (pH 5.0), and 2,000 units of S, nuclease, when used. The 
nuclease-resistant DNA was recovered as trichloroacetic acid- 
precipitable counts with 10 pg of salmon sperm DNA as carrier. 


In lanes 2, 3 and 4 with various preparations of binding 
protein added, almost all of the DNA product moved 
much slower and its mobility corresponded to that of 355 
RSV RNA, The appearance of the large products in lane 
2, 3 and 4 was eliminated if the binding protein solution 
was first heated to 65°C for 10min (not shown here). 
To confirm that the radioactive product which corres- 
ponded to 358 in electrophoretic mobility was indeed 
complementary to 70S RSV RNA, we annealed the DNA 
product to the RNA template and digested the unreacted 
DNA with nuclease S, (ref. 20). Table } shows that 95% 
of radioactivity in the DNA product was resistant to 
the digestion after it had hybridised to 70S RSV RNA 
whereas DNA by itself was sensitive to the nuclease. 
This strongly suggested that the product was a single- 
stranded DNA with homology to the viral RNA genome. 

The results presented here show that reverse transctiptase 
from RSV is able to synthesise, in a reconstructed system, 
a complete or nearly complete DNA copy from the purified 
viral RNA in the presence of the binding protein isolated 
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from chicken cells. There are many advantages in being 
able to make a complete cDNA in a totally reconstructed 
system. The long, representative DNA transcripts of 
tumour viral RNA provide a source of excellent probes 
for molecular hybridisation. By controlling components 
of the in vitro reaction one at a time, we can obtain a 
molecular detail of the mechanism of complete reverse 
transcription. 

Although many investigators attempted to synthesise the 
complete cDNA from tumour virus RNA in a purified 
enzyme system, the DNA product was always considerably 
smaller than the template’. In some cases, there was faithful 
representation of the sequence information in the RNA, 


RNA 





Fig. 4 Autoradiography of DNA products synthesised in vitro by 
reverse transcriptase. Incubation mixtures (0.1 ml) contained the 
following: 0.05 M Tris-HCl, pH 8.3, 0.06 M KCI, 5mM MgCl,, 
0.01 M dithiothreitol, 0.1 mM EDTA, 0.02% NP-40, 1.6 ug 
70S RSV RNA, 0.1 ug (dT), o.,,, 100 pg mi~ actinomycin D, 
0.1mM each of dATP, dCTP, dGTP, 10 pCi [a-**P]TTP, 
(1 Ci mmol~'), 20 units of reverse transcriptase purified by the 
method of Grandgenett er al.®. The reaction mixture was 
incubated at 37°C for 10 min, and then binding protein or 
buffer alone was added. Lane 1, buffer control. Lane 2, 4 ug of 
binding protein from a preparation of transformed cells. Lane 3, 
4 ug from another transformed cell preparation. Lane 4, 15 pg 
of binding protein from non-transformed cells. Incubation was 
carried out further at 24 C for 4 h. At the end of the incubation, 
the reaction mixture was adjusted to contain 0.05 M EDTA, 
0.2% sodium sarkosyl and 50 ug yeast RNA. The DNA product 
was isolated by Sephadex filtration and alkali hydrolysis accord- 
ing to Rothenberg and Baltimore'*. The samples thus obtained 
were divided into two parts, one for electrophoresis followed by 
autoradiography and the other, for hybridisation studies. Electro- 
phoresis of the DNA products (approximately 1,000 c.p.m. 
per slot) was done in 0.8°% Agarose gel (10cm long) for 3.5 h 
at 100 V (ref. 25). Non-radioactive 70S RSV RNA, 35S RSV 
RNA obtained by heating and chilling of 70S (ref. 26) and 
tRNA were co-electrophoresed. Ethidium bromide was used 
to stain these markers after the electrophoresis and arrows 
indicate their positions. The gel was dried and autoradiographed 
as described by Maizel et al.*’. 


but only a small portion of the template was represented in 
a greatly disproportionated amount'’’*’’”*, The incomplete 
cDNA transcripts of the RSV RNA occurred as discrete 
size classes rather than a continuous array of decreasing 
sizes’. This suggested that when reverse transcriptase 
started DNA synthesis at the primer and transcribed along 
the single-stranded RNA, it could encounter hairpin loops 
or other forms of secondary structure present in the viral 
RNA at one or more points, thereby resulting in a partial 
blockage of transcription or in dissociation of the enzyme 
at these discrete sites. The nucleic acid-binding protein, by 
virtue of its ability to bind and unwind the RNA molecule 
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(Figs | and 3), can hold the RNA in a rigid, extended con- 
formation which affords a favourable configuration for 
reverse transcriptase to continue the cDNA synthesis instead 
of coming to a stop at the hairpin loops. We believe that the 
affinity of the binding protein to RSV RNA is such that 
when reverse transcriptase moves along the template, it 
replaces the binding protein to continue cDNA synthesis. 
This was supported by evidence shown in Fig. 5 that reverse 
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Fig. 5 Effect of ionic strength on the binding of reverse transcrip- 
tase to various nucleic acids. The buffer used during binding 
and washing was the same as described in Fig. 1, except that the 
concentration of NaCl varied as indicated. Binding of reverse 
transcriptase (5 units) to the substrate in the absence of NaCl 
was taken as 100%. @, 70S *H-RSV RNA (0.2 pg; 20,000 
c.p.m, pe"); x, “H-poly U (0.1 Ci; 30 mCi per mmol! phos- 
phate); A, poly(*H-A, U) (0.1 pCi; 34 mCi per mmol phosphate). 


transcriptase bound to RSV RNA much tighter than the 
binding protein. In this experiment, the binding of reverse 
transcriptase to 70S RSV RNA increased twice at ionic 
Strengths as high as 1.0M NaCl, in contrast to a gradual 
dissociation of the binding protein from RSV RNA at higher 
ionic strength (Fig. 2). 

Although the binding protein reported here was purified 
from RSV-transformed chick cells, the protein did not seem 
to be coded by the virus. In a preliminary study we also 
detected a binding protein of similar properties in normal 
chicken cells (Fig. 4, lane 4). A viral protein binding tightly 
to the viral RNA has been recently found in the RSV 
viral core, This viral core protein formed such a tight 
complex with the viral RNA that it inhibited rather than 
stimulated reverse transcription (J. Leis, personal com- 
munication). 

We are now characterising the DNA product in more 
detail. It will be of great interest to synthesise a DNA 
duplex (provirus) of the whole viral genome and study its 
infectivity as well as nucleotide sequences of the fragments 
obtained from restriction enzymes. 

We thank W. Schulze for technical assistance. 
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Abbott Laboratories, 
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2-Aminoadenine is an adenine substituting 
for a base in S-2L cyanophage DNA 


THE properties of DNA from viruses acting on blue-green algae 
(cyanophages) have been studied in only a few instances! **. Itisnot 
known whether these DNA molecules contain any unusual 
bases?’ or some modified (methylated) bases known to be present 
in DNA of many prokaryotes and to be specific for host 
modification and restriction phenomena. Here we report the 
isolation and identification of the base 2-aminoadenine and its 
deoxyribonucleoside from S-2L cyanophage DNA. Some unusual 
properties of this DNA in which adenine is completely substituted 
with 2-aminoadenine are described. 

Cyanophage S-2L was isolated from water samples taken in the 
outskirts of Leningrad. It can lyse blue-green algae Synechococcus 
sp. 698 and S. elongatus strains 58 and 6907 (from the collection of 
the Biology Institute, Leningrad State University), The phage was 
grown on S, sp. 698 and concentrated by chromatography on 
DEAE-cellulose (Whatman DE-32) and purified by centrifu- 
gation in CsCl gradient**. The phage consists of an icosahedral 
head, 56 nm in diameter, witha flexible non-contractile tail 120 nm 
long and 10 nm thick. S-2L phage 1s morphologically similar to 
SM-2 cyanophage’. 

The nucleic acid of phage S-2L is linear double-stranded DNA. 
It reacts typically for deoxyribose with a diphenylamine- 
containing reagent according to Dische; it is not hydrolysed in 


Fig. 1 S-2L phage DNA absorption spectrum in 0.1 SSC; aat 20°C 
and b, at 90 °C. 
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alkali (0.7 M NaOH, 18 hat 37 °C) or with pancreatic RNase. The 
mean contour length of S-2L DNA molecules prepared according 
to Kleinschmidt!® was 14.4+0.5 um, corresponding to a mol- 
ecular weight?! of 28 +0.5 x 10°. The average value for S$o,w for 
S-2L DNA was 32.5+0.3 S—a molecular weight value’? of 
26+1 x 10°. 

The buoyant density of S-2L DNA, relative to Escherichia coli 
B DNA(p = 1.7109 gcm~3) was found to be 1.731 gem™*. 
When 8-2L DNA was centrifuged with Micrococcus lysodeikticus 
DNA (p = 1.731 gem” 3), a single symmetric ultraviolet absorb- 
ing peak was observed. 

The hyperchromic value of S-2L DNA at 260 nm is 27-29%, at 
280 nm it reaches 50° (Fig. 1); Tmin 0.1 SSC is 85.6 °C; in 0.01 M 
sodium phosphate buffer pH 7.0, 0.001 M Na, EDTA Tm 1s 
84.3°C. The DNA melts within a small temperature range 
(AT a = 3 °C) which is typical of homogenous viral DNA. A 
characteristic feature of native S-2L DNA is the unusually 
low spectral ratio (Amar! Amin = 1.6, A2xeo/A 230 = 1.5, A260/ 
Azo s 1.75). 7 

in contrast to the circular dichroism (CD) spectrum of usual 
natural DNA that possesses a single positive band at 276 nm, S-2L 
DNA has two almost equal positive bands, at 290 nm and 265 nm, 
(Fig. 2). This very characteristic CD spectrum and the other 
unusual ultraviolet spectral properties strongly suggest the pre- 
sence of some unusual base in S-2L phage DNA. 


220 240 260 280 300 
Wavelength (nm) 


Fig.2 CD spectrum of S-2L phage DNA in 0.01 M phosphate 
buffer. pH 7.0-0.001 M Na,-EDTA (1.3 absorbance units at 260 nm 
per mi). 


For determination of the base composition, the DNA was 
hydrolysed into bases by 57% HClO, (100°C, ih) or 99% 
HCOOH (176°C, 1h). Bases were separated by thin layer 
chromatography (TLC) (Fixion 50 x 8 cation exchanger (Chinoin) 
in 2.8 M HC1)!3: as well as thymine, cytosine and guanine, a fourth 
base with the lowest R; value, was present. This base was purified by 
TLC on cellulose (Filtrak) in different solvent systems. The 
isolated base shows intensive blue fluorescence in ultraviolet light 
and a characteristic ultraviolet adsorption spectrum (two 
maxima): the base has the same spectral (Fig. 3, Table 1) and 
chromatographic properties as authentic 2-aminoadenine 
(Chemapol). On bromination the base degrades—like 2- 
aminoadenine and unlike adenine (Fig. 3). l 

Complete enzymatic hydrolysis of S-2L DNA to nucleosides, 
yielded 2-aminoadenine deoxyribonucleoside after two- 
dimensional TLC of deoxyribonucleosides on cellulose’*. The 
ultraviolet and fluorescence spectra of the 2-aminoadenine de- 
oxyribonucleoside isolated were identical to those reported for 
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Table 1 Spectral properties of the novel base and deoxyribonucleoside from cyanophage S-2L DNA compared with synthetic 2-aminoadenine 





Spectral properties in 


Phosphate buffer : 
0.1 M HC! 
O OMEP Ge 2-Aminoadenine 0.1 M KOH 
treated as base 
Spectral from phage 
parameters Deoxyribonucleoside* Baset DNAT 2-Aminoadenine Baset 2-Aminoadenine 
Amant 1). (rim) 254 241.5 241.5 24! Inflection Inflection 
(243 nm) (243 nm) 
mala) (iM) 279 282 282 281.5 283 283 
Amini 1). (am) 233 231.5 231.5 231.5 = Sr 
Jesin(2). (nm) 263 261.5 261.5 261.5 258 257 
Amax(V)/A min(2) 0.12 1.75 1.75 1.80 — = 
A aal 2)! A minl2) 0.13 1.86 1.86 1.90 2.46 2.42 
Asor Aten | 0.72 1.45 1.60 1.55 ~ ae 
A y40/A 260 i 0.72 1.73 1.80 1.80 1.32 1.26 
Assal ico 0.12 1.50 1.50 1.30 1.25 1.10 
Azgo/ A260 1.29 1.84 1.85 1.89 2.40 2.38 
A296/ A260 0.88 1.51 1.50 1.53 2,20 2.10 
Excitation maximum in 0.05 M 
_ K phosphate buffer (A nm) 300 300 300 300 
Fluorescence maximum (A, nm) 360 360 360 


emt TASOA AAAA 
*Isolated from hydrolysed phage DNA by two-dimensional TLC on cellulose (Filtrak)'*. 
tisolated by TLC on Fixion 50 x 8 in 2.8 M HCI'?, repeated TLC on cellulose (Filtrak) in isopropanol-11 M HC1-H,0 (170:45:35 v/v) and then 
repeated TLC in the solvent systems n-butanol-H,0~25% NH4OH (60:10:0.1 v/v); isopropanol-H2O (70:30), NH; in gas phase; #-butanol-5 M acetic 


acid (2:1 v/v). 


2-aminoadenosine'*>. Thus, S-2L phage DNA contains 2- 
aminoadenine, guanine, cytosine and thymine; no other bases 
were found. DNA of host alga Synechococcus sp. 698 contains 
usual bases, including adenine, rather than 2-aminoadenine, and 
its GC content is 70.0 mol? 

On complete enzymatic hydrolysis the S-2L DNA was found 
to contain (mol %): 2-aminoadenine deoxyribonucleoside, 
15.9 + 0.5; deoxythymidine, 15.4+0.1; deoxycytidine, 34.4+0.4 
and deoxyguanosine, 34.3 +40.3. This DNA thus contains equi- 
molar quantities of 2-aminoadenine and thymine and of guanine 
and cytosine. 

The presence of the additional amino group in 2-aminoadenine 
as compared to adenine permits formation of the three hydrogen 
bonds in 2-aminoadenine-thymine base pair'®. This seems to 
account for the higher Tm (85.6°C, in 0.1 x SSC) for 2- 
aminoadenine containing $-2L DNA as compared with usual 
adenine-containing DNA (T, = 82.0 °C) which is equivalent to 


Fig.3 Ultraviolet spectra of the base and its deoxyribonucleoside 

isolated from S-2L phage DNA. a, Base in 0.1 M HCl: b, base in 

0.1 M KOH; c, base after bromination; d, deoxyribonucleoside in 
0.05 M K-phosphate buffer, pH 6.7. 
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the former in GC content. According to the Tn value, S-2L DNA 
should contain 77.4mol % of GC, since from the p value 
(1.731 g cm~?) the GC content should be 72.5 mol %!7:'5: in fact 
the DNA contains only 68.7 mol % of GC. 

The anomalous CD spectrum of S-2L DNA is similar to the CD 
spectrum of polyribodiaminopurine-poly U complex!°, the 
difference being only in the sign of the bands at 290 nm. 
Dichroism measurements may therefore prove useful for the 
possible detection of 2-aminoadenine in other viral nucleic acids. 

In contrast to other viruses containing novel bases substituting 
for ordinary pyrimidines*~’, S-2L phage seems to be the first case in 
which one of the ordinary purine bases in DNA is completely 
substituted with a modified base. It seems likely that 2- 
aminoadenine incorporates into S-2L phage DNA as a ready- 
made nucleotide, rather than forming at the polynucleotide level as 
a result of amination of adenine residues in DNA. In cells of virus- 
infected blue-green algae new paths for the synthesis of the adenine 
nucleotide derivative may therefore exist: a special system for 
regulation and discrimination between the replication of host and 
unusual 2-aminoadenine-containing viral DNA would be needed, 
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Tectonic changes in global terms 


The Evolving Continents. By Brian F. 
Windley. Pp. xvii+ 385. (Wiley: Lon- 
don and New York, 1977.) £14; $28. 
THIS is, without doubt, one of the best 
of recent books concerned with the 
Earth’s evolution and is the first which 
really does attempt to see tectonic 
changes in terms of the total history 
of the Earth. At last, the Precambrian 
has been treated as an integral part of 
the Earth instead of being confined 
either to specialist books or to forming 
the odd paragraph added on to an 
evolutionary story that is otherwise 
entirely concerned with the Phanero- 
zoic. It would be ingenuous to fault 
different parts of the book for lack of 
sufficient data or for inadequate cover- 
age of general ideas, and any such 
criticism must be considered secondary 
to the real achievement of combining 
an optimum of both information and 
ideas within less than 400 pages. 

The level is essentially for third year 
undergraduates and upwards and should 
form a standard advanced text, follow- 
ing an Arthur Holmes introduction to 
the earth sciences, although some 
amplification of plate tectonic termin- 
ology will be needed—lithosphere 1s, 
for example, not defined, but it is 
certainly useful to have the Burke- 
Dewey “aulacogen” described fully, as 
this term is still not in most diction- 
aries. The lack of definition of litho- 
sphere compared with that for aula- 
cogen, in fact, reflects the essentially 
geological-geochemical approach 
throughout, with the geophysics largely 
restricted to palaeomagnetism. None- 
theless, to complain about this lack of 
geophysical content is, to some extent, 
unfair, as sufficient books have 
appeared recently on geophvsical plate 
tectonics in the Phanerozoic to sate 
most people’s appetites. 

Precambrian geology and models 
comprise half of the book with the 
Phanerozoic and generalities forming 
the remaining half. Logically, it starts 
with the Archaean, with one chapter on 
high grade terraines: one on low grade: 
and a third is concerned with models 
of Archaean crustal evolution. The Pro- 
terozoic takes a little longer. with four 
chapters preceding the summary of 
crustal evolutionary models for this 
period. The ability to condense the 
Archaean better than the Proterozoic 


possibly reflects Windley’s previous 
background, but is must be stressed 
that meaningful generalisations about 
the evolution of Proterozoic regimes 
have previously been virtually restricted 
to the publications of Sutton and 
Watson. : 

Naturally, such an initial compila- 
tion of information and ideas can be 
criticised in numerous places, although 
Windley often plays safe by outlining 
other people’s descriptions without 
significant critical comment, This 1s 
understandable in relation to ‘factual’ 
observations, but is less satisfactory 
where ideas are presented and dis- 
cussed, Albeit rarely, Windley’s views 
sometimes tend to bias the presentation 
of other schema, Criticism is always 
possible on the detail of the coverage— 
half-a-page on the West Australian 
Kalgoorlie System is barely sufficient 
to provide references; and this is 
virtually all it does. But any real exten- 
sions would have doubled the size of 
the -book and probably more than 
doubled its price. 

The second half, dealing with the 
generally accepted Phanerozoic plate 
tectonics, is less successful, and it is 
arguable as to the extent to which it 
could be both reduced and expanded. 
There are three chapters on orogenic 
belts-——Caledonian, Hercymian and 
Alpine——which illustrate this point. The 
Caledonian chapter could well be 
reduced, as this is described well else- 
where. The Alpine chapter is so 
abbreviated as to be virtually notes 
against which a specialist could view 
his own area or interest, but they are 
too skeletal for the undergraduate. The 
chapter on Hercynian is sufficiently 
short to reflect the surprising lack of 
interest by most geologists in this 
period, but does not adequately repre- 
sent the multiplicity of views which 
interested earth scientists. have ex- 
pressed. All three. as usual, also. suffer 
from a parochial ‘Laurentian’ view, 
with no consideration of the extension 
of such systems into, for example, 
Asia, 

The second half also suffers from an 
apparent desire to insert as many 
aspects as possible. It is a pity. for 
example. that the elementary outline 
of palaeomagnetism is not severly 
reduced to provide space for a discus- 
sion of how isotopic studies actually 


D. H. Tarling 


indicate the source for volcanics, as 
this knowledge is virtually assumed in 
the opening chapters. Similarly, the 
treatment of palaeoclimates is so 
elementary as to be almost unneces- 
sary. Also crammed within this half 
are the chapters on seafloor spread- 
ing, cordilleran mountain chains, 
palaeontological implications, island arc 
systems and an outline of the breakup 
of Pangaea. Some of these chapters 
tend to side-track, so that the breakup 
of Pangaea seems to be mostly related 
to the evolution of volcanic systems 
rather than the actual history of break 
up and separation which is again 
essentially in note form. 

One of the other new features of the 
book is an attempt to introduce 
sections of the characteristic mineralisa- 
tion associated with specific times and 
localities. This aspect clearly reflects 
the general, increased interest in the 
applicability of academic research to 
real problems. Windley is to be con- 
gratulated on his attempt, but this is, 
unfortunately, probably the least satis- 
factory part-—-even though this must 
be considered a major achievement. 
The problem is probably one of space, 
as most of the mineralisation sections 
are fairly bald statements of what 
minerals occur where, but with inade- 
quate discussion of why they occur in 
those particular places at those par- 
ticular times. To some extent such 
origins may still be unknown and 
would therefore be highly speculative, 
but it is disappointing to find that 


possible causative factors are not 
adequately discussed. The same is 
even more true for the appraisal 
of the changing tectonic processes. 


Drastically different tectonic regimes 
are described for the Archaean, 
Proterozoic and Phanerozoic, but 
the only causative feature which is 
described as being different is that of 
radiogenic heat production within the 
Earth. This change in heat production 
with time is quantified, but Windley 
does not offer any considerations for 
the implication of such changes to, for 
example, lithospheric thickness and the 
major, almost catastrophic, changes in 
the physical behaviour of the litho- 
spheric plates which occur as such 
changes took place. In other *words. 
there is really no discussion of the 
actual mechanisms-—discussions of con- 
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vection are mostly restricted to minor 
Archaean problems. On this basis, the 
book tends to be overly concerned with 
the end-products of mantle processes 
and virtually ignores the mechanisms 
by which they are derived, and there- 
fore why their operation may have 
changed with time. Some discussion of 
the vertical variation in the continental 
crust is also required and the way in 
which these differences have evolved 
should have been discussed. Reducing 
some of the side-lines in the second 
half and really considering the chang- 
ing mechanism of tectonic change 
would then have been more consistent 
with the title. 

The production is excellent and the 
illustrations are ample; in fact almost 
too many, as several could have been 
usefully combined. This tends to apply 
also to the text, where Windley’s desire 
to give other people’s views possibly 


would have been better presented as a 
clear statement with references. These 
features tend to make some parts seem 
rather too much like lecture notes, 
with slides of published work, than is 
desirable. Such comments are, however, 
intended sympathetically, as it would 
be hard to improve the text without 
grossly expanding the total length. 
Nonetheless, although improvements 
are possible, particularly in considering 
the mechanism of tectonic change, this 
book can be unreservedly recommended 
to final-year and postgraduate students 
both as a textbook and a source of 
references for further studies. It must 
be an essential on any final-year earth 
science reading list. E 


D. H. Tarling ts Senior Lecturer in the 
Department of Geophysics and Planetary 
Physics at the University of Newcastle- 
upon-T yne, UK. 





Dynamic 
Systems 


Synergetics; An Introduction. Non- 
Equilibrium Phase Transitions and Self- 
Organisation in Physics, Chemistry 
and Biology. By H. Haken. Pp. xii+ 
325. (Springer: Berlin and New York, 
1977.) DM72; $31.70. 


For some time now, it has been the 
main concern of the author to popu- 
larise the subject he has chosen to call 
“synergetics’’. To most readers, how- 
ever, this term is less familiar than the 
subject itself-—the theory of phase 
transitions in co-operative dynamic 
systems, applied to examples ranging 
from physics to sociology. Part of the 
material presented in this book is 
already contained in several review 
articles and conference proceedings, 
but now H. Haken presents in this 
volume a detailed and comprehensive 
account of the basic principles and 
applications of this “interdisciplinary 
field of research”. 

The term “synergetics’’ was prompted 
by the variety of dynamic systems 
stemming from physics, chemistry, 
biology and sociology which show 
striking similarities at their points of 
instability. As the book is meant to be 
a student textbook, the author provides 
in the first few chapters the math- 
ematical prerequisites. After some in- 
troductory sectioms on probability and 
information theory, the reader becomes 
acquainted with stochastic processes 
(Brownian motion, random walks and 
their description by Master equations) 
and deterministic motion (here, the 
concepts of stability, critical points, 
hard and soft mode excitations, limit 
cycles, and so on, are introduced). 


The connection between determin- 
istic and stochastic processes (or 
chance and necessity) is provided by 
the Fokker—Planck equation approach, 
which is discussed extensively and used 
to introduce the Landau theory of 
phase transitions. Combining all these 
concepts, the author then explains in a 
rather formal and abstract way the 
generation of order by self-organisa- 
tion. Then, separately, these formal 
considerations are applied to various 
examples. Starting from physics (laser 
and hydrodynamic instabilities), the 
reader is lead to nonlinear chemical 
reactions (with their showpieces, Brus- 
selator and Oregonator) and biological 
systems (models for ecology, evolution 
and morphogenesis); and, finally, a 
model for interacting social groups is 
presented. 

This book certainly serves its pur- 
pose as an introductory student text, 
as it requires little previous knowledge. 
Besides tradition (synergetics is not 
part of a usual university curriculum), 
the only obstacle to its wide distribu- 
tion among students may be its fairly 
high price. , 

Experienced readers will certainly 
profit from the variety of examples 
presented and the rather detailed refer- 
ence section, a good guide to the 
topical literature. It is a pity, however, 
that some of the important work of 
several Japanese groups on nonlinear 
chemical reactions is missing—instead, 
the author has chosen to cite un- 
published work carried out by his own 
group. But this minor weakness is by 
far outweighed by many advantages. 

R. Schranner 





R. Schranner is a Postdoctoral Fellow of 
the Max-Planck Institute of Biophysical 
Chemistry, Göttingen, FRG. 
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Quantum mechanics 


The Uncertainty Principle and the Founda- 
tions of Quantum Mechanics. Edited by 
W. C. Price and S. S. Chissick. Pp. 572. 
(Wiley-Interscience: London and New 
York, 1977.) £19.50; $38. 





BEING a collection of articles, this book 
cannot be quite faithful to its title: 
particularly since it is just one book in a 
series of books, each designed as a tribute 
to one of the founders of modern physics. 
Clearly, such publications are not intended 
to provide anything like a systematic and 
critical survey of a subject, especially when 
the latter is highly structured, as is the case 
with regard to the foundations of a disci- 
pline. But what such books can do is to 
present significant partial results and to 
direct the reader's attention toward recent 
specialised research. This is in fact what 
is achieved, and in a highly satisfactory 
way, by this book. 

Although I benefited from several of 
the valuable articles the book contains, let 
me follow my own taste in selecting just 
one for review: the contribution by 
G. Lanz. This paper bears on what is 
often considered to be the only problem 
remaining in the foundations of quantum 
mechanics, namely the problem of 
measurement. Its description of the 
difficulties besetting that problem is clear. 
So is its classification of the two concep- 
tions of quantum mechanics that (barring 
non-local hidden variables) one may still 
discuss quantum mechanics as the basic 
theory of physics or quantum mechanics 
as a mere theory of microsystems, 
anchored on a (still to be created) theory 
of macrosystems. The author considers 
that the first view should be dismissed 
because of insuperable difficulties with 
the problem of measurement. As for the 
second conception, it obviously requires 
a theory of macrosystems, and an un- 
ambiguous definition of what a macro- 
system is. 

Lanz acknowledges that he has until 
now no completely definite answers to 
such questions. He sketches, however 
(with some profusion of mathematical! 
detail), an approach based on Ludwig’s 
formalism which he believes is promising. 
It involves a limiting procedure the 
physical meaning of which is unfortunate- 
ly not discussed. The general idea is to 
extract from the N-body theory a part 
that could be used for a theory of macro- 
systems; the rest could then be thrown 
away as physically irrelevant. An interest- 
ing but perhaps premature question is 
whether the future theory will be able to 
define macrosystems in such a way that 
at least some finite (and really existing) 
systems are macroscopic. 


Bernard d’Espagnat 





Bernard d’ Espagnat is Professor of Theoretical 
Physics at the University of Paris-Orsay. 
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Outlines of 
Mercury 


The Atlas of Mercury. By Charles A. 
Cross and Patrick Moore. Pp. 48. 
(Mitchell Beazley: London; Crown New 
York, 1977.) £5.95: $10. 
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JupGING by the presence of the word 
“telescope” in the glossary at the back of 
this book, Cross and Moore are attempt- 
ing a relatively popular treatment of 
their subject. To this end, in addition to 
the glossary, they provide helpful dia- 
grams to explain anything that might give 
pause for thought; for example, why 
Mercury has a day which is two of its 
years long. This consideration, shown also 
in the innumerable illustrations and 
photographs provided, makes the book 
easy and informative reading for the 
relatively uninitiated; whereas, on the 
other hand, its comprehensive nature 
should mean that it is not without 
interest for more advanced readers. 

The broad scope of the book also 
provides a neat way of illustrating just 
how much of our present knowledge of 
Mercury we owe to that triumph of 
American technology, Mariner 10, since 
the whole history of observation (includ- 
ing much duplication) up to the time of 
Mariner 10, takes up far less of the book 
than the results gained from that one 
space-probe. Those who do not have the 
time to count the relevant number of 
pages need only compare Chapman’s 
pre-mission map of the planet (p5) with 
the map drawn by Cross. It ought perhaps 
to be remarked, however, that Chap- 
man’s map is the upper of the two 
described on p5 and that it is not the 
latest pre-Mariner map; this distinction 
belonging to a map drawn by J. B. 
Murray et al. (Icarus, 17, 576-584; 1972). 
Cross’s excellent maps, which form the 
basis of this book, are centred on the 
useful subsolar point, and the accompany- 
ing photographs give an accurate idea of 
the planet’s surface, perhaps the only 
omission being a high resolution picture 
of the Hilly and Lineated Terrain. Also, 
some mention of the processing these 
pictures have undergone might have been 
interesting. 

The text accompanying the pictures, 
however, is the weakest part of the book. 
There was just not enough geological 
nitty-gritty to maintain my interest in the 
endless succession of craters; and calling 
them circular “enclosures”, “formations” 
or “walled plains” did not help. It could 
be said that this is the criticism of a 
geologist, and rather unfair, since the 
book is an elementary one wherein the 
authors are clearly trying to keep things 
simple, but the approach of describing 
things by quadrants and vast numbers of 
photographs rather than subjects has 
provided gaps for the astronomy-orient- 


ated authors to stray into, and go astray 
in, the geological field. For example, on 
p24, it is argued that, because of the lower 
number of scarps and the “various 
younger craters and basins’, the area 
covered by the South-West Quadrant is 
younger on the whole than the South- 
East Quadrant. In fact, it is the oldest 
features which indicate the age of the 
terrain and in terms of age and distribu- 
tion of craters, the South-West Quadrant 
could be older, if anything, than the 
South-East, but whether it is or not, the 
statement would have been unnecessary 
in the first place if something more solid 
had not been cut out by the simplification 
process. 

A key to the age of the surface is the 
nature of the Intercrater Plains, which 
on pl8 are correctly described as the 
regions between the main craters (assum- 
ing there is nothing else there, such as 
Smooth Plains). In the next paragraph, 
however, it is stated that there is an 
“obvious” resemblance between this 
intercrater unit and the highlands of the 
Moon, which for the most part are 
nothing but craters. The original des- 
cription (Trask and Guest, J. Geophys. 
Res., 80, (17), 2461-2477; 1975) is quite 
clear: ‘“‘Intercrater Plains (unit) has a 
closely similar analog on the Moon in the 
Pre-Imbrian Plains of Wilhelms and 
McCauley (Miscellaneous Geological In- 
vestigation Map 1-703, US Geological 
Survey; 1971)”. That is to say, the 
Intercrater Plains are similar morphologi- 
cally to terrain situated between the main 
craters of a relatively sparsely cratered 
unit within the southern highlands of the 
Moon. The lunar unit is of much smaller 
extent and for this reason, among others, 
is not thought to originate in the same 
way. 

On p30, a prominent ray is said to be 
“clearly a northward extension of Heems- 
kerck Rupes”. If this is so, then it is an 
exciting discovery linking what has 
hitherto been considered as a superficial 
unit, thrown out by the impact of a 
meteorite, to a feature interpreted as a 
very large compressional fault scarp in 
the planet's crust. | am not excited. On 
p35 Rupes Zeehan is said to be formed 
from wall remnants of pre-Caloris craters. 
Certainly, it seems to be influenced by 
them, but faces the wrong way for the 
authors’ description to be correct. 

On p21, it is indicated that the large 
scarp in the crater Po Ya “seems to be” 
a lava front rather than a compressional 
feature. There are good examples of 
small scarps apparently confined to the 
Smooth Plains (not present in Po Ya) on 
some crater floors which some think 
might be the fronts of highly viscous 
lava flows (c.f. highly fluid mare basalts). 


The Po Ya scarp is not one of these. This | 


error is an example of the heavy volcanic 
bias present in the book. Thus, it is 
thoroughly misleading of the authors to 
suggest that there is any controversy Over 
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the cause of the craters on the Moon (and 
therefore Mercury), even if they do 
plump for a mixture of both impact and 
volcanic hypotheses. The vast majority of 
craters on the Moon, Mars and Mercury 
were caused by the impact of impinging 
space debris and because they are mor- 
phologically different from the volcanic 
features also present on the Moon and 
Mars (but not yet pointed out with any 
confidence on Mercury), there is no 
argument as to their origin. 

if all this is not entirely compatible 
with the implication in the proud claim 
on the cover that this is “the most concise 
and accurate account of the planet 
available” (Sir Bernard Lovell), it is also 
true that, although the mistakes tend to 
mislead or confuse as to certain pictures 
or features, they do not seriously mis- 
represent the fundamental processes 
which have shaped the planet’s surface. In 
addition, apart from the volcanic bias, 
the authors do strive throughout to 
maintain an admirable scientific restraint. 
For example, the attractive theory that 
Mercury was once a satellite of Venus is 
quite properly described as “still highly 
speculative”. On the whole then, this book 
can be commended to the readers for 
whom it was written. W. P. O’Donnell 





marmara itana Ei a i eaaa 


W. P. O'Donnell is a research student in 
planetology at University College, London, 
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Satellite technology 
The Versatile Satellite. By Richard W. 
Porter. Pp. +173 (Oxford University: 
Oxford and London, 1977.) £4.95. 





THe author sets himself the task of 
explaining “what a satellite is, how it 
is put into orbit (and why it does not 
promptly fall down again), what special 
considerations enter into its design, and 
especially what it is ‘good for’ and 
why”. Since all of this is attempted 
in 173 pages, it is not surprising that 
the reviewer, an environmental scien- 
tist, found the treatment of environ- 
mental applications was rather super- 
ficial. Nevertheless, a great deal of 
technical information is conveyed in 
a clear and concise manner. 

The book is well structured, begin- 
ning with the history of launching the 
satellites and their evolution from Ger- 
man and Russian rocketry. This is 
followed by a useful explanation of 
orbits and energy requirements for dif- 
ferent types of satellite configurations. 
In a discussion of design requirements, 
emphasis is placed on the special cir- 
cumstances of lack of atmosphere, 
absence of gravity, ionosphere, thermal 
environment, electromagnetic radi- 
ation, geomagnetic field, charged 
particle environment, and micro- 
meteoroids. The author praises the 
satellite designer for overcoming this 
unfriendly satellite environment with- 
in limitations of weight and cost. How- 
ever, the cost-benefit aspects of the 
satellite programmes are not discussed 
in depth in this book. 

The environmental scientist should 
have particular interest in those chap- 
ters explaining “what it is good for 
and why”. These discuss applications 
in the fields of communications; 
weather forecasting and monitoring; 
navigation; surveying the oceans and 
land: monitoring flora, fauna and fish; 
and spaceborne laboratory experiments. 

The impressive growth of satellite 
communications is well documented 
and the characteristics of Intelsat 
satellites are described in some detail. 
The technologist and engineer may 
revel in the details of stabilisation, 
antennas and electronic systems, but all 
readers will flinch in the face of space 
jargon —- for example, SPADE — “a 
super-acronym for single channel per 
carrier pulse code modulation multiple 
access demand assignment equipment”. 
Even Mr Porter is moved to comment 
that “the jargon gets worse and worse 
but really there is no way to avoid it”. 
Although agreeing with this, one wishes 
a glossary of acronyms had been in- 
cluded so that one does not have to 
hunt through pages to find the explana- 
tion of a particular term. 

The section of the book dealing with 
the surveying of the oceans and the 


land gives a good technical description 
of the “Earth's Resources Technology 
Satellites. Some of the illustrations 
used to demonstrate different spectral 
responses are disappointing, especially 
Fig. 7.6. Also one notes that the con- 
cept of the spectral signature, first 
mentioned on p98, does not receive 
further explanation until p127. Like- 
wise, problems affecting the spatial 
extension of supervised and unsuper- 
vised classifications of digital data are 
not discussed. As a result, the casual 
reader may be left with the false im- 
pression that recognition of crop types 
is a simple matter. 

The informed reader will feel that 
the present capability of LANDSAT 
in respect of mapping soils and land 
use is somewhat overstated. One may 
note that recent pronouncements by 
NASA officials are more cautious. For 
example, J. Morrison, (NASA Earth 
Resources Survey Program: Problems 
and Prospects. European Space Agency 
Symposium on Remote Sensing of 
Earth from Space, Strasbourg, 1977) 
writes “I do not think we will be able 
to do this (that is, the Worldwide Crop 
Information System) succesfully until 
about the 1984 period. The reason 
is that the present LANDSAT satellites 
simply do not have the resolution 
necessary for providing worldwide crop 
data, particularly in small field situ- 
ations’. Likewise, the assertion that 
plant disease can often be detected 
in satellite images before it is apparent 
to the casual observer on the ground 
was not borne out by the Corn Blight 
Watch Experiment (R. B. MacDonald 
et al., Results of the 1971 Corn Blight 
Watch Experiment, Proc. 8th Int. 
Symp. Remote Sensing of the Environ- 
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ment, 1, 157, Ann Arbor, Michigan; 
1973). It seems likely that such 
achievements must await the launch of 
LANDSAT-D and the Thematic Map- 
per. 
Perhaps the most interesting part of 
this book is the chapter entitled 
“Laboratory for Science; An Observa- 
tory for Astronomy”. This presents the 
case for space experiments and space 
observations in a succinct and effective 
manner. Subsequent sections dealing 
with the manned satellites and the 
Shuttle programme are also useful. 
One feels, however, that the role of 
the European Space Agency in the 
Spacelab programme could have been 
given greater prominence. In contrast 
to the space race between the US 
and the Soviet Union, the Spacelab 
programme provides a welcome 
example of international collaboration. 
Further discusion of Spacelab would 
also have revealed some of the initial 
limitations of the Shuttle in respect 
of mission duration and maximum in- 
clination of orbit when launched from 
the Eastern Test Range. 

In the last paragraph, Mr Porter 
notes that the future depends on the 
use that is made of satellite technology. 
It is increasingly apparent that there 
are considerable problems of techno- 
logy transfer to be overcome before 
satellite information will be used to 
its full potential. This book provides 
an interesting glimpse of the tech- 
nologist’s world and will help the 
potential user to understand some of 
the engineering constraints on satellite 
systems, L. F. Curtis 





L. F. Curtis is Reader in Geography at 
the University of Bristol, UK. 





Parasitic Protozoa 


Parasitic Protozoa. Vol. 4: Babesia, 
Theileria, Myxosporida, Microsporida, 
Bartonellaceae, Anaplasmataceae, Ehrli- 
chia, and Pneumocystis. Edited by J. P. 
Krier. Pp. xv +386 (Academic: New York 
and London, 1977.) $32.50; £23.05. 





I HAVE already commented on the fact 
that the scope of this series encompasses 
more than the Protozoa (Nature, 268, 773; 
1977); and favourably, as the treatment 
of parasitic Protozoa along with other 
parasitic organisms of similar basic 
behaviour, multiplying. in the vertebrate 
host, is more likely to be conducive to 
exchange of fruitful concepts than the 
traditional association of Protozoa with 
the helminths, organisms of a basically 
different mode of life. The present volume 
is an illustration of this useful format, 
presenting ten chapters dealing respect- 
ively with Babesia in domestic animals 
and in man and other hosts; with 
Theileria, Myxosporida, Microsporida, 


Bartonella with Grahamella, Anaplasma, 
Aegyptianella; with Eperythrozoon and 
Haemobartonella, Ehrlichiae and 
Pneumocystis. The volume deals with a 
range of organisms all of which are 
important in relation to disease in man or 
his domestic animals, interpreting the 
latter so as to include his cultivated fish 
and insects. 

The reviews are excellent up-to-date 
summaries of their subjects, many of 
which are diffusely scattered in the 
literature. They will be popular as 
systematic first readings or as reference 
guides to the ‘state of play’ of their 
respective subjects. The book is well 
presented and indexed, with a few line 
diagrams and half-tones; the last do not 
receive special treatment as regards the 
paper on which they are printed and so 
are adequate rather than excellent. 

W. H. R. Lumsden 
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W. H. R. Lumsden is Professor of Medical 
Protozoology at the London School of Hygiene 
and Tropical Medicine, London, UK. 
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Another nuclear option 


THE world will need a new source of energy when the 
oil and gas runs out: on that most are agreed, from 
the Friends of the Earth to the toughest champions of 
the nuclear industry. But how much energy? By when? 
And from what source? These are highly political 
questions, but they involve a technical one: what 
sources of energy are there? This question in turn, how- 
ever, is not entirely apolitical. The gigantic momentum 
of the nuclear industry, set up to tame the atom bomb 
and, no doubt, to salve the consciences of the physicists 
(“We have known sin,” said Oppenheimer, after 
Hiroshima), has determined the principal option: 
the fission of uranium nuclei. There has been too little 
cash for options other than nuclear and too little 
work on them. One thinks first of such fashionable 
renewable resources as wind, wave, sun, and geothermal 
energy. But, it turns out, it is not only renewable 
resources that are under-researched. There are specific- 
ally nuclear options that have passed almost unnoticed 
-as our feature this week shows (page 376). 

The nuclear industry cannot continue indefinitely 
with existing reactors, for they consume only a tiny part 
of natural uranium-—-the fissile isotope “U. The bulk 
of the uranium, consisting of stable U, is “wasted”. 
This was clear at the beginning of the nuclear power 
programme, so it was natural to develop a system which 
would burn the U. This was the fast breeder, which 
lets the chain reaction in the *“U go so fast that some 
of the released neutrons convert the *“U to fissile plu- 
tonium, Pu. The plutonium they “bred” can in turn 
chain-react to produce energy. This system is not only 
economical in uraniumit seems on the face of it to be 
necessary in a principally uranium-based economy, for 
the energy-equivalent reserves of U that are extract- 
able with a net yield of energy amount to only one- 
fifth of the oil reserves. Hence the dash of the nuclear 
industry towards the fast breeder reactor. 

Yet there is an alternative to the fast breeder which 
will still conserve uranium-——the thorium-uranium cycle. 
Perhaps it was the military need for plutonium; perhaps 
it was the simple logic of reaching towards the untapped 
99% of uranium, the teasing **U nucleus, that con- 
centrated all attention on the fast breeder. But the 
Th-U cycle, which, at least according to its growing 
band of advocates, avoids the tremendous power 
density of the fast breeder core ($ MW per litre, com- 
pared with 3 to 100 kW per litre for a thermal reactor), 
which reduces the problem of the long-lived wastes 
like americium and curium, which protects against 


illegal diversion of fuel (it becomes highly radioactive), 
and which with proton accelerators to “top-up” the 
fissile content of the fuel rods might even avoid 
reprocessing altogether, has been looked at hardly at all 
outside some work in Canada and the US. 

Pressure to work on the cycle comes from those 
resisting the fast breeder, and also from an unexpected 
source—accelerator physicists. The latter are to be dis- 
tinguished from the high energy physicists who merely 
use accelerators. In a time of declining budgets for high 
energy physics the accelerator physicists are looking for 
someone else to sell their accelerators to; and the energy 
business seems a good bet. Yet they should not be dis- 
missed for their self-interest; they are ingenious people 
and their proposals should be looked at carefully. 
Already they have initiated what may be the fastest 
route to fusion power (ion beam fusion). In the Th-U 
cycle they are offering ways of improving the efficiency 
of the cycle beyond what seems possible in the 
Canadian CANDU reactors until the cycle reaches true 
breeding—the creation of more fissile nuclei, from a 
non-fissile source, than are consumed in the reactor. It 
seems impossible to consider the Th-U cycle without 
considering the contribution the accelerator physicists 
can make. 

-© Once breeding has been established in the Th-U cycle 
the reserves of thorium, not uranium, are the ultimate 
constraint. There seems to be plenty of thorium about, 
with major reserves in Canada, India, and the USSR. 
There is probably quite enough extractable with suffi- 
cient energy economy to exceed the energy reserves of 
the fast breeder fuelled on uranium. | 

Leaving aside the vexed arguments about whether we 
need a nuclear power source anyway, whether it is even 
economic, and whether its capital intensity is appro- 
priate for the Third World (which is potentially the 
world’s major energy consumer), it would seem at least 
that the thorium-uranium cycle, with accelerator back- 
up, should be given very serious attention as part of the 
political energy equation. It may be, of course, that it 
is too late; that we will need our new sources of energy 
before Th-U can be developed into a commercial pro- 
position. Or that the philosophically and—if you are of 
a certain leaning—politically attractive renewable re- 
resources, together with energy conservation and coal, 
will become practical and economic alternatives before 
you can say “fast breeder”. In fact, given the opposition 
to the latter, Th-U plus accelerators may be the nuclear 
industry’s last chance. 3 5 
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Conserving uranium 
without the fast breeder 


The fast breeder, with all its dangers, is not the only way 
forward for the nuclear power programme. John Davies explains 


NATURAL uranium, unaugmented 

by breeding, will provide a rela- 
tively small reserve of energy: uranium 
energy reserves amount to only one- 
fifth those of oil. The best-promoted 
nuclear solutions to this problem are 
the fast breeder reactor (FBR) and 
controled fusion. The former is a 
means of stretching the uranium re- 
sources by two orders of magnitude; 
the latter promises virtually unlimited 
power from sea-water. Neither method 
is straightforward, although both were 
being discussed in undergraduate lec- 
tures twenty years ago. A commercial 
FBR is not yet operational and the 
design of a fusion reactor providing 
energy break-even is still in the un- 
planned future. Moreover FBRs, with 
their use of plutonium, are responsible 
for many of the strong, reasoned objec- 
tions to nuclear power. However, few 
have realised that there are several 
other ways of breeding fissile materials 
that avoid fast reactors and their 
problems. 

Breeding——creating fissile from non- 
fissile material—-requires an intense 
source of neutrons. Neutrons can be 
produced by an FBR; or by a fusion 
reactor (yet to be built); or by using 
proton accelerators. The last option 
has not been widely discussed. 


To make the arguments clear, I shall 
first describe some of the basic physics 
occurring in reactors, particularly to 
explain what “breeding” is and why it 
is essential. I shall then look at the 
objections to FBRs before examining 
the alternative means of breeding to 
demonstrate a system that I believe is 
practical, economically viable, and safe. 


As medium-weight nuclei are the 
most stable, considerable amounts of 
energy are generated either when two 
light nuclei fuse together, or when a 
heavy nucleus splits into two smaller 
ones (undergoes fission). To exploit 
either possibility requires an energy 
barrier to be overcome. (If there were 
no energy barrier all light or heavy 
nuclei would by now have fused or 
fissioned leaving ‘only medium-weight 
nuclei.) Another requirement (in 
fission) is a mechanism for maintaining 
a chain reaction—-where the fission of 
one nucleus in turn induces the fission 
of others. 


In fission, the energy barrier is, 
roughly speaking, the surface tension 
of the nuclear droplet. A heavy nucleus 


approaching fission becomes progress- 


ively distorted, and the energy of the 
increased surface provides the fission 
barrier (small droplets of water are 
stable for the same reason). The impact 
and interaction of a neutron of the 
right energy overcomes this energy 
barrier. If, in turn, each resulting 
fission releases more neutrons (as it 
will, as heavy nuclei are neutron-rich) 
the neutrons will maintain a chain 
reaction with an unending succession 
of nuclei being induced to split. 

Let us now consider fission in more 
detail. Thermal reactors use the fissile 
nuclei "U, "U and Pu where the 
binding energy provided by the capture 
of a thermal neutron is sufficient to 
overcome the surface energy barrier 
against prompt fission of the resulting 
HU, U and “Pu. Each induced 
fission also provides several neutrons 
which can then start a chain reaction. 
But the trouble is that the isotopes “U 
and Pu are artificial; and "U is a 
rare isotope of uranium, the most 
abundant being ?*U. 

Unfortunately, the abundant **U 
will not do for fission, as the figure 
shows. This plots the effective number 
of neutrons per fission (7) against the 
kinetic energy of the captured neutron; 
and shows the fission neutron energy 
snectra in thermal and fast reactors. In 
contrast with (say) "U, the last, odd 
neutron in *“°U has a smaller binding 
energy. Consequently only the most 
energetic neutron coming from fission 
can cause further fission by capture in 
U and so ĦU cannot maintain a 
chain reaction. 

With thermal reactors only, using 
natural uranium, uranium resources 
are insufficient to maintain a long-term 
nuclear energy programme. The only 
naturally occurring fissile isotope is 
nU, present at 1 part in 140 of U. 
Moreover it is only part-burnt in 
thermal reactors. This leads to the idea 
of trying to “breed” fissile isotopes, by 
using the excess neutrons in the chain 
reaction to create fissile nuclei in other- 
wise non-fissile elements. 

From each fission of “U one 
neutron is required to maintain the 
chain reaction and 0.2 neutrons escape. 
Any excess over 1.2 neutrons could be 
used to convert "U or *"Th to fissile 
"Pu or U via 
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(Here the notation A(n,y)B means 
nucleus A absorbs an incoming neutron 
and becomes nucleus B, emitting a 
gamma ray (a photon) in the process. 


The notation B———> C means B decays 
x min 

by 8 emission to C with a half-life 

of x minutes.) 

The difference between the two re- 
actions is that the first needs fast 
neutrons, while the second can use 
slow ones. The reaction *“*U->?**Pu 
occurs to a small extent in present 
thermal reactors (in so far as there 
are a few fast neutrons around) and 
chemical processing can enable up to 
1% of all available uranium to be 
burnt. Even so there is probably little 
point in planning further thermal 
reactors (as there will be insufficient 
uranium to fuel them and existing 
reactors). 


Breeding in a fertile blanket 


The fissile material for reactor fuel 
can be produced from fertile material 
using the excess neutrons from a 
reactor and the above reactions. In 
practice this could be done by sur- 
rounding the reactor with a ‘blanket’ 
of fertile material where the spare 
neutron would then ‘breed’ new fuel. 
In fact if » 22.2, with one more 
neutron per fission than required to 
maintain the chain reaction, then 
breeding in a fertile blanket will main- 
tain or increase the fissile content and 
allow almost all the uranium to be 
burnt. The figure shows that a fast 
reactor burning **°Pu surrounded by a 
fertile U blanket absorbing the excess 
fast neutrons is the best bet. 

Is this really true? Much of the 
reasoned objections to nuclear power 
are consequent on the following prob- 
lems of the fast breeder reactor: 

@ New technology—breeding around 
a 500 MW dustbin whose reactivity— 
burning rate—can be accidentally in- 
creased in micro-seconds:; no artificial 
control is fast enough. 

@ Time—whether thermal reactors can 
produce enough Pu to fire a FBR 
regime whose time to breed the initial 
fissile content is anyway commensur- 
ate with their working life. 

© The expensive, messy and dangerous 
chemical separation of fissile materials, 
in particular **Pu, from spent fuel 
elements. This separation greatly in- 
creases the possibility of 

© Pu being diverted into nuclear 
weapons; this is further exacerbated by 
the considerable transporting of fissile 
material and by inaccuracies of assay 
of Pu, which can be so large as to be 
greater than the amounts needed for 
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many bombs. (This is called the 
“Muf’’—-materials unaccounted for—- 
problem.) 


® The cost—-as yet not evaluated— 
capital, running and political—es- 
pecially for trying to make them safe. 

Thermal reactors on the other hand 
involve established technology. The 
figure shows that such a reactor fuelled 
with ““U has a breeding gain (7—2.2) 
greater than 1.00 ie., as much U 
will be created in a Th blanket 
(absorbing the slow neutrons) as is 
burnt as fuel. Unlike **Pu, "PU is auto- 
matically safeguarded against illegal 
diversion into bomb-making by the 
intense y-rays coming from the simul- 
taneously produced *’U: additionally 
one can add sufficient "U to make life 
difficult for the bomb maker but still 
keeping the "U fissile. Such reactors 
avoid plutonium and the technological 
problems of FBRs. Also they ease the 
waste problem: the proportion of 
difficult transuranic elements (which 
take a long time to decay) is consider- 
ably reduced. 

Thermal reactors fuelled on **U can 
have a breeding gain of 1.00 or greater 
in a Th blanket. But considerable de- 
velopment would be necessary to make 
this economic. Additionally chemical 
re-processing of the spent fuel rods, as 
yet undeveloped, may be necessary. 

Consider what a well established, 
practical and economic reactor can do 
with a Th-U cycle. The Canadian 
Deuterium Uranium (CANDU) series 
of heavy water moderated thermal 
reactors have high neutron economy 
and use natural uranium so there is no 
chemical separation. They can operate 
on a Th-U cycle with breeding gain 
as large as 0.92, Thus to use all the 
available thorium requires only 8% of 
the **Th atoms to be converted to 
HU by non-nuclear means. 

Some fusion enthusiasts are lowering 
their expensive sights, ignoring energy 
output and promoting fusion reactors 
as intense neutron sources for fertile to 
fission conversion. This is not sur- 
prising! Fusion reactor design is replete 
with problems such that only a 2000 
MW TOKAMAK has promise of creat- 
ing as much energy as it consumes even 
with the most easily ignited D(T, n) 
‘He reaction. It is possible that the 14 
MeV neutron is far more valuable for 
breeding than for heating, each 
neutron converting two or more fertile 
atoms into fissile ones. Even so despite 
the relaxed conditions for only provid- 
ing neutrons fusion technology is still 
a dream and many regard a hybrid 
arrangement as combining the worst 
features of fission and fusion. 


Proton accelerators 

Of all the big advanced technologies, 
that of accelerator building can claim 
to have established the most consistent 


track record. The high intensity 
accelerator at Los Alamos is well on 
the way to its design beam current, 
the CERN SPS is working ahead of 
schedule within its design budget while 
the high energy accelerator at the 
Fermi Laboratory is already 24 times 
its original design energy. At several 
laboratories high intensity accelerators 
are now replacing fission reactors as 


research instruments providing high 
intensity neutrons. 
The intense neutron fluxes from 


such particle accelerators can effect 
fertile-to-fissile conversion and so pro- 
duce far more energy than they 
consume. A 1 GeV proton interacting 
in a uranium target produces 60 low 
energy neutrons by a process known as 
spallation; each neutron can change 
one “PTh atom into one U atom in 
a fertile thorium blanket surrounding 
the uranium target; each U atom 
can fission in a CANDU reactor pro- 
ducing 200 MeV of available kinetic 
energy; of every 100 =U atoms so 
burnt, 92 will have been produced in 
a thorium blanket around the same or 
similar reactor while only 8 will have 
had to be produced via an accelerator. 
So effectively a single 1000 MeV proton 
produces 


100 
60 X -= X 200 = 150,000 MeV 
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This is possibly a lower estimate as 
there may be neutron multiplication in 
the blanket. 

Accelerators are inherently cheaper 
to build than reactors and a large pro- 
portion of the accelerator operating 
power could be provided from heat 
generated in the target. The accelerator 
design criteria are high efficiency of 
radio-frequency power to beam energy 
conversion, minimal power usage in 
other parts of the accelerator (such as 
magnets) and high extraction efficiency. 


tao 
23 rT L 
U 

f 

1000 

100 
RELATIVE 
NEUTRON 

RUX 10 





S A N O 
ow wt w ow wt ow ot w o g 
NEUTRON ENERGY (ev) 


The ratio of neutrons emitted to neutrons 
absorbed, in collisions between neutrons 
and nuclei, plotted against neutron 
energy. Also shown are the neutron 
spectra from fission directly (dotted line) 
and in a thermal and fast breeder reactor 
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Most work on meeting these require- 
ments has involved a high intensity, 
medium energy, linear accelerator 
which is essentially an extension of the 
800 MeV Los Alamos machine, now 
being worked up to imA_ beam 
current. However, as a good example 
of lateral thinking, is a suggestion that 
these requirements can also be met by 
a low current, very high energy 
accelerator, an extension of the 400 
GeV CERN SPS or the 500GeV 
accelerator at the Fermilab. 

A Canadian group including Fraser, 
Hoffman and Tunnicliffe at Chalk 
River are designing a 100-300 mA, 
1GeV proton linear accelerator that 
would breed enough fuel to supply the 
8% deficiencies of a dozen, 1,000 MW 
CANDU reactors operating on a 
uranium—thorium cycle. The fertile 
blanket would consist of new fuel pins 
that would subsequently go directly to 
the reactor after a pause to allow for 
“Pa decay. A sophisticated fuel 
management scheme is conceivable in 
which partially-burned fuel pins are up- 
graded by re-insertion in the target and 
then returned to the reactor. 

Another suggestion, from Wilson at 
Fermilab, is for a superconducting 
1000 GeV accelerator with an intensity 
of 1-210" protons per second. At 
this energy the number of spallation 
neutrons is still increasing linearly with 
energy and so a single proton will pro- 
duce 60,000 neutrons in a block of 
uranium. High energies and low 
currents mean low beam loss and 
efficient conversion of radio-frequency 
power to beam energy for protons 
travelling close to the velocity of light. 
Fermilab’s superconducting energy 
doubler will provide 1,000 GeV protons. 
The intensity required for energy 
break-even must be increased from the 
present 10° protons per pulse by an 
amount that one has come to expect 
over an accelerator’s life-time. This 


100 
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multiplication obtained by breeding 
HU for CANDU reactors. 

Accelerator spallation neutron 
sources are being built at several 
laboratories as research instruments to 
replace fission reactors as a source of 
high intensity neutrons. Accelerator 
scientists regard upgrading spallation 
sources for breeding purposes as a 
reasonable extrapolation of existing, 
successful techniques. This would make 
the thorium—uranium cycle in thermal 
reactors a serious contender as a 
nuclear fuel source with the* added 
bonus (to many the over-riding attrac- 
tion) that objectionable material need 
never be removed from the fuel 
rods. = 
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The Ganges shared out 


BANGLADESH and India have agreed to 
share the water from the Ganges and 
to increase the river’s flow. The interim 
agreement lasting five years, which the 
two countries signed on 5 November, 
states that they will share the water 
during the dry months from 1 January 
to 31 May. Estimates of the amount 
of water available are based on the 
recorded flow of the Ganges at 
Farakka from 1948 to 1973. The 
water will be released to Bangladesh 
for ten days at a time in three instal- 
ments each month from January to 
May. 

The agreement also provides for 
water sharing during the driest period 
from 21 April to 30 April. At that 
time, water sharing between India and 
Bangladesh will be at the rate of 20,500 
cubic feet per second and 34,500 cubic 
feet per second respectively. The total 
flow at Farakka during the period 
averages 55,000 cubic feet per second. 
The actual availability above or below 
the amount calculated for the period 
will be shared between the two 
countries in the same proportion. The 
signing of the agreement marks the 
culmination of protracted negotiation 
between the two countries which has 
lasted for 25 years and it is thought to 
be unique between riparian states. 

The agreement was signed at about 


the same time as the Second 
Committee of the United Nations 
Environmental Programme (UNEP) 


constituted an intergovernmental group 
of experts to draft guidelines for 
sharing natural resources harmoniously 
between states. A Bangladesh repre- 
sentative has proposed that a con- 
ference on international rivers be 
organised to evolve and strengthen an 
institutional framework on a national, 
regional and international basis to deal 
with the problems of exploiting and 
developing international rivers. It is 
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also suggested that UNEP should be 
responsible for advising on the develop- 
ment and non-wasteful use of national 
resources based on sound environmental 
policy. 

The importance of the Ganges to 
Bangladesh can be judged from the 
fact that the Ganges delta covers about 
37%, of the total area of Bangladesh, 
and contains about one-third of the 
total population of the country. The 
river provides water for drinking and 
other domestic and industrial uses, 
sustains agriculture, forestry and fish- 
eries, and facilitates in-land navigation. 
The increasing demand for greater 
agricultural output means that water 
is needed throughout the year. The 
water available during the dry months 
may not be enough for the four 
thousand acres of paddy land de- 
pendent on the Ganges. 

The task of feeding the fast growing 


UK Energy Commission meets 


THE DESIRE of Mr Tony Benn, Britain’s 
Secretary of State for Energy, to see a 
fully-integrated national energy policy 
came a step nearer to fruition on 
Monday with the first meeting in 
London of the  newly-established 
Energy Commission. 

The commission is an advisory body 
set up earlier this year to provide a 
regular forum for representatives of 
both the producers and consumers of 
energy, to discuss long-term strategy 
and specific problems. 

Mr Benn, speaking after Monday’s 
meeting, said that he was aware that 
the Energy Commission did not re- 
present as powerful a set of voices on 


alternative as on traditional sources of 
energy—at least as far as research and 
development was concerned. 

“The Government has been criticised 
by Sir Brian Flowers, as chairman of 
the Royal Commission on Environ- 
mental Pollution, and others for not 
paying enough attention to alternative 
sources of energy, and this is a 
criticism which we accept,” he said. 

One of the first requests which he 
had made to Sir Hermann Bondi, re- 
cently appointed chief scientist at the 
Department of Energy, was to look at 
the balance of research effort and in- 
vestment between conventional and 
more novel forms of energy produc- 
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population of Bangladesh from the 
limited land and water resources is a 
challenging problem. Cultivating rice, 
the staple food of the people, is con- 
fronted with two serious handicaps— 
the excess of water during the monsoon 
and its scarcity throughout the dry 


months. Controlled irrigation is an 
alternative but expensive proposition. 
The Bangladesh Planning Commission, 
in consultation with the Water Re- 
sources Division and the Water De- 
velopment Board, has proposed four 
pilot projects, for four different zones 
of the country, to develop a way of 
conserving water during the wet season 
and making it available to the farmers 
for the rest of the year, particularly 
during the lean months. The water con- 
servancy programme will also provide 
a suitable environment for pisciculture 
and other aquatic sources of food. 
M. Kabir 


tion. 

A great advantage of research in this 
area was that it was relatively cheap, at 
least in comparison with the capital in- 
tensive investment stages. “It would be 
sensible for us to expand our support 
for research over a wide range of pos- 
sibilities, and then let the development 
stage bid for part of the energy budget. 
This is an area in which I am con- 
vinced that, given the determination, 
we can make more efforts more 
quickly.” 

The 24-members of the commission 
include representatives of the energy- 
producing industries, relevant trade 
unions, various employers’ organisa- 
tions and consumer bodies. It has been 
created by Mr Benn following last 
year’s National Energy Conference, at 
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which the issue of energy policy was 
for the first time in Britain officially 
pushed into the arena of public debate. 

According to its terms of reference, 
which were announced by Mr Benn in 
July, the commission will be concerned 
with two main issues: the develop- 
ments of a strategy for the energy 
sector in the United Kingdom, and 
specific aspects of energy policy that 
arise from time to time. 

On both of these, according to Mr 
Benn, the commission will “seek to 
form an agreed view”, feeding into the 
process by which he hopes that the 
Government will eventually be able to 
publish annual reports on the energy 
Situation. These would contain reviews 
of decisions taken, current prospects, 
and matters likely to come up for 
discussion. 

As a first step, the Government is 
expected to publish a Green Paper on 
energy policy in Britain early in the 
new year. This will be based on a 
working document on energy policy 
which was prepared for the Energy 
Commission, and published by the 
Department of Energy last month. 

The working document, which was 
welcomed by environmentalists as in- 
dicating slightly more tentative attitude 


A second bang in the 


THE Kyshtym event of 1958 in many 
ways parallels the Tungus event of 
1908. Both took place in darkest 
Russia. Both attracted virtually no out- 
side attention for almost two decades. 
And both, once publicised, became the 
subject of much speculation, both in- 
formed and uninformed, with every 
new piece of evidence only adding to 
the mystery. 

One of the few clear pieces of 
evidence to what happened at Kyshtym 
is given by Dr Lev Tumerman, now of 
the Weizmann Institute. He visited the 
area in 1961 and reports extensive 
devastation, typical of a nuclear dis- 
aster. Dr Tumerman, however, will not 
commit himself on the cause, stating 
only that it could not have been an 
accident in an operational power 
station, since at that time the Soviet 
Union possessed no such installation. 
Even in 1961, the first such station, at 
Beloyarsk, was still in the foundation- 
laying and concrete mixing stage. 

Dr Zhores Medvedev, who visited 
the area at much the same time, is 
convinced that the explosion occurred 
in a nuclear waste store. Although the 
storage of waste products involves a 
real leakage hazard, it is difficult to see 
how it could cause an explosion. One 
Russian scientist (not a nuclear phy- 
sicist), told Nature that he himself felt 
that Medvedev’s explanation was quite 
possible, since the Soviet regime pro- 


towards energy issues than previous 
government statements, and reduced 
by 10 per cent an earlier forecast of 
energy needs in the UK by the year 
2,000, was one of the main items on 
the agenda of Monday’s meeting. 

Among the comments made, for 
example, was that little attention had 
been given to the problem of the avail- 
ability of skilled manpower for the 
energy industries, a point which Mr 
Been said would, like others made at 
the meeting, be taken into account in 
the drafting of the Green Paper. 

Mr Benn expressed satisfaction, how- 
ever, that in line with what he calls a 
“consensus approach to energy policy”, 
the members of the commission had 
given general support for the working 
document which was to form the basis 
of the Green Paper. “We have hit on 
an energy programme for December 
1977 which can claim a wide measure 
of public consent and understanding”, 
he said. 

He emphasised, however, that the 
commission was purely advisory. Al- 
though it provided a chance for the 
various power industries to compare 
notes on their future programmes, 
there was no suggestion that the com- 
mission should take over either the 
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duces in its scientists an “attitude of 
neglect”, so that proper precautions are 
everywhere ignored. This explanation 
would, however, apply equally to an 
explosion at a prototype reactor plant, 
as much as at a waste dump. 

The latest step in the enigma is posed 
by the release of hitherto secret docu- 
ments by the CIA. Fourteen documents 
were released; another 15 exist but are 
still considered too sensitive, so that, 
as seems typical for Kyshtym, only par- 
tial evidence is available. The involve- 
ment of the CIA itself raises a number 
of questions; in particular, was the 
notorious U-2 flight over the area 
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responsibilities of the fuel industries, or 
those of the established Parliamentary 
and Governmental channels. 

It remains to be seen whether this 
will be sufficient to maintain the con- 
fidence both of the nationalised in- 
dustries, with their recently-expressed 
concerns about government “‘inter- 
ference”, or the trade union representa- 
tives, who would like a body such as 
the commission to assume a great 
executive responsibility. 

Earlier this year Mr Frank Chapple, 
general secretary of the Electrical, 
Electronic, Telecommunication and 
Plumbing Union, and chairman of the 
TUC’s Fuel and Power Industries 
Committee, six of whose members 
represent the trade union interest on 
the commission, suggested that there 
was a need for a body such as the 
commission to ‘bang heads together 
and work out mutually agreed 
policies”. 

Mr Chapple warned: “We are not 
prepared to rescue the formulation of 
energy policy from the short-term 
vagaries of the market-place only to 
see it taken over by bureaucrats in 
Whitehall and removed from the public 
domain.” 

David Dickson 


simply part of a routine Union-wide 
patrol, or was the unfortunate Gary 
Powers sent to confirm reports already 
received from a ground-level contact? 

Much more mysterious is the fact 
that the CIA material mentions two 
explosions, one in 1958 and one in 
1959. It seems on the face of it unlikely 
that two nuclear accidents could occur 
in successive years—even if we admit 
that an atmosphere of neglect makes 
Soviet installations peculiarly accident- 
prone, the fall-out from the first dis- 
aster would have surely led to the 
abandonment of the area, with the 
shut-down of any project already 
operating. Vera Rich 


Was Tungus an astronaut? 


SINCE the first expedition, just 50 years 
ago, to the site of the “Tungus event” 
of 1908, the explosion has posed a 
major riddle to geophysicists. The 
latest in a long line of theories, that of 
a certain Aleksei Zolotov, poses a 
further mystery—how, in the condi- 
tions prevailing in Soviet science, did it 
ever get published? 

It is well-known that the publication 
of scientific articles in the Soviet Union 
is subject to strict controls. No paper 
may be submitted without a special 
certificate from the author’s place of 
employment-—-a regulation which, it 
would appear, leaves no outlet for 
either the gifted amateur or the harm- 


less crank. When Soviet science has, on 
occasion, followed its own course, un- 
acknowledged by the outside world, 
this has been due to either the party 
bypassing normal academic procedures 
—as in the case of Lysenko—or else to 
the initiative of the topmost echelons 
of the scientific establishment—as with 
the blanket denial of ocean-floor 
spreading, or Snezhnevskii’s theory of 
“creeping schizophrenia”. 

Recently, however, Moscow radio 
broadcast in both Russian and English 
a “new explanation’? of the Tungus 
“enigma”. The theory itself is not new 
to Western readers of fringe publica- 
tions: the devastation, it is claimed, 
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was due to the explosion of an artificial 
“alien body”, and involved nuclear 
reactions. Within the apparently mono- 
lithic structure of Soviet scientific pub- 
lishing, its appearance, however, is 
startling. 

There have been a number of expedi- 
tions to the Tungus area in recent 
years. Detailed analyses of soil and 
peat samples have been made, reveal- 
ing, inter alia, a large quantity of 
silicate particles (diameter less than 
200 wm) in the 1908 peat layers near 
the epicentre. Last March, Professor 
Emlen V. Subbotovich, the geo- 
physicist, announced the findings of 
these expeditions: all previous theories, 
he said, including anti-matter, meteor- 
ite, or alien spacecraft, were wrong. 
The explosion was caused by a comet- 
like body, with density not greater than 
0.9gcm™. His pronouncement was 
made with all the concomitants of a 
definitive pronouncement. Where, then 


For years, many adult middle-class 
males have tried to substitute diet for 
exercise in warding off heart attacks. 
The research effort on this “‘diet-and- 
heart” question, says George Mann, 
“has ended in disarray.” Dr Mann’s 
conclusions were noted in Nature (3 
November, page 2) by Dr Rivers. 

The popular dogma, which dates 
from around 1950, has said that diets 
low in saturated fats and cholesterol, 
but containing polyunsaturated fats 
(PUFAs), will produce lower blood- 
cholesterol levels and will lessen the 
risk of coronary heart disease. The 
idea was well-accepted; it was sup- 
ported by many prominent clinicians 
and nutritionists. Sales of vegetable 
oils grew apace, especially those oils 
for which a slightly higher-than- 
average content of esters of essential 
PUFAs could be claimed. Big fields 
of thistle-like safflowers yellowed the 
landscape with their blossoms. Saf- 
flower seeds furnished the cordon 
bleu of vegetable oils, so rich in 
PUFAs that you could just feel it 
doing you good. The oil was hydro- 
genated to make margarine, even 
though, as George Mann points out, 
the hydrogenated, and hence trans, 
fatty acids have a hypercholesteremic 
effect. Butter, cream and eggs were to 
be shunned. 

What was the effect of 25 years of 
these measures? By 1977, as Dr Mann 
points out, the results show that “ʻa 
huge cohort of persons past middle 
age has been recruited to a futile 
regimen of dietary restrictions’. No 
diet therapy has been shown effective 
for the prevention or treatment of 
coronary heart disease. Two of five 
dietary regimes in which vegetable 


does Zolotov’s theory fit in? 

Last week, a former member of 
several Tungus expeditions visited 
London—Dr Khronid Lyubarskii, who 
was recently exiled for his part in the 
dissident human-rights campaign. Dr 
Lyubarskii, an astrophysicist specialis- 
ing in the physics of meteors and 
meteorites, fully endorsed the official 
view that a comet was responsible for 
the Tungus event. According to him, 
Zolotov, who was described in the 
broadcast as a mathematician and 
physicist, was originally an engineer 
from an oil prospecting team. How he 
first became involved with Tungus is 
not clear; the impression which Dr 
Lyubarskii gave of him is, however, a 
familiar one—the self-appointed ‘“‘ex- 


pert” who in his own opinion knows 


far more than the scientist in the field 
Zolotov’s article, it turns out, did not 
appear in any scientific journal; hence 
no “certificate” was needed. It was 


oils were featured showed an increased 
incidence of deaths from cancer in 
the treated groups. 

This may be meaningless, but 
several experiments have shown an 
increase in tumour incidence in rats 
on diets high in polyunsaturated fats, 


Sursum corda 
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such as sunflower-seed oil and corn 
oil, as compared with saturated fats. 

The vegetable oil motif was for 
many years the official guide to cook- 
ing and eating. Who would dare to 
challenge the sonorous pronounce- 
ments of medical authorities when 
the punishment for such heresy was 
incapacitation or death? We could 
almost feel the waxy cholesterol and 
tallowy fats clinging to our arterial 
walls after we suicidally wolfed down 
scrambled eggs or lamb_ chops. 
Thoughtful, health-oriented advertise- 
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published in the monthly Turist—per- 
haps in the hope of attracting holiday- 
makers into the further reaches of 
Siberia. And for popular journals, ex- 
plained Dr Lyubarskii, while there is 
strict political censorship, there is no 
control of ‘scientific’ (or pseudo- 
scientific) content. 

It is perhaps inevitable that genuine 
scientific research is surrounded by a 
penumbra of more or less wild specula- 
tion; indeed, this may be a necessary 
factor in the growth of science. One of 
the dangers of a monolithic state- 
controlled scientific establishment is 
that the rigid structure of the system 
can exclude the brilliant amateur, and 
also the scientist trained in one dis- 
cipline, who, like Pasteur, does his 
most significant work in another. How- 
ever wild Zolotov’s theory, the fact 
that it can still find an official outlet 
in the Soviet Union is a happy omen. 

Vera Rich 


ments gave us tasty recipes, made 
with vegetable oils. Sugar was added 
to the list of culprits; it could 
allegedly give rise to “hard fats” 
when metabolised. In any case, sugar 
is sweet, and therefore, sinful. 

A new ascetism burgeoned and, 
true to type, its main objective is 
restoring sybaritic evil-doers to the 
path of dietary righteousness. Its 
leader is Senator George McGovern, 
whose committee on ‘Nutrition and 
human needs’ has issued a preposter- 
ous report on ‘Dietary goals’ which 
calls for governmental action to im- 
plement the prejudices of its writers. 

The report says, among other things, 
that it is necessary [sic] to make 
partial substitution of polyunsaturated 
fat for saturated fat. Why? What 
about the rats with cancer? The 
report quotes the New York Times 
to support its thesis for reducing 
sugar consumption by about 40%, 
and speaks ominously of cola-guzzling 
youngsters (the little devils! ) and the 
need for protection against “hidden 
sugar”. Martini-guzzling adults get off 
without reprimand or umbrage, but 
we are told that monosodium gluta- 
mate “‘may be associated with head- 
aches, flushes in the head and body 
and tingling in the spine”. Since most 
common vegetable food proteins con- 
tain 20% or more of glutamate, there 
should be much tingling after a meal, 
and don’t blame the martinis. 

Avast to McGovern and his 
anonymous bluenoses! *Tis the season 
to be jolly! I don’t think they know 
what they’re talking about, anyway, 
even if they have wangled a multi- 
million dollar appropriation to brain- 
wash the public. 
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In support of catastrophe theory 


On 27 October we published an article 
by R. §. Zahler and H. J. Sussmann 
(page 759) critical of ‘incorrect reason- 
ing, far-fetched assumptions, erroneous 
consequences and exaggerated claims’ 
in biological and social-sctence applica- 
tions of catastrophe theory. Here ts a 
selection of responses to the article 
Sir,—-Zahler and Sussmann have a 
basic misunderstanding of catastrophe 
theory: in their criticism they ignore 
the fundamental concept of stabilty. 
Stability lies at the root of the modern 
mathematical theories of dynamical 
systems and = singularities, of which 
catastrophe theory is a part. The con- 
cept was introduced by Andronov and 
Pontryagin in 1937. and it has been 
greatly developed not only by Thom 
but also by the Russian school. notabiy 
Anosov and Arnol'd, and the American 
school, notably Whitney, Smale and 
Mather. 

The importance of stability in model- 
ling lies in the fact that if a stable 
model is perturbed, then its qualitative 
properties are preserved. Thom ac- 
knowledges the mathematical and 
scientific importance of stability by in- 
corporating it into the title of his book 
Structural stability and morphogenesis, 
in which he first introduced catastrophe 
theory. On page 762 of their article 
Zahler and Sussmann ask the rhetorical 
question: “So we must ask again: what 
is special about a model that looks like 
a cusp?” and the simple answer to 
their question is that the cusp catas- 
trophe is stable, whereas their figure 4 
is not. 

For details of their criticism Zahler 
and Sussmann refer the reader to a 
longer paper of theirs. which is not yet 
published. However, in the preprint of 
this paper, which they have circulated 
widely, there are major mathematical 
mistakes underlying their main criti- 
cisms: | explained some of these mis- 
takes at length to Sussmann when he 
visited Warwick University in July this 
year, 

Most of Zahler and = Sussmann’s 
scientific criticisms are based on mis- 
quotations. misunderstandings, mis- 
representations, or quotations out of 
context. I give a typical example. On 
page 762 under the heading of ‘Care- 
less discussion of evidence’ they state a 
number of so-called “facts”, including: 
“Zeeman’s embrvology paper (Lecturers on 
Maths in the Life Sciences 1, 69 (1974)), 


besides being mathematically wrong, 
betrays the author’s inexperience in 
embryology. For example (p. 27), Zeeman 
likens the embryonic neural tube to a 
roll of stiff paper which tries to maintain 
its curl, But experiment shows that cut 
neural tube persistently tries to unroll”. 
In these two sentences Zahler and 
Sussmann manage to misquote both 
Crelin and myself. Far from contra- 
dicting the metaphor, Crelin’s experi- 
mental work supports it: Crelin writes 
(J. exp. Zool, 120, 561 (1952). “The 
grafts of all the embryos in the rota- 
tion series showed a tendency to curl 
in a matter of seconds after they were 
severed from the brain. Therefore, if 
the rotation of the tectum were de- 
layed for some reason such as the graft 
sticking to the forceps, the graft 
would curl into the shape of a ball, 
making it impossible to continue the 
operation”. On page 577 figure 19, 
Crelin shows a photograph of the graft 
curled into a ball. Meanwhile on page 
127 of my paper (there is no page 27) 
it is the underlying mesoderm, not the 
neural tube, that T liken to a roll of stiff 
paper. The burden of my discussion on 
that and the preceding pages concerns 
the forces exerted, in vivo, by the 
underlying mesoderm upon the over- 
lying ectoderm and neural plate, 
before the latter has rolled up into 
neural tube, and at a much earlier em- 
bryonic stage than Crelin’s experiment. 
| now give an example of mis- 
representation. When sophisticated 
mathematics is applied to science it is 
common practice to publish separately 
both rigorous mathematical proofs and 
more simplified expositions of the same 
material: the latter are essential if the 
work is to be made available to those 
scientists who are not expert mathe- 
maticians. A case in point is my treat- 
ment of primary and secondary waves 
in developmental biology. My initial 
simplified version, addressed primarily 
to biologists, is in Lectures on Maths 
in the Life Sciences, while mathe- 
matical discussions and rigorous proofs, 
addressed primarily to mathematicians, 
are in Proc. Int. Cone. Math., Van- 
couver 2, 533 (1974) and Wasserman. 
G. Acta. Math. 138, 57 (1975). The 
mathematical treatment uses stability 
with respect to a symmetry-group that 
is appropriate to developmental biology, 
namely an extension of the group of 
diffeomorphisms of space-time preserv- 
ing the foliation by time-paths. Zahler 


and Sussmann criticise the simplified 
version for mathematical naivety, with- 
out acknowledging the existence of the 
sophisticated version, although the 
latter has been brought to their atten- 
tion long ago. 

These are two examples: IT could 
point to a hundred others. I have 
always found that my work has bene- 
fited from the constructive criticism of 
my fellow mathematicians and scien- 
tists. However, to argue in print against 
the determined misrepresentations of 
Zahler and Sussmann is both tedious 
for the reader and unproductive, and 
an adequate answer to this type of 
criticism is provided by my original 
papers Catastrophe theory, Selected 
papers 1972-1977. Nevertheless I am 
prompted to reply to this particular 
article for three reasons: firstly, their 
disgraceful omission of any reference 
to the work of Thom on biology, 
secondly, their implied dismissal of the 
fine work of Berry in physics, and 
thirdly, the potential harm that their 
article might cause to the work and 
the careers of other scientists who are 
using catastrophe theory, particularly 
the younger ones who have not yet 
established their reputations. 

E. C. ZEEMAN 
University of Warwick, UK 


Sir,--In response to the criticisms of 
R. S. Zahler and H. J. Sussmann we 
wish to point out that contrary to mis- 
leading statements they make such as 
“catastrophe theory is a blind alley”, 
several examples of genuine applica- 


tions of catastrophe theory already 
exist in the physical sciences. 
For example one of us recently 


studied the topological behaviour of 
stagnation points in two dimensional 
flows where, with the aid of Thom’s 
elementary classification of degenerate 
critical points, a physical understanding 
was obtained of the complex behaviour 
of degenerate and non-degenerate stag- 
nation (critical) points in a particular 
flow (Berry, M.. & Mackley, M. R. 
Phil. Trans. Roy. Soc. 287, 1-16 
(1977)). Further physical applications 
amenable to direct* experimental test 
exist, some of which were discussed at 
the Institute of Mathematics and its 
Applications meeting held at University 
College London in May 1977. 
Concerning the application of cata- 
strophe theory to biology, we agree 
that some inaccurate or premature 
claims have been made. In particular, 
Zeeman’s argument for the existence 
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of primary and secondary waves in 
developing embryos does not have the 
logical status of a proved theorem 
since he has not as yet published the 
full mathematical proof. Rather, his 
use of catastrophe theory in a descrip- 
tion of differentiation gives rise to the 
hypothesis that such waves occur and, 
with the additional postulate of a 
temporal periodicity of state in the 
tissue, this application suggests how 
spatially periodic structures such as 
somites may arise. 

These hypotheses have stimulated 
experimental investigation, which is a 
major purpose of model-building. Fur- 
thermore, Zeeman’s treatment of 
differentiation has the additional virtue 
of providing a unitary field description 
of a process which is often erroneously 
and misleadingly described in terms of 
separate spatial and temporal mecha- 
nisms. In a subject such as develop- 
mental biology, which has barely begun 
to come to grips with its central prob- 
lem of morphogenesis in terms of 
models, it is more important to get the 
correct qualitative treatment than to 
attempt quantitative precision. 

It is far too early to decide whether 
or not catastrophe theory will be of 
major value in biology. That it pro- 
vides useful and accurate descriptions 
of certain physical processes is now 
beyond question. More generally, the 
context for catastrophe theory is 
topology, and topological thinking has 
been of immense value in the under- 
standing of many physical phenomena. 
It seems highly probable that the 
topological approach will prove invalu- 
able in the study of biological processes 
as well, but this is an approach that 
can only be learned slowly, with trial 
and error. Zahler and Sussman have 
presented some valid criticisms of 
applied catastrophe theory, but their 
over-reaction is unfortunate. It leads 
them into exaggeration and wholesale 
rejection of very useful propositions. 

R. BELLAIRS 
University College London, UK 

B. GOODWIN 

M. R. MACKLEY 
University of Sussex, UK 


Sir,-—The case in favour of catastrophe 
theory rests not on speculative models 
in the social sciences, but on successful 
applications to the physical sciences. 
In 1975 and 1976 there appeared 
approximately 42 papers applying catas- 
trophe theory to physics, nine to bio- 
logy, and 14 others: Sussmann and 
Zahler’s criticisms deal almost entirely 
with one sociological paper, two on 
biology, and one model taken from two 
popular articles and a paragraph in a 
conference report. They do not hesitate 
to extend their conclusions to areas they 
have not studied: “we anticipate that 


the results of an extended search 
(covering biology, linguistics, physics, 
or psychology) will be similar (that is 
negative)” from (Sussmann, H. J. & 
Zahler, R. S. Proceedings of the 1976 
biennial meeting of the Philosophy 
of Science Association, Chicago, in 
press). Tim Poston and I have written 
a book (Poston, T. & Stewart, I N. 
Catastrophe theory and its applications, 
Pitman, London, 477 pp.), due in print 
early in 1978, documenting quantitative 
applications in the sciences, which casts 
severe doubt on their conclusions. A 
major plank in their case—allegation 
of a repeated mathematical error—is 
refuted by Poston (Mathematics 
Report, Battelle Geneva (in press) ). 
Their reliability may be judged by their 
statement: “Stewart repeats the un- 
true assertion that Zeeman’s embryo- 
logical predictions have been ‘recently 
verified by experiment’ ”. What I wrote 
was: “, . . with the prediction that 
slowing down the chemical reactions of 
the primary wave would lead to the 
formation of fewer somites, an effect 


recently verified by experiment”. 
Which happens to be true. 
Similar misinterpretations vitiate 


many of Sussmann and Zahler’s criti- 
cisms, rendering them analogous to dis- 
proving Pythagoras’ theorem by 
exhibiting a triangle that is not right- 
angled. With the exception of their dis- 
cussion of the nerve impulse model, few 
of their criticisms are conclusive, and 
some are simply wrong. Others are 
problems of general mathematical 
modelling, which can usually be re- 
solved by reference to current scien- 
tific practice. Sussmann and Zahler’s 
charges go considerably beyond any- 
thing they have correctly substantiated. 
Ian STEWART 

University of Connecticut, 

USA 


Sir,—It would be a pity if the strong 
attack by Zahler and Sussman on some 
biological and sociological models 
based on catastrophe theory, (27 
October, page 759) were to mislead 
readers into thinking that such new 
and beautiful mathematics has no use- 
ful application in any sctence. The fact 
is that in this laboratory catastrophe 
theory is being employed in the devel- 
opment of new concepts, in the expla- 
nation and prediction of phenomena, 
and in the design of experiments, in 
two areas of physics. 

The first is short wave optics (and 
quantum mechanics) where Thom’s 
theory classifies the forms of focal sur- 
faces (caustics) and makes it possible 
to give a precise description of the 
finest detail in the associated diffrac- 
tion patterns (Arnol’d, V. I. ‘Critical 
points of smooth functions and their 
normal forms’ Uspekhi Mat Nauk 
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(translation: Russian Mathematical 
Surveys) 30, 1-75 (1975); Berry, M. V. 
“Waves and Thom’s Theorem’ Ady. in 
Phys, 25, 1-26 (1976); Duistermaat, 
J. J. ‘Oscillatory integrals, Lagrange 
immersions and unfolding singularities’ 
Comm Pure App Math 27, 207-281 
(1974). The classification describes 
caustics that are ‘structurally stable’. 
that is those whose forms survive 
perturbation. This makes catastrophe 
theory particularly suited to the optics 
of nature rather than artefacts such 
as microscopes and telescopes whose 
focussing is dominated by cylindrical 
symmetry. 

We have made progress in under- 
standing the optics of irregular water 
droplet ‘lenses’ (Berry, M. V. ‘Waves 
and Thom’s Theorem’ Ady. in Phys. 
25, 1-26 (1976); Nye, J. F. ‘Optical 
caustics in the near field from liquid 
drops’ (submitted to Proc. Roy. Soc.), 
the fine structure of swimming 
pool caustics (Berry, M. V. & Nye, J. F. 
‘Fine structure in caustic junctions’ 
Nature 267, 34-6 (1976)), atom scatter- 
ing by crystal surfaces (Berry, M. V. 
‘Cusped rainbows and incoherence 
effects in the rippling-mirror model for 
particles scattering from surfaces’. J. 
Phys. A 8, 566-84 (1975)) and the 
statistics of twinkling starlight (Berry, 
M. V. ‘Focusing and twinkling: critical 
exponents from catastrophes in non- 
Gaussian random short waves’ (J. Phys. 
A, in press)). This last application 
(which has proved peculiarly resistant 
to more conventional forms of analy- 
sis) makes essential use of the enor- 
mous extension of Thom’s classification 
being developed by Arnol’d (Arnol’d, 
V. L ‘Critical points of smooth 
functions and their normal forms’ 
Uspekhi Mat Nauk (translation: Rus- 
sian Mathematical Surveys) 30, 1-75 
(1975)) in the Soviet Union. 

The other area is fluid mechanics, 
where the elliptic umbilic suggested the 
design of the ‘sixroll mill’ (Berry, M. V. 
& Mackley, M. R. ‘The sixroll 
mill: unfolding an unstable persistently 
extensional flow’, Phil. Trans. Roy. 
Soc. (London) 287, 1-16 (1977)), a 
device for studying the effects of dis- 
solved long-chain molecules on the 
flow of Newtonian fluid. The mill 
produces a sequence of flows with 
fully describable instabilities, and 
addition of polymer is dramatically 
revealed by changes in the topology 
of the pattern of streamlines. This 
specialised application has now been 
generalised (Thorndike, A. S., Cooley, 
C. R. and Nye, J. F. ‘The structure 
and evolution of vector fields and 
other flow fields’ (submitted to 
J. Phys. A)) into a comprehensive 
theory of flow patterns, which has 
already given insight into the structure 
of the geostrophic wind and the move- 
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ment of ice in the Arctic ocean. 
These are genuine applications of 
catastrophe theory; they have led to 
advances in our understanding of the 
physical systems concerned. It is im- 
portant to distinguish them from illus- 
trations of the theory, where the 
mathematics is employed correctly 
(that is to systems Satisfying its 
axioms) but in more sophisticated 


derivations of results already known; 
clastic buckling and 


the mean field 





The six roll mill: experimental observations 


illustrating elliptic umbilic critical point. 


Sir,—While I do not wish to per- 
petuate unwarranted enthusiasm for 
the ability of catastrophe theory to 
transform the natural and social 
sciences, I believe that Zahler and 
Sussmann (27 October, page 759) have 
overstepped the bounds of decency in 
their vehement attack. Let me point 
out a few specific instances in which 
they seriously mislead the reader. 

A fundamental error that they make 
is in the statement, “Catastrophe 
theorists agree that the term ‘cata- 
strophe’ is reserved for certain kinds 
of singularity of smooth maps, seven 
of which have been described and 
classified elegantly by Thom”. I can 
only conclude from this statement that 
Zahler and Sussman have not read 
Thom’s work. (There is no reference 
to Thom in the paper apart from his 
theorem). Thom describes the cata- 
strophes which Zahler and Sussmann 
discuss as “elementary catastrophes” 
but repeatedly makes it clear that there 
are other kinds of catastrophe as well. 

The authors’ confusion on this point 
creates a straw man which they re- 
peatedly flail in their article. For 
example, juxtapose the quote in the 
first paragraph of their paper with 
Thom’s general definition of catas- 
trophe and with their restricted one. 
The quote refers to a general approach 
to studying questions rather than the 
repeated use of a specific mathematical 
theorem, and makes much niore sense 
in the context which was intended. 


M. V. Berry and M. R. Mackley 


theory of phase transitions fall into 
this category. The applications should 
also be distinguished from what I shall 
call invocations of the theory, where it 
is employed because of the suggestive- 
ness of its images in the hope that its 
axioms might eventually be shown to 
apply; perhaps it is towards this area 
that Zahler’s and Sussmann’s criticisms 
are really directed. 


MICHAEL BERRY 
University of Bristol, UK 






and computer simulations of the patterns 


The section on ‘Better alternatives’ 
accuses catastrophe theory of ignoring 
the study of shock waves and bifurca- 
tion theory even though these are ex- 
plicitly discussed in Thom’s book, 
Structural Stability and Morphogenesis 
(Addison-Wesley, 1972), in which he 
lays out his theory in detail for the 
first time. I might add that one of the 
most successful applications of cata- 
strophe theory has been to the study 
of shocks in a single convex conserva- 
tion law (Schaeffer, D. ‘Regularity 
theorm for conservation laws’ Advan- 
ces in Mathematics I] 368-386 (1973) 
and Golubitsky, M. & Schaeffer, D. 
‘Stabiliyt of shock waves for single 
conservation law’, Advances in Mathe- 
matics 16, 65-71 (1975)). In their 
portrayal of the scope and content of 
catastrophe theory, Zahler and Suss- 
mann are simply wrong. 

Let me turn to a second point. In 
a section entitled ‘Careless discussion 
of evidence’, Zahler and Sussmann 
quote Zeeman’s statement: “Recent 
experiments by J. Cooke and T. Els- 
dale appear to confirm some of my 
predictions” (my italics). They then 
refute this statement with a quotation 
from T. Elsdale er al., “we do not yet 
conclude that the observations here 
presented have confirmed Cooke and 
Zeeman’s model to the exclusion of 
others” (my italics). The paper of T. 
Elsdale er al., does indeed confirm some 
of the predictions of the Zeeman- 
Cooke model. It does not confirm the 
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model, but then Zeeman did not assert 
that it did. Zahler and Sussman never 
say that these two statements contradict 
one another, but they clearly imply 
that Zeeman has made unsupported 
claims in his statement. This is false, 
and they try to mislead us into believ- 
ing it. 

At another point in their discussion, 
Zahler and Sussmann misrepresent the 
work of Kozak and Benham on dena- 
turation of proteins. They assert that 
an essential feature of the work of 
Kozak and Benham is the ‘delay rule’ 
which predicts that there will be 
hysteresis in the denaturation-rena- 
turation phenomenon, Yet Kozak and 
Benham do not rely upon this ‘delay 
rule’, and indeed use the ‘Maxwell 
convention’ throughout the second 
part of their three part work (‘Dena- 
turation: an example of Catastrophe 
II. Two-state transitions’, J. Theoretical 
Biology 63, 125-149 (1976)). Zahler 
and Sussmann also criticise this model 
for predicting that the temperature 
denaturation curves have vertical 
slopes while the enthalpy change limits 
their steepness. Their criticism ignores 
the statistical discussion of Kozak and 
Benham which addresses the fact. 

The thrust of this last criticism is 
also misplaced. A similar criticism 
could be made to the study of shocks 
in the solution of hyperbolic conserva- 
tion laws, a phenomenon which is 
better understood mathematically. 
Real gases have viscosity, and viscosity 
prevents a truly discontinuous change 
in the velocity of the gas. Nonetheless, 
abrupt changes do occur. They can be 
modelled well by hyperbolic conserva- 
tion laws which do allow discontinuous 
solutions. The addition of a term re- 
presenting viscosity to the equations 
smooths out this discontinuity, and the 
behaviour of solutions has been studied 
as this viscosity term tends to zero. 
The conservation laws work well in 
giving approximations to real fluid 
flow. It is even the case, as we noted 
above, that catastrophe theory has 
described the shocks for the simplest 
(but only the simplest) conservation 
laws. The confusion of “the intuitive 
notion of ‘jump’ as a rapid change 
with the precise mathematical notion 
of a jump discontinuity” is not in- 
herent to catastrophe theory, but is a 
common and useful approximation in 
many mathematical models. 

I prefer to make å few remarks on 
the paper as a whole rather than con- 
tinue to belabour specific failings. As 
a ‘review article’, Zahler and Sussmann 
review a single paper—their own. 
Their review is a summary and not a 
review. There are others who are more 
optimistic about the potential applica- 
tions (and the past successes) of cata- 
strophe theory than Zahler and 
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Sussmann are, but they have been 
ignored. Zahler and Sussmann have 
discovered that ‘‘catastrophe theory is 
a blind alley’ because they have 
blinded themselves to anything hopeful 
that they might see. Surely a review 
of the “accomplishments of applied 
catastrophe theory” should not be so 
narrow. In particular, it should at least 
mention the work of J. M. T. Thomp- 
son on elastic stability (Nature 254, 
392--395 (1975)). 

Zahler and Sussmann are also snide. 
They denigrate catastrophe theory for 
the “large number of (mostly un- 
refereed) publications praising each 
other extravagantly”. This is an 
attempt at character assassination due 
to the fact that many papers are pub- 
lished in conference proceedings. I 


think the remark is out of place—in- 
deed I think the whole paper is out 
of place. It is deceptive, and it is not 
what is purports to be. There is much 
to be criticised in work which has been 
done using mathematical models based 
upon catastrophe theory, but the criti- 
cism of Zahler and Sussmann is 
merely mean spirited. 
JOHN GUCKENHEIMER 

University of California, Santa Cruz 
SikR,—-My paper, to which Zahler 
and Sussmann refer, was presented 
as a discussion paper at a meeting of 
the New York Academy of Sciences. 
It was directed to a general audience 
at a time when catastrophe theory was 
not widely known. Since I could not 
presume a detailed knowledge of the 
theory or of biology, I intended to give 
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simplified explanations of both so that 
I might suggest possible uses of the 
theory in biology. 

May I also suggest that one illustra- 
tion of a catastrophic jump might be 
the apparent discontinuity in Suss- 
mann’s opinion of Zeeman’s paper (in 
Towards a Theoretical Biology 4 
(1972)). In 1975 Sussmann (Synthese 
31, 229 (1975)) writes “in most appli- 
cations what is used is not catastrophe 
theory as a set of results, but catas- 
trophe theory as a conceptual frame- 
work (for an example, see Zeeman’s 
beautiful paper in Towards a Theor- 
etical Biology on heartbeat and nerve 
impulse)”. Now, writing with Zahler 
he expresses a very different opinion. 

A. E. R. Woopcocx 
Williams College, Massachusetts, USA 
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Censuring repressive 
regimes 


Sir,—Every four years the Inter- 
national Union Against Cancer 
organises a huge international cancer 
congress, typically attended by perhaps 
6,000 scientists. The next one is 
scheduled for 5-12 October 1978 in 
Buenos Aires, Argentina. However, in 
Science (21 October) and Nature (3 
November, page 8) groups of scientists, 
including two recent Nobel prize- 
winners for medicine, have called on 
other scientists to boycott this con- 
ference because, it is claimed, “‘scien- 
tists, physicians, professors, journalists, 
intellectuals, and other (Argentinian) 
citizens have been arrested, imprisoned 
without benefit of habeas corpus, often 
tortured and sometimes executed with- 
out trial’. These allegations are 
supported by editorials in Nature (263, 
452; 1976 and 266, 395; 1977). 

We were telephoned by the press for 
comment on these letters, but could not 
comment because, like many other 
full time scientists, we were necessarily 
ignorant of conditions in most foreign 
countries. We therefore made contact 
with Amnesty International (AD, in 
the hope of securing some reasonably 
unbiased data. The ‘Report of the AI 
Mission to Argentina’ (1977) and the 
detailed letter which the Director of 
AI sent us appear to be objective and 
impartial, and the conditions they de- 
scribe are really appalling. 

Briefly, there was a military coup in 
March 1976. During the next six 
months about 2,000 Argentinians were 
killed by the government or (almost 
equivalently, it seems) disappeared. 
Killings and disappearances of non- 
violent °Argentinians (a priest, for 
example, who said a requiem mass for 
a parishioner who had been killed by 
government agents) continue at a rate 


of hundreds a month, and frequently 
bodies are discovered, some of people 
recently arrested, many with evidence 
of severe torture. Recent Argentinian 
laws explicitly forbid newspapers to 
report, comment on or make reference 
to abductions or the discovery of 
bodies, and also forbid propagation 
through any medium whatever of news 
or views with the purpose of lessening 
the prestige of the armed forces! 

In the apparently impartial opinion 
of the Director of AI (personal com- 
munication, 25 October), “the state of 
affairs in Argentina is now one of the 
most serious in the world: Argentina 
has probably, since March 1976, the 
largest number of prisoners of con- 
science, disappearances and political 
killings in the whole of Latin America”. 
(In most cases, according to AI, those 
affected were not terrorists.) However, 
even if, among many bad countries, 
Argentina is worst in this respect, it 
does not follow that a boycott is wise, 
for it is difficult to estimate the true 
probabilities of all its possible effects 
(especially if one is distracted by sup- 
positions about the motives of the 
scientists who propose it or of those 
who oppose it). 

It must be recognised by the pro- 
ponents of any boycott that it is very 
unlikely to have much impact on the 
repression of non-violent citizens, while 
the opponents of a boycott must 
equally concede that there does exist 
a small probability that it would 
materially accelerate humanitarian pro- 
gress. Balancing these considerations 
are the medical advantages of holding 
a cancer congress, but here a rather 
curious analogy exists; one single con- 
gress is very unlikely to have much 
impact on human cancer, but there 
does exist a small probability that it 
will materially accelerate medical pro- 
gress. Moreover, because the Argen- 
tinian junta are apparently (Financial 
Times, 14 September) having difficulty, 


because of their human rights record, 
in securing foreign investment and 
arms, it is uncertain which probability 
is smaller in this particular balance. 

One must also ask, however, if 
scientific meetings are boycotted, where 
it will all end. In a related academic 
field, for example, the International 
Epidemiological Association will meet 
in Iran in 1979 and, overall, a large 
number of international scientific meet- 
ings take place in countries with 
governments which kill, or torture, or 
imprison non-violent citizens. If these 
several meetings were all avoided, so 
many different governments would thus 
be censured that none would thereby 
be singled out for special attention, 
and the net effect might merely be to 
forfeit the rather useful apolitical 
image which science has earned, while 
achieving little or no humanitarian 
progress. It might be practicable just 
to boycott those governments which 
persecute many scientists, but this 
seems rather artificial, and might 
merely aggravate anti-science senti- 
ments. Moreover, the scientists who 
live in some of the countries concerned 
might much rather have a week or two 
of contact with the international com- 
munity than suffer continued intellec- 
tual isolation. Perhaps, anomalously, 
boycotts do more harm than good in 
states with closed frontiers (unless the 
state would also restrict free attend- 
ance), but perhaps they are occasionally 
useful in states with open frontiers. 

Advice and comments from other 
scientists, especially those who, unlike 
ourselves have actually worked under 
repressive regimes, would be timely, 
both about the general advisability or 
inadvisability of such boycotts (ignor- 
ing everybody’s motives, please), and 
also about the specific 12th Cancer 
Congress in Argentina next year. 

RICHARD PETO 
RICHARD DOLL 

University of Oxford, UK 
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Object Kowal, the most distant asteroid 


from David W. Hughes 


ASTEROIDS often get into the news. 
Only 2 years ago asteroid 1976 AA was 
found to be the first with a mean 
distance from the Sun less than that of 
the Earth. On 1 November this year 
slow-moving object Kowal was dis- 
covered and has subsequently been 
found to have the largest known orbit 
of any of the asteroids. It is orbiting 
the Sun between Saturn and Uranus. 

Charles T. Kowal of the Hale 
Observatories, California Institute of 
Technology is carrying out a systematic 
survey of the outer solar system by 
photographing regions of the ecliptic 
using the 122-om Schmidt telescope on 
Mount Palomar. He first spotted this 
strange asteroid when examining 
photographic plates that he had taken 
2 weeks previously on 18 and 19 
October. It was also discovered on the 
plate that had been taken by Tom 
Gehrels (University of Arizona) on 11 
October. 

Bodies in the Solar System appear to 
move across the sky against the back- 
drop of the vastly more distant, ‘fixed’ 
stars. A long-time exposure will thus 
produce a trail-of-light image for the 
Solar System objects as opposed to a 
point image for the stars. Also the 
positions of the objects change from 
one plate to the next. These trails can 
be detected by the use of microscopes. 

Slow-moving object Kowal has an 
angular motion of only 0.0149 degrees 
per day, a speed scarcely greater than 
that of Uranus. As objects in the Solar 
System with near circular orbits have 
a mean daily angular motion propor- 
tional to a’? where a is the semi-major 
axis of their orbit, this automatically 
means that object Kowal is in the outer 
reaches of the Solar System, near the 
orbit of Uranus. On 18 October it had 
a right ascension of 25 05" and a 
declination of +12° 09, placing it 
about half-way between Alpha Aries 
and Alpha Pisces. If the positions of 
the object on a set of dates are known, 
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its orbit can be calculated. Object 
Kowal has, however, moved only about 
three-quarters of a degree around its 
orbit since its discovery, thus making 
the orbital determination very in- 
accurate. Brian G. Marsden (Smith- 
sonian Astrophysical Observatory, 
Cambridge) has published a preliminary 
calculation in Circular 3129 of the 
International Astronomical Union’s 
Central Bureau for Astronomical 
Telegrams. This orbit is shown in Fig. 
1. It has a low eccentricity, 0.031, a low 
inclination to the ecliptic, 5.2°, a peri- 


helion distance of 15.836 AU, a semi- 
major axis of 16.340 AU, and a period 
of 66.1 years. 

The object is extremely faint, having 
a visual magnitude between 18 and 19, 
this faintness being one of the reasons 
it has previously gone undiscovered. If 
it has the orbit shown in Fig. 1 its 
magnitude will change by only 0.5 over 
one period. There are thus very few 
telescopes capable of searching for 
such objects, those that can find them 
having to have an objective lens more 
than 100cm in diameter. 





e 


Fig. 1 The orbit of slow-moving object Kowal and the position of this new asteroid 
with respect to Earth, Jupiter, Saturn and Uranus. The hatched area is the main 
asteroid belt. y is the first point of Aries. 
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Even though object Kowal is faint, 
it is much brighter than any known 
comet would be at that distance. It has 
thus been concluded that it is an 
asteroid. It might even turn out to be 
the first of a new belt of asteroids 
orbiting between Saturn and Uranus. 
Most asteroids orbit the Sun in a broad 
belt between Mars and Jupiter (shown 
as a hatched area in Fig. 1). Some have 
larger orbits, Hidalgo for example has 
a highly eccentric orbit which ap- 
proaches the orbit of Saturn. It must 
be remembered of course that the 
further away from the Sun and Earth 
an asteroid is, the more difficult it is 
to detect. The region between Saturn 
and Uranus could easily contain an 
Earth’s mass worth of asteroids which 
have remained undetected until now. 

The brightness of the asteroid can be 


used to estimate the product of its 
albedo and its reflecting surface area. 
Asteroids seem to have albedoes rang- 
ing from about 0.035 to 0.27. As the 
albedo of object Kowal is unknown the 
size cannot be found accurately. It has 
been estimated to have a radius in the 
region 80-320 km. The largest asteroid, 
Ceres, has a radius of 380 km, and so 
object Kowal is definitely at the top 
end of the asteroidal mass scale. 
Where do we go from here? More 
observations of object Kowal, stretch- 
ing forward in time, or even lying un- 
known on photographic plates, will 
enable a much more accurate orbit to 
be calculated. Also now astronomers 
know that at least one asteroid, albeit 
a large one, is orbiting between Saturn 
and Uranus it is most likely that more 
will be discovered in the near future. [] 


Workshop on hydrophobic effects 


from Felix Franks 


A workshop on Hydrophobic Effects 
was held at the Sth International 


Conference on Chemical Thermo- 
dynamics, Ronneby, Sweden, 23-26 
August, 1977. 


THE involvement of so-called hydro- 
phobic effects in the maintenance of 
biological structures has been recog- 
nised for many years; G. S. Hartley 
first used the term in his analysis of 
micellar aggregation. The detailed 
nature of the environment of alkyl 
chains in water, and the manner in 
which their interactions give rise to 
supermolecular structures and promote 
the unique folding of biopolymers, are 
not yet too clear. Nevertheless, over 
the past 10 years a considerable effort 
has been devoted to studies of dilute 
aqueous solutions of alkyl derivatives. 
The workshop was arranged in an 
attempt to reach some agreement on 
terminology and symptoms of hydro- 
phobic effects and to analyse those 
features which play a part in bio- 
chemical processes. 

The question of suitable and correct 
standard states was discussed at length; 
for means of comparison, the transfer 
of an alkyl group from the ideal gas 
state to an infinitely dilute aqueous 
solution is the most useful process to 
consider, and the term ‘hydrophobic 
solvation’ was used to describe such 
a process. Although solution concen- 
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tration is commonly expressed in terms 
of mol fraction or molality, it was 
pointed out that the correct way of 
comparing solute environments in 
different solvents is through the 
molarity concentrations. This is also re- 
quired for statistical thermodynamic 
treatments of solute—solute interactions, 
since the equations describing solution 
behaviour are referred to constant 
volume, rather than to constant 
pressure. 

The standard thermodynamic func- 
tions of solvation which characterise 
the transfer of an apolar solute from 
the ideal gas to an infinitely dilute 
aqueous solution include a positive free 
energy which arises from a large, nega- 
tive entropy, a negative volume and a 
very large, positive heat capacity. In 
fact, the limiting partial molar heat 
capacity of an alkane in aqueous solu- 
tion is three times as large as the heat 
capacity of the alkane in its pure liquid 
state. Taken together with recent 
nuclear magnetic relaxation and com- 
puter simulation data, the heat capaci- 
ties are consistent with the picture of 
a rotation of water molecules away 
from the alkane, with possibly slight 
deformations in the tetrahedral hydro- 
gen bonding geometry, to give rise to 
cavities which can accommodate the 
hydrophobic groups. The hydrogen 
bonding regime which normally exists 
in liquid water is but slightly modified: 
whatever modification does take place 
is responsible for the negative entropy 
and the positive heat capacity of 
hydrophobic solvation. 

Interactions between solvated alkyl 
residues can be studied at different 
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levels, ranging from pairwise solute 
effects to the complete removal of 
water and its substitution by a hydro- 
carbon. For the latter process the 
standard free energy of transfer is 
about —3.45 kJ per mole CH: groups. 
Intermediate between these two en- 
vironments are the micelle, the phos- 
pholipid bilayer membrane and the 
interior of a globular protein. None 
of these three biologically important 
structures can be equated to the bulk 
hydrocarbon, and therefore free energy 
data relating to the transfer of alkyl 
groups from water to hydrocarbon 
should not be used for thermodynamic 
calculations of micellisation or protein 
unfolding. The hydrophobic pair inter- 
action is considered to be an adequate 
model for enzyme—substrate interac- 
tions and for the contributions of 
exposed apolar amino acid residues to 
protein stability (or instability). 

The thermodynamic functions des- 
cribing such pairwise interactions are 
obtained as second virial coefficients 
from the limiting slope of the concen- 
tration dependence of the various 
excess functions. Recent excess volume 
(AV®), heat capacity (AC)®) and com- 
pressibility (Ax) measurements on very 
dilute solutions indicate that these 
second virial coefficients have the op- 
posite signs to those expected from the 
classical treatment of the hydrophobic 
interactions. Indeed, AC,® is a very 
complex function of concentration 
and temperature. It seems that the 
hydrophobic pair interaction is quali- 
tatively different from the interaction 
involving large numbers of alkyl 
chains, for example, micelle formation. 

A comparison of gas and solution 
second virial coefficients of AGE shows 
that the interaction between pairs of 
alkyl groups in dilute aqueous solution 
is weaker than the corresponding inter- 
action in the gas phase. Also, recent 
experiments with non-aqueous solvents 
(for example, dilute solutions of octane 
in N-methylacetamide or hydrazine) in- 
dicate the existence of a general solvo- 
phobic effect which differs from the 
hydrophobic effect in two aspects: it 
does not originate from a negative ASF, 
and it is not associated with a large 
positive AC", both of which effects 
characterise the hydrophobic interac- 
tion. With rise in temperature water 
becomes more hydrophobic, and near 
150 °C its behaviour approaches that of 
‘normal’ polar solvents. 

So far only limited progress has been 
made in the molecular description of 
hydrophobic effects by means of suit- 
able potential and radial distribution 
functions. Any useful interpretation of 
terms such as ‘water structure making’, 
commonly found in the literature, must 
await the development of credible 
radial distribution functions. In the 
meantime it is being recognised that 


Nature Vol. 270 I December 1977 


the ‘interaction’ between alkyl groups 
in water results primarily from repul- 
sions between water and solute, and 
not from van der Waals attraction be- 
tween solute molecules. 

Most molecules for which hydropho- 
bic effects are commonly invoked also 
possess one or more functional groups 
which contribute to the observed inter- 
actions in solution. In all cases such 
contributions of ~-CONH, CHOH, and 
so on to AG® are negative, but only 
alkyl groups exhibit negative contri- 
butions to AS®. Even more important, 
cross interactions between alkyl and 
polar groups are not equal to the mean 
of the interactions between like groups. 
This finding has a bearing on calcula- 
tions of protein stability in terms of 
amino acid side chain contributions. 

Any future progress in our under- 
standing of hydrophobic effects is not 
likely to come from thermodynamics, 
although there is still much scope for 
high precision measurements of excess 
functions in the low concentration 
range. Techniques which are showing 
promise include electron spin exchange 
between hydrophobic spin probes and 
the enhancement of nuclear magnetic 
relaxation by such paramagnetic spin 
probes. Monte Carlo and molecular 
dynamics simulations have also shown 
some promise, but in the absence of 
reliable potential functions it is ques- 
tionable how much confidence can be 
attached to the results of such calcu- 
lations. The same question mark hangs 
over recent computer simulations of 
protein dynamics, in which solvation 
and hydrophobic contributions to the 
stability of the folded protein were not, 
and indeed, could not be included. 
However, in view of the progress that 
has ‘been achieved over the past 10 
years in our general understanding of 
molecular interactions in aqueous solu- 
tions, the prospects for such ambitious 
ventures look quite encouraging. C 


A hundred years ago 


THe chemists of Berlin have been 
occupied lately in analysing the wares 
of the wine merchants, and no little 
excitement has been caused by the 
discovery that the entire stock of one 
of the largest houses dealing in wines 
for medicinal purposes, consisted en- 
tirely of artificially prepared mixtures 
of spirit and sugar solutions, flavoured 
with various herbs. 


From Nature 17, 29 November, 1877. 





Mechanisms of 
parasite immunity 


from F. E. G. Cox 


A meeting on Immunity in Parasitic 
Diseases: Antigens and Mechanisms 
of Immune Response was held 
under the auspicies of the Institut 
National de la Santé et de la 


Recherche Médicale and the Institut 
National de la Recherche Agro- 


nomique with Professor André 
Capron as Chairman, at Grignon, 
France on 5-9 September, 1977. 


PARASITOLOGISTS and immunologists 
need to meet from time to time to 
share their rapidly accumulating know- 
ledge and there can be few better places 
to do so than a Louis XIH chateau. 
Twenty review papers and four round 
tables, each with a dozen or more 
contributors, demonstrated the healthy 
state that the science of parasite 
immunology has reached and for the 
first time various pieces of information 
painstakingly obtained in different 
laboratories began to fall into place. 
The two themes that came over time 
and time again were first that in each 
infection there are probably several 
effector mechanisms involved in 
immunity and that under particular 
circumstances any or all of these might 
be involved and, second, that eosino- 
phils, macrophages, antigen-antibody 
complexes and complement may be 
more important to parasitic infections 
than hitherto suspected. Against this 
background it was possible to look 
forward as well as backward. 

The initiation of any immune res- 
ponse begins with the antigens of the 
parasite. Most parasite antigens studied 
so far have been relatively crude 
extracts and Ruth Arnon (Weizmann 
Institute of Science, Rehovot) discus- 
sed the possibilities of obtaining pure 
antigens which could be characterised 
and synthesised. For some micro- 
organisms this possibility is a reality 
and for many parasites there are indica- 
tions that the isolation and character- 
isation of functional antigens has 
progressed sufficiently far for the 
synthetic stage to be contemplated. The 
isolation of such antigens depends on 
the exploitation of their characteristics 
such as enzymatic activity and ability to 
bind to drugs and ligands and P. Pery 
(Grignon) showed that this was not 
difficult to achieve. In the case of 
Schistosoma mansoni over 60 antigens 
have been identified. D. Bout and his 
colleagues at Lille, using drugs as 
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ligands, have found that malate 
dehydrogenase is a particularly impor- 
tant antigen in human S. mansoni 
infections and J. P. Rotmans (Univer- 
sity of Leiden) has shown that only 
one isoenzyme of malate dehydro- 
genase is antigenic in mice. This anti- 
gen can be purified and used in micro- 
gram quantities in immunodiagnosis of 
schistosomiasis. An egg antigen des- 
cribed by J. Hamburger (Jerusalem) is 
the antigen responsible for granulomas 
in mice but also has considerable 
potential in immunodiagnosis as has a 
circulating polysacchoride antigen iso- 
lated by Y. Carlier and his coworkers 
at Lille. Other purified antigens also 
described include one from Nippo- 
troneylus brasiliensis (A. Petit ef al., 
Grignon) and one from Trypanosoma 
cruzi which, as it is shared by both 
the blood and culture forms of this 
parasite, may be very useful as a poten- 
tial vaccine (L. Hudson and D. Snary, 
Wellcome Laboratories, Beckenham). 
The effector mechanisms attracted 
considerable attention particularly in 
the case of schistosomiasis. A. Capron 
(Lille) drew attention to the two main 
ways in which schistosomula are 
attacked ‚IgG and eosinophils and IgE 
and macrophages. The IgG involved is 
IgG2a and the activity of the eosino- 
phils is enhanced by the presence of 
mast cells (Monique Capron et al., 
Lille). The importance of eosinophils in 
immunity to parasites was discussed in 
general terms by A. B. Kay (Edinburgh) 
and in much more detail as the cells 
that actually attach to schistosomula 
and penetrate the body wall by C. 
Mackenzie et al. (National Institute for 
Medical Research, London) who 
pointed out that these cells adhere to 
other helminths as well. B. M. Ogilvie 
NIMR) also drew attention to the 
similarities in the immune responses to 
parasites as different as Elmeria and 
Ninnoctroneylus living in the gut. 
Macrophages are obviously impor- 
tant in immunity to parasites and their 
role in the production of nonspecific 
mediators of immunity was discussed by 
A C. Allison (Clincal Research Centre, 
Harrow). Nonspecific immunity to 
blood parasites. following the admini- 
stration of Corynebacterium parvum or 
BCG was also discussed by F. E. G. 
Cox (King’s College, London), who 
postulated a common mechanism for 
homologous, heterologous and non- 
specific immunity to malaria in rodents, 
and by B. Leblanc and J. C. Salmon 
(Villejuif). Another nonspecific mech- 
anism, the activation of complement 
through the alternative pathway, was 
discussed by G. Huldt (Stockholm) in 
the context of Entamoeba histolytica. 
Immunodiagnosis and vaccination 
are the two main objectives behind 
immunological studies and the prospects 
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for vaccination were discussed by D. S. 
Rowe (World Health Organisation, 
Geneva) but it is too early yet to assess 
the potential of purified or crude anti- 
gens as vaccines against the more 
important parasitic diseases. The suc- 
cessful vaccination of cattle and sheep 
against Schistosoma bovis using irradi- 
ated whole larvae was described by 
M. G. Taylor (St Albans) but a more 
cautionary story was told by G. M. 
Urquhart (University of Glasgow) who 
discussed the success of the irradiated 
Dictyocaulus viviparus vaccine and the 
lack of success with a similar Ancylos- 
toma caninum vaccine which was due 
not to any defect in the vaccine but to 
the fact that American veterinarians 
preferred drugs which are very effective 
against this worm. For most of the 
parasitic diseases of man effective drugs 
are not currently available and until 
they are immunological research must 
not be allowed to decline; those pres- 
ent at the Grignon meeting will ensure 
that this does not happen. CI 


Fly’s eye view 
of cosmic rays 


from K. J. Orford 


AN interesting and elegant new experi- 
mental technique, designed to take 
‘pictures’ of the tracks in the atmos- 
phere of very high energy cosmic rays, 
has borne its first fruit. The results of 
a pilot experiment (Bergeson et al. 
Phys. Rev. Lett, 39, 847; 1977) have 
demonstrated that such tracks may be 
observed using the very weak atmos- 
pheric nitrogen fluorescence light. Its 
significance is that the effective size of 
detectors of the very rarest cosmic rays 
has been increased by this technique to 
the volume of the atmosphere which 
can be seen from a point on the ground. 

The main aim is to measure the 
energy spectrum of cosmic rays up to 
energies difficult to attain with any 
other technique. A continuous spectrum 
of energies is found to come from all 
parts of the sky up to an energy of 
about 10° eV (about 16 J) per particle. 
The cosmological problems centre on 
the sources of these particles, whether 
they are local or universal, and on how 
much such prodigious energies can be 
given to individual particles. If, for 
example, these cosmic rays are uni- 
versal, then a limit is placed on the 
energy spectrum. At an energy near 
6.10 eV a proton will interact strongly 
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with the 2.7K universal microwave 
background, and will lose a large 
amount of energy. The spectrum will 
then rapidly fall in the region of 
107 eV. There are indications from 
current experiments that it does not 
(Cunningham et al., 15th Int. Conf. on 
Cosmic Rays, Plovdiv 1977), at least 
up to nearly 10” eV. 

Just to detect the arrival of these 
cosmic rays is very difficult, mainly as 
a result of the small flux. A cosmic ray 
of energy greater than 10% eV falls on 
a square kilometre somewhere between 
once per year and once per century, 
such is the present uncertainty. Such a 
low rate is detectable only because the 
cosmic ray particle causes a shower of 
up to 10" electrons and other particles 
to build up along its track as it passes 
through the air. This shower has a 
lateral extent of a square kilometre or 
more, enabling particle detectors to be 
widely spaced on the ground to provide 
samples of the shower particles. For 
about 20 years, ever larger arrays of 
such detectors have been deployed 
around the world to sample large 
showers. 

Some of the best information to date 
has come from the UK array at 
Haverah Park, near Harrogate. This 
has a sampling area of 12 square kilo- 
metres and has recorded showers of 
energy up to 10° eV, However, there 
is a limit to the size which such arrays 
can be made, the cost increasing with 
the area covered. 

The new technique uses the whole 
atmosphere visible from any point as 
a detector. It exploits the fact that 
most of the energy of the primary 
cosmic ray does not reach the ground, 
but is dissipated as ionisation in the 
air. About 0.05% of this energy is 
released as nitrogen fluorescence light 
which produced a very short (us) flash 
of light along the cosmic ray track. A 
detector designed to measure this flash 
was first proposed in 1965 (Greisen Int. 
Cosmic Ray Conf., London, 1965). 
However, the technical problems are 
severe. The light output is very small 
and difficult to detect against the back- 
ground light of the night sky (each 
electron in the shower gives only four 
fluorescence photons per metre of 
track). 

The pilot experiment of Bergeson 
et al. involved the use of concave 
mirrors of 1.5m diameter, each focus- 
ing a small section of sky onto the faces 
of 12 photomultipliers. Each tube views 
an area of sky about 6° across. Showers 
detected by a conventional particle 
array at Volcano Porch, New Mexico, 
were compared with the images seen 
by the mirror assemblies and found to 
be in agreement. Following this, a full- 
scale experiment is being constructed 
on a mountain top in Utah, consisting 
of 67 mirror units. Thus a whole sky 
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image is obtained with a resolution of 
better than 0.007 steradians. This many- 
faceted experiment, early dubbed the 
‘Fly’s Eye’, should detect the highest 
energy showers at a distance of 50 kilo- 
metres. The effective collecting area 
of about 8,000 square kilometres should 
allow an energy spectrum to be 
measured with high statistical precision. 

This would be enough by itself to 
justify the experiment, but other 
results of no less significance may be 
forthcoming. Because the track of 
ionisation is seen for most of its length, 
the point at which the primary cosmic 
ray particle first interacted with a 
nucleus in the air may be found. The 
observation of a large number of such 
points should reveal the mean free 
path of the primaries for interaction in 
air, and hence their atomic weight. 
The composition of high energy cosmic 
rays is at present an open question, 
and compositions other than a simple 
100% proton flux bring their own 
problems concerned with production, 
acceleration and propagation from the 
sources to the Earth. 

Finally, the mean free path of the 
primaries could enable the total cross 
section for nucleus-nucleus, and from 
that possibly proton-proton, inter- 
actions to be found at energies more 
than 10° times higher than those at 
present available. C] 


Negative strand 
viruses 


from T. Barrett 


A meeting on Negative Strand 
Viruses and the Host Cell was held 
at King’s College, Cambridge, from 


1-5 August, 1977. The proceedings 
will be published by Academic Press 
early in 1978. 





NEGATIVE strand viruses are responsible 
for many important human and animal 
diseases, including influenza, Lassa 
fever, measles, mumps, distemper, 
fowl pest and rabies. This group of 
viruses has in common the possession 
of a single-stranded RNA genome 
which is of opposite polarity to the 
messenger RNA (mRNA). One of the 
most striking points brought out at the 
meeting was the great advance that has 
been made in the understanding of the 
nature of the genome of these viruses, 
in particular the genome of the in- 
fluenza A viruses which consists of 
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eight separate genes. Many speakers 
reported methods developed to assign 
functions to the individual genes, P. 
Palese (Mount Sinai School of Medi- 
cine, New York) is mapping gene func- 
tions of influenza B strains. Unlike the 
A strains, the B strains do not undergo 
dramatic antigenic shifts and do not 
cause pandemics. However, like the A 
Strains they contain eight gene seg- 
ments and eight virus-specific proteins 
can be detected in virus-infected cells. 

The genome of the bunyaviridae was 
discussed by D. H. L. Bishop (Uni- 
versity of Alabama). These are arthro- 
pod-borne viruses, some of which, for 
example California encephalitis virus, 
cause disease in humans. The genome 
consists of three segments: two of the 
segments code for two virus polypep- 
tides while the third codes for two virus 
glycoproteins, probably through a poly- 
cistronic message. 

The segmented nature of the in- 
fluenza virus genome makes it an ideal 
candidate for sequencing studies be- 
cause individual genes can readily be 
isolated. P. Fellner’s group (Searle, 
High Wycombe) in collaboration with 
groups in Cambridge and Mill Hill, is 
sequencing the two smallest genes, 7 
and 8. Both have a characteristic UA 
sequence near the 5 end of the viral 
RNA (vRNA). In prokaryotes a similar 
sequence is associated with transcrip- 
tion termination (Rosenberg er al. Proc. 
natn. Acad, Sci. U.S.A. 73, 717; 1976) 
but in this case at the 3’ end of the 
transcribed RNA rather than at the 5’ 
end of the template. It seems that the 
polyadenylated messenger complemen- 
tary RNA (cRNA) of influenza virus 
is not a full length transcript of the 
VRNA and the extra sequences at 
the 5° end may be important as 
recognition sites for the viral replicase. 
In contrast. unpolvadenylated cRNA is 
a full length copy of the vRNA and is 
presumably the template for new 
vRNA synthesis (A. Hay, National In- 
stitute of Medical Research. London. 
and R. M. Krug, Memorial Sloan-Ket- 
tering Cancer Center, New York). 

Negative strand viruses with un- 
segmented genomes seem to have only 
one promoter site, and the positions of 
the genes in relation to the promoter 
site have been determined in some 
cases using the ultraviolet transcrip- 
tional mapping technique. The se- 
quences of the rtbosome-binding sites 
of all the mRNAs of vesicular stoma- 
titis virus (VSV) have been determined 
by J. K. Rose (Massachusetts Institute 
of Technology). All contain a single 
AUG initiation codon. The cap struc- 
ture for the N. NS and L protein 
mRNAs was bound by ribosomes in 
the initiation complex and showed a 
9-nucleotide homology in the first 11 
nucleotides extending from the 5’ end. 
In contrast, the binding sites of the M 


and G protein mRNAs differed both 
from each other and from those of the 
other mRNAs and did not include the 
cap structure. This observation has an 
interesting physiological aspect because 
translation of the M and G proteins is 
more sensitive to hypertonic shock 
(Nuss & Koch J. Virol. 17, 283: 1976). 
A possible mechanism for this sug- 
gested by Rose is that, in the case of 
these two mRNAs, the ribosome needs 
to move to the binding site and this 
step may be sensitive to salt. 


Transcription and translation 

Genome transcription and translation 
was a major topic of the meeting. 
A. K. Banerjee (Roche Institute, 
Nutley, New Jersey) proposed that syn- 
thesis of a leader RNA sequence before 
any mRNA synthesis, as described for 
VSV and Newcastle disease virus 
(NDV), may be a general strategy for 
the initiation of RNA synthesis by 
negative strand viruses with un- 
segmented genomes. All leader RNAs 
studied are approximately the same 
size and their compositions are similar. 
However, hybridisation studies show 
that there is virtually no sequence 
homology. The 3’ end of the VSV 
genome has a high U content and more 
than half the leader sequence is com- 
posed of A residues. This probably 
functions as a recognition site for the 
virion-associated RNA polymerase. 
These virus genomes can be transcribed 
efficiently ia vitro using a virus- 
associated polymerase. 

A. J. Hay, T. Barrett (University of 
Cambridge) and J. M. Taylor (Institute 
for Cancer Research, Philadelphia) all 
found evidence for transcriptional con- 
trol of individual cRNA species during 
influenza virus replication. Hay found 
that the amount of unpolyadenylated 
cRNAs, presumably the templates for 
VRNA synthesis, were produced in 
roughly equal amounts for each seg- 
ment while the polyadenylated cRNAs, 
presumably the mRNAs, were pro- 
duced in different amounts for each 
segment. Barrett and Taylor both de- 
scribed the preparation of cDNA 
copies of influenza virus RNA made 
using reverse transcriptase, which are 
being used to study the time course of 
VRNA synthesis. 

J. Content (Institut Pasteur, Brus- 
sels) described a coupled cell-free 
transcription /translation system for in- 
fluenza virus capable of producing 
authentic virus proteins in vitro. The 


proportion of viral polypeptides ob- 


in vitro was consistent with 
primary RNA 


tained 
translation of 
transcripts. 

L. A. Ball (University of Connecti- 
cut) reported that six virus-specific 
gene products of NDV were faithfully 
expressed when both transcription and 
translation were carried out in vitro. 
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Ball also used the ultraviolet transcrip- 
tion mapping technique to determine 
the number of promoter sites and the 
gene order of NDV. The results were 
consistent with a single promoter site 
and a gene order of 3’--NP-Fo—-M~ 
HN-L. 

The assignment of virus cores to the 
conflicting demands of virus assembly 
and RNA synthesis was the subject of 
a stimulating talk by D. W. Kingsbury 
(St Jude Children’s Hospital, Mem- 
phis). He has isolated two metabolic- 
ally distinct virus core populations, free 
and bound, in Sendai virus. The bound 
fraction, inactive in RNA synthesis, 
contains the newly assembled cores and 
is likely to be the source of both the 
cores that enter the virion and those 
that become active in RNA synthesis. 
The free cores, active in RNA syn- 
thesis are an older population. Kings- 
bury suggested that a maturation 
process whereby more P and L protein 
is added to the core determines its 
assignment to the free RNA synthesis- 
ing fraction and that once a core 
engages in RNA synthesis it is com- 
mitted to remain within the cell and 
cannot be encapsidated. 

H. Lodish (Massachussetts Institute 
of Technology) reported on the gly- 
cosylation of the virus glycoproteins 
at different stages in their journey from 
the rough endoplasmic reticulum to the 
cell membrane, from which they are 
finally incorporated into the virion. 
The unglycosylated form (Ge) could 
only be detected by translation in vitro. 
A partially glycosylated form (G)), 
lacking the terminal sialic acid, could 
be detected on the rough endoplasmic 
reticulum, while the fully glycosylated 
form (G) was detected on the smooth 
endoplasmic reticulum, the plasma 
membrane and in the mature virion. 


Virulence 

One of the most interesting sessions 
of the meeting was concerned with 
aspects of virulence. Although this is a 
very active area of research, no clear 
picture of the molecular mechanism 
underlying virulence has emerged. H. 
D. Klenk (Institut fiir Virologie, Gies- 
sen) reported that NDV strains differ 
with respect to cleavage of their glyco- 
proteins and these differences are an 
important factor underlying variations 
in NDV pathogenicity. With virulent 
strains of NDV, cleavage and produc- 
tion of infectious virus occurs in all 
host cells analysed, while with avirulent 
strains this is the case only in a few 
host systems. However, with influenza 
virus, although cleavage of the glyco- 
proteins is indispensable for the forma- 
tion of infectious virus particles, other 
factors also influence virus virulence. 
R. Rott (Giessen) suggested that a gene 
constellation determines virulence in 
the influenza virus because, as a rule, 
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infection with recombinants with mul- 
tiple gene exchanges produces less 
severe clinical illness. A miultigeneic 
determination of virulence was also 
favoured by J. L. Schulman (Mount 
Sinai School of Medicine, New York) 
who found that in random recom- 
binants of a low yielding and a high 
yielding strain of influenza virus the 
genes for proteins NP, M and NS were 
selected in recombinants which re- 
plicated in high titres while no such 
selection for P genes was observed. W. 
J. Bean (St Jude Children’s Hospital. 
Memphis) found that virulent recom- 
binants always contained the NP gene 
from the virulent strain and, in con- 
trast to Schulman’s findings, gene 3 
which codes for one of the P proteins. 
J. Oxford (National Institute for 
Biological Standards, London) isolated 
a clone derived from recombinants of 
virulent and avirulent ‘human influenza 
strains which contained all the genes, 
except the two coding for the surface 
glycoproteins, from the avirulent par- 
ent but which was virulent for man. 
It seems that some fine coordination 
exists between the genes for the in- 
ternal proteins of influenza virus whose 
balance can be upset either by muta- 
tion or recombination. This set of 
genes is in turn dependent on the two 
surface antigens for its expression. 


Defective particles 
Defective interfering virus particles 
are aberrant virus particles which lack 


parts of the virus genome and are pro- 


duced when virus is passaged at high 
multiplicities. These DI particles inter- 
fere with the replication of normal 
virus particles and could be a host 
defence mechanism. That a host func- 
tion is required for DI particle forma- 
tion was shown by C. Y. Kang 
(University of Texas, Dallas) who 
found that VSV DI particles could not 
be produced in cells pretreated with 
actinomycin D, while if present in the 
inoculum DI particles can be replicated 
in the presence of the drug. DI par- 
ticles can be derived from either the 
S or 3’ ends of the non-defective 
genome. Those derived from the S’ end 
are capable of only a very limited 
RNA synthesis in vitro and are thought 
to inhibit the non-defective virus at the 
replicase level. J. Perrault (University 
of California, San Diego) and D. 
Kolakovsky (University of Utah, Salt 
Lake City) described DI particles 
derived from the 5 ends of VSV and 
Sendai virus, respectively, with in- 
verted complementary terminal 
sequences. These inverted comple- 
mentary sequences at the S’ end 
presumably confer a replicative ad- 
vantage on the DI particles, since syn- 
thesis of both plus and minus strands 
could be achieved by the same repli- 
case which normally recognises the 


sequences at the 3’ ends of the minus 
and plus strands. 

R. A. Lazzarini (National Institutes 
of Health, Bethesda) described another 
type of DI particle of VSV derived 
from the 3’ end of the genome. This 
DI particle has a leader RNA sequence 
and the genome is transcribed into 
12-175 mRNA in vitro and in vivo 
without a helper virus. It dacks the 
greater part of the L-protein gene 
which is nearest the 5 end of the non- 
defective genome. In mixed infections, 
in addition to interfering with the 
replication of the infectious virus, it 
can augment the production of virus 
proteins, a phenomenon which may in 
some way trigger an enhanced im- 
mune response by the host. Clearly DI 
particle formation and its mode of 
interference is a complex process and 
one which will become increasingly 
important from the point of view of 
their possible role in the treatment of 
virus diseases. Ct 


Nuclear radii and 
magnetic moments 
by laser spectroscopy 
from P. E. Hodgson 


Tue charge and matter distributions 
of nuclei, and their magnetic 
moments, are important features of 
nuclei, and many efforts are being 
made to determine them with in- 
creasingly high precision. It is often 
instructive to see how they change 
through a series of isotopes of the 
same element, but such studies are 
limited by the availability of the 
separated isotopes in sufficient quan- 
tities for accurate measurement. This 
makes it desirable to develop methods 
that are applicable to very small quan- 
tities of the isotope, so that measure- 
ments can be carried out on rare and 
on radioactive isotopes. 

One of these methods uses high 
resolution laser spectroscopy, and the 
results of a determination of the 
nuclear radii and magnetic moments 
of ™Ba and ‘Ba in this way has 
recently been reported by Nowicki 
and colleagues from the Nuclear 
Research Centre at Karlsruhe (Phys. 
Rey. Lett. 39, 332; 1977). 

The isotopes of barium were pro- 
duced by (d,xn) reactions and subse- 
quent -decay from enriched ‘Ba 
and ™Ba. The isotope *’Ba was also 
produced by neutron irradiation of 
enriched **Ba in a nuclear reactor. 
The isotopes were enriched by an 
electromagnetic mass separator. This 
produced between 1 and 10 ng of the 
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isotope, sufficient for the laser method. 
The sample was in each case placed 
in an atomic-beam oven to produce a 
collimated beam of atoms. There is 
a second reference beam using the 
natural isotopic mixture. Light from 
dye lasers is passed through the 
atomic beams and this enables the 
hyperfine structure of a selected 
transition to be determined. 

In this work the hyperfine structure 
of the 553.6nm resonance transition 
6s’ ‘S.-6s6p ‘P, was measured by 
resonance fluorescence. The frequency 
of this transition, and indeed of all 
transitions, is slightly affected by the 
spatial extent of the nuclear charge 
distribution, and a quantum mech- 
anical analysis shows that the shift in 
the frequency is proportional to the 
mean square radius of the charge dis- 
tribution. The change in frequency 
from one isotope to another is thus 
proportional to the difference between 
their mean square radii. 

This experiment gave for the mean 
square radius difference between 
barium 131 and 130 a value of 
—0.006 fm’? and between barium 130 
and 128 a value of 0.022 fm’. These 
results are shown in the figure, to- 
gether with corresponding values for 
other isotopes. This shows that the 
general trend of the charge radii con- 
tinues smoothly for the even isotopes 
and that the large odd—even staggering 
is markedly reduced at neutron 
number 75. The magnetic moment 
can also be calculated from the hyper- 
fine splitting, and a value of 
—0.714 py is found for “Ba. Q 
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Differences of mean square radii of 

the barium isotopes as obtained from 

optical isotope shifts. The straight 

line shows the dependence to be 

expected from a standard homo- 
geneous sphere. 
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Study of membrane permeability changes by 
fluctuation analysis 


Charles F. Stevens* 











The molecular basis of the changes in membrane permeability that underlie the nerve impulse can be 
studied by statistical analysis of the random fluctuations in current through the nerve membrane. Such 
“noise analysis” has already begun to clarify the nature of the gating mechanisms that control the flow of 


ions across the membrane at the neuromuscular junction. 





TWENTY-FIVE years ago this year Hodgkin and Huxley published 
a series of papers that have served as the basis for virtually all 
succeeding studies on the mechanism of the nerve impulse’ 2. The 
key idea in their analysis is that the permeability of the nerve 
membrane to certain specific ions, such as Na and K, is controlled 
by the voltage difference across the membrane. Cells expend 
metabolic energy to keep the concentrations of the various ions 
within the cell different from the concentrations in the outside 
bathing medium--for example, the intracellular concentration of 
Na is about an order of magnitude lower than it is in the 
extracellular fluid bathing the cell—-and Hodgkin and Huxley 
showed that the electrical signs of the nerve impulse are accounted 
for by the permeability changes to these ions, and the resultant 
ionic rush toward equilibrium. To understand the molecular basis 
for nervous activity, then, we must penetrate the mechanism by 
which cell membranes change their permeability to ions. 

Despite considerable progress in our understanding of neur- 
onal mechanisms in the past 25 years, we still do not know 
precisely how, at the molecular level, membranes can alter their 
ionic permeabilities. Quite recently-—-during the past five years—- 
several new approaches to this problem have been developed, and 
the expectation of their success has given rise to an optimism in 
the field that we may soon discover the molecular basis for the 
nerve impulse. My goal in this review is to describe one such 
approach, fluctuation analysis. 

The idea behind fluctuation analysis is to exploit the inherently 
probabilistic nature of the processes that underlie the membrane 
permeability changes in order to gain information about the 
molecular mechanisms responsible. The functioning of excitable 
membranes depends on the opening and closing of channels. 
Because these channels behave probabilistically, the exact num- 
ber of open channels fluctuates around the average value. For 
example, if a membrane contains 1,000 independent channels, 
each of which has a probability of being open of 0.5, the average 
number of open channels will be 500. A particular membrane 
might actually have 490 open channels at one time, 514 at a later 
time, and 502 at a still later time. These fluctuations in the number 
of open channels are governed by the same physical processes 
responsible for all channel behaviour, so the study of the 
statistical structure of the fluctuations can give information about 
the underlying biophysical mechanisms. It turns out, in fact, that 
fluctuations can sometimes contain information that is in- 
accessible by other practical techniques. I shall try here to explain, 
in largely non-mathematical terms, how fluctuation analysis has 
been used to increase our understanding of membrane per- 
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meability mechanisms, and shall indicate how the technique can 
contribute in future studies. Additional information on this 
subject can be found in a non-mathematical survey*, and in 
several more technical review articles that have appeared 
recently*®. 

My explanations about fluctuation analysis will be chiefly in the 
form of specific examples, first drawn from investigations of 
synaptic channels that are caused to open by the neurotransmitter 
acetylcholine, and second from the nerve membrane itself. Before 
giving these examples, however, I shall review briefly current 
views about the molecular basis for the nerve impulse, and survey 
some standard techniques for characterising fluctuations. 


Channels and gates 

Changes in permeability to ions are responsible for the nerve 
impulse. How do these changes occur? The current view is that 
nerve cells have intrinsic membrane proteins that control the 
permeability to specific ions by providing channels through which 
they can pass. Each channel type is named for the ion that 
normally best passes through it, so one speaks of “sodium 
channels” and “potassium channels”, even though potassium 
ions can move, for instance, through “sodium channels” to some 
extent. 

Understanding how these membrane proteins regulate per- 
meability to ions depends on the answers to two central questions. 
The first is: what are the molecular mechanisms responsible for 
the selective permeability of channels? For example, what is the 
physical basis for an ion-channel interaction that permits po; 
tassium ions (crystal radius = 1.33 Å) to pass through and nearly 
excludes sodium ions (crystal radius = 0.99 Å). The second 
central question relates to mechanisms by which membrane 
proteins alter ionic permeability. How, for example, is a mem- 
brane able to increase its permeability to sodium ions by many 
orders of magnitude in less than a millisecond? Questions of this 
second sort are said to deal with channel “gating”, because 
increases in permeability occur as if gates obstructing the flow of 
ions through channels suddenly opened. This review is concerned 
primarily with gating rather than with selectivity. 

Over the years since Hodgkin and Huxley first studied gating of 
sodium and potassium channels in the squid giant axon consider- 
able information about this process has accumulated. There is 
now general agreement that gating occurs by conformational 
changes in a macromolecule. These conformational changes are 
driven principally by interactions of the gate with the membrane 
electric field (membrane field strengths change by about 
100 kV cm™! during the nerve impulse) in electrically excitable 
membranes such as those of nerve cells, or by the binding of a 
ligand known as a neurotransmitter in chemically activated 
membranes such as those that occur at synapses. Ultimate 
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understanding of gating would then involve knowing how electric 
fields or ligands can induce conformational transitions, knowing 
the number of possible conformational states the gate can assume 
and the rates of transition between these states, and finally 
relating this information to the structure of the gating macromo- 
lecule. 

One of the main approaches to understanding the behaviour of 
gates is through the study of kinetics. This approach was 
instituted by Hodgkin and Huxley and involves measuring the 
rates at which channels go from the open to the closed state in 
various circumstances. For example, one might drive channels 
from the closed to the open state by causing a step-like change in 
the voltage across the nerve membrane. The time course of 
opening would be monitored by measuring the permeability of the 
membrane to, say, sodium ions as a function of time after the 
voltage step. One then tries to make inferences about the nature of 
the underlying conformational changes from the kinetics of 
channel opening revealed in such an experiment. Usually, expert- 
ments measure only the average number of channels open as a 
function of time in the sort of experiment just described, but more 
recently membrane biophysicists have been studying the fluc- 
tuations around the mean number of open channels. Such 
fluctuations occur because channel opening and closing is a 
probabilistic process. Although the investigation of these fluc- 
tuations is merely a variation on the more usual kinetic analysis, 
additional information can sometimes be gained from the fluc- 
tuations. My purpose here is to indicate why this is so. 


The structure of noise 

Records of a fluctuating quantity, such as the number of open 
channels, have a statistical structure, and information about a 
system can be inferred from the character of this structure. Before 
giving examples of uses of fluctuation analysis, then, I shall 
summarise briefly some standard characterisations of noise, The 
following discussion will usually assume that the systems under 
study are stationary. This means that the statistical properties of 
the fluctuations do not change with time over the course of a set of 
observations. For example, if the fluctuating quantity under study 
is the number of open channels, the exact number of channels 
open varies from instant to instant, but the average number open 
must stay fixed for the length of the sample; if the average number 
of channels open is 1/2 at the start of the observation period, an 
average of 1/2 must be open throughout the period. 

The simplest characterisation of fluctuations is the variance, 
that is, the average of the squared deviations from the mean. The 
variance is a usual measure for the amplitude of fluctuations. 

The variance indicates the overall magnitude of fluctuations, 
but gives no information about how rapidly they vary with time. 
Random signals can, however, differ dramatically in how fast the 
wiggles occur with, for example, one type of system producing a 
signal dominated by low frequency fluctuations and another by 
higher frequencies. Much of the information about a system that 
can be extracted from its fluctuations is contained in this 
frequency structure. A natural way to extend the simple charac- 
terisation by variance to give information about the rapidity of 
fluctuations is to find the contribution that each frequency 
component of a random signal makes to the overall variance. A 
record of fluctuations could be decomposed by Fourier analysis 
into its various frequency components (for example, | Hz, 2 Hz, 
Fe dee sace & . 100 Hz), and the variance per Hertz contributed 
by each component could be computed. If the random signal 
generated by the system were slowly varying, the variance 
contributed by the higher frequencies would be small, whereas a 
rapidly changing signal would have a much larger contribution 
from the high frequency components. The collection of numbers 
that specify the variance per Hertz for the different frequency 
components of a random signal is known as the spectrum 
assocfited with that signal. Figure | presents examples of two 
experimentally determined spectra displayed in the usual double 
logarithmic plots. 

The individual record of fluctuations produced by a prob- 
abilistic system is almost never exactly the same twice, but the 
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Fig. 1 Sample fluctuations, and spectra from nerve and synaptic 
membranes. a, Fluctuations in potassium current and mean po- 
tassium current (proportional to potassium conductance) from a 
voltage-clamped frog node of Ranvier (T. Begenisich and C.F.S., 
unpublished observations). Lower trace is mean current through 
potassium channels as a function of time, with the potassium 
conductance activated by a positive going voltage step. Upper trace 
is simultaneous recording at 40 x greater gain with the mean current 
subtracted out. Fluctuations on the left of the upper trace represent 
equipment noise contributions. Fluctuations due to channel opening 
and closing are visible on right of trace after the period of flat base 
line which represents a blanking pulse to suppress filter transients. b, 
Spectrum of frog node of Ranvier potassium current fluctuations 
such as those in a (from T. Begenisich and C.F.S.. unpublished 
observations). c, Spectrum of fluctuations in current through acetyl- 
choline activated channels at the frog nerve-muscle junction (C. 
Lewis and C.F.S., unpublished observations), Acetylcholine was 
jiontophoretically applied to a voltage clamped post-junctional 
membrane, and the resulting current fluctuations (proportional to 
conductance fluctuations) Fourier analysed to give the spectral 
densities as a function of frequency plotted above. 
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spectrum characterising the fluctuations is, except for sampling 
errors, always just the same. This spectrum reflects the character- 
istic times of the underlying molecular processes, and in fact the 
reason for determining a spectrum is that it gives a way of 
measuring these characteristic times. If underlying processes are 
fast, the spectrum will reveal large contributions from high 
frequencies, and if the system is sluggish, only low frequencies will 
be appreciable. 

Probability theory provides standard recipes for calculating 
what spectrum any underlying probabilistic mechanism will 
produce’*. If one can formulate a probabilistic theory for a 
process, that theory provides predictions not only about the 
system's average behaviour, but also about the spectrum as- 
sociated with the fluctuations about this average. Comparing 
predicted spectra with observed ones thus provides a way of 
testing for the accuracy of some proposed mechanism. It is 
extremely important to emphasise that no automatic way exists 
for using a spectrum to gain information about a system. The 
study of fluctuations can, as will be explained later, give infor- 
mation that might otherwise be inaccessible for practical reasons, 
but all inferences depend entirely on some sort of theory about the 
source of the fluctuations, 


Synapse channels 

Fluctuation analysis has been most extensively used to study the 
permeability changes produced by the application of the neuro- 
transmitter acetylcholine to postsynaptic membranes, und this 
system will thus be used for the first examples. Although the 
examples presented here do not by any means include all of the 
applications of this technique, they do illustrate types of use. 
Application of fluctuation analysis to postsynaptic membranes 
has recently been reviewed®, 

When a nerve impulse reaches a synaptic nerve terminal on a 
muscle it causes the release of acetylcholine from the nerve 
ending. The acetylcholine diffuses to a specialised postjunctional 
region of the muscle membrane where it causes a transient 
permeability increase to sodium and some other ions. The 
permeability to these ions increases very rapidly and then de- 
creases again over a several millisecond period. These per- 
meability changes are the first step in a sequence that leads to 
muscle contraction, and they can be measured by recording the 
currents that flow through the muscle membrane. These currents 
that reflect the permeability increase caused by acetylcholine are 
called endplate currents. 

Until fairly recently. workers in the field had generally believed 
that the endplate current was a fairly faithful representation of the 
ume course of acetylcholine concentration at the postjunctional 
membrane. Acetylcholine is removed from the vicinity of the 
postjunctional membrane by diffusion and enzyme action, and 
the assumption had been that it took several milliseconds for the 
acetylcholine to disappear by these processes and that endplate 
current continued to flow for as long as the acetylcholine was 
present, An analysis of the acetylcholine-produced permeability 
increase at the frog neuromuscular junction led Magleby and 
Stevens” to propose a theory that supposed the rate limiting step 
in channel closing is a conformational change in the gating 
molecule rather than a decline in acetylcholine concentration. 
According to this theory, one must assume that acetylcholine 
remains near the postjunctional membrane only for a very short 
time. During the brief action of acetylcholine, channels open and 
then close probabilistically over a several-millisecond period after 
the acetylcholine has been removed. This theory accounts quanti- 
tatively for many properties of the endplate current, but the 
assumption that the channel-closing conformational change is 
rate limiting could not be put to direct test with the techniques 
available. The difficulty was that the acetylcholine concentration 
at the postjunctional membrane could not be rapidly measured or 
controlled. This difficulty was circumvented by using fluctuation 
analysis, 

Katz and Miledi had discovered that sizeable fluctuations in 
muscle membrane permeability occur when a constant con- 
centration of acetylcholine is present at the neuromuscular 
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junction, and they concluded that these fluctuations represent the 
random opening and closing of channels'®. The scheme Magleby 
and Stevens developed to describe how acetylcholine causes 
permeability increases, being inherently a probabilistic theory, 
predicted the spectrum of these fluctuations. Specifically, chan- 
nels were assumed to have just two conductance states, open and 
closed, and a channel was viewed as fluctuating randomly 
between these two states when acetylcholine was bound to a 
specific receptor associated with the channel. This theory pre- 
dicts’ that the spectral density S(f/) (contribution to the total 
variance) of the component of fluctuations with frequency f 
should be given by 


_ Ayes 
1+(f/2na))" 


si) (1) 


where g is the average conductance increase caused by acetyl- 
choline, x is the average rate at which open channels make the 
transition to the closed state, and y 1s the conductance of a single 
open channel. The average conductance can be measured in the 
same experiment that produces records of fluctuations, and a can 
be obtained through the Magleby--Stevens theory, independently 
of the fluctuation measurements, from endplate currents pro- 
duced by nerve stimulation. The only parameter in this equation 
not found independently was the single channel conductance y, 
and this was known to have an approximately constant value 
under a variety of experimental conditions that produced quite 
large changes in x and g. 

The strategy then is to observe the conductance (that is, 
effectively permeability) fluctuations and calculate their spect- 
rum. If the theory is correct, equation (1) should describe the 
spectrum: accurately with only one constant y to be estimated 
from the fluctuations. As various conditions are changed that 
alter the spectra, y should remain constant. If the channel closing 
step is not rate limiting, or if the theory is incorrect in a number of 
other ways, equation (1) should not accurately characterise the 
experimentally determined spectra under the various different 
experimental conditions. 

Using this approach, Anderson and Stevens!! found that 
equation (1) was indeed an accurate description of the spectra. 
This success of the theory gave strong support to the idea that 
channel gating properties, rather than loss of acetylcholine from 
the nerve-muscle junction region, are rate limiting during the 
normal endplate current. Furthermore, once the theoretical 
interpretation of the source for fluctuations could be accepted, 
these same experiments gave a measurement of y, the single 
channel conductance. 

Two properties of individual channels may thus be estimated 
from fluctuations in permeability through the use of equation (1), 
the single channel conductance y and the average closing rate for 
open channels x. The statistical theory that led to equation (1) 
provides some additional information about the channel be- 
haviour: the average length of time t that a channel, once open, 
remains open is just l/x. Fluctuation analysis therefore gives a 
way of measuring the conductance of a channel, and the mean 
length of time it stays open without ever actually making 
measurements on a single channel. 

Generally various inevitable sources of instrumentation noise 
make it impossible to record directly, and in isolation, single 
channel currents. By carefully analysing the sources of noise in 
current measurements and cleverly designing apparatus that 
minimises these noise contributions, however, Neher and 
Sakmann * have recently been able to record the currents 
flowing through individual acetylcholine-activated channels in 
frog postjunctional membrane. Their results are in accord with the 
picture developed on the basis of fluctuation analysis: channels 
seem to have only two conductance states (open and closed), and 
the duration of the open state is exponentially distributed. The 
mean open time and y have values in agreement with those 
determined by investigation of fluctuations arising from many 
channels independently opening and closing. Neher’s and 
Sakmann’s achievement is particularly important because cer- 
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tain assumptions made in the theory on which fluctuation analysis 
is based could not be independently checked. For example, all of 
the data obtained before their direct demonstration of simple 
open-closed behaviour were equally consistent with the idea that 
a channel opened instantaneously and then decreased its con- 
ductance exponentially with time. 

Fluctuation analysis has been used to answer a number of 
questions about acetylcholine-activated channels®. In some in- 
stances, the quantities of interest were single channel conductance 
or mean open time and equation (1) had to be used to estimate 
these quantities because they could not be found by alternative 
means. In other instances certain experimental manipulations led 
to more complicated situations in which the spectra had a more 
complex form than equation (1) and an equation for the spectral 
density had to be derived from an analysis of mechanisms. I will 
give two specific examples that illustrate these approaches. 

Colquhoun ef a/.!3 have recently used fluctuation analysis as an 
aid in studying acetylcholine metabolism at the rat nerve-muscle 
junction. Their approach depends upon the important discovery 
by Katz and Miledi!* that various analogues of the natural 
neurotransmitter acetylcholine each cause the channel to remain 
open for a different mean time for a given set of conditions. For 
example, the mean open time is shorter for carbacol than for 
acetylcholine, and longer for suberyldicholine than for acetyl- 
choline. Colquhoun er al. found conditions under which 
monoethylicholine would be taken up by the nerve terminal and 
synthesised into acetylmonoethylcholine. This “false” neuro- 
transmitter was then released by the nerve on stimulation. The 
fact that acetylmonoethylcholine was being released could be 
detected because channels stayed open a shorter average time 
with this false transmitter than with the normal acetylcholine, and 
the false transmitter was less potent than the normal one. The 
characteristic channel behaviour elicited by the false transmitter 
was found by using fluctuation analysis to measure channel mean 
open time and single channel conductance for externally applied 
acetylmonoethylcholine. Being able to detect the quantity of false 
and natural transmitter released means one can study the details 
of vesicle filling with more precision than otherwise possible. 

Ruff! 5 has recently used fluctuation analysis to help unravel the 
action of local anaesthetics at the postjunctional membrane. 
Normally the endplate current decays according to a simple 
exponential time course (reflecting the conformational change in 
closing) but, after treatment with local anaesthetics, the decaying 
phase of the endplate current exhibits two main exponentials, one 
faster and one slower than normal. Of the various hypotheses that 
could account quantitatively for this behaviour, two specific ones 
were: (1) the local anaesthetic molecules alter the lipid microen- 
vironment of receptors and cause islands of lipid and proteins 
with two different characteristics. Some islands are stiffer than 
normal, whereas others are more fluid. In the more fluid islands, 
the conformational change can occur more rapidly (this gives the 
rapid exponential decay), whereas the stiffer environment pro- 
duces slower than normal conformational changes (this gives the 
slower exponential component in the decay of endplate current). 
(2) Local anaesthetic molecules could rush in and block open 
channels so that ion transport through the membrane could not 
proceed but nor could the conformational change occur that 
closes the gate. In this theory the rapid exponential in the decay 
would reflect the initial establishment of a steady state number of 
blocked channels, and the second exponential would arise from 
the slow unblocking and closing step. 

Both of these theories, as well as others, could account 
quantitatively for the decay of endplate currents and no obser- 
vation on mean endplate currents can distinguish between them 
because they give rise to the same descriptive equation. The 
theories do, however, make different predictions about the 
spectra. Both mechanisms would give a spectrum with two 
compotents that is more complicated than the type described by 
equation (1). The amplitudes of the components are different for 


the two theories, so that a measurement of the mean endplate 


current and the spectrum permits a differential test. Ruff has 
carried out this procedure for the two theories indicated above 
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and others, and has found that the blocking mechanism is in 
quantitative agreement with the experimental observations, but 
predictions of alternative theories are not. This example illus- 
trates a fairly common occurrence: different molecular mech- 
anisms make identical or practically indistinguishable predictions 
about average behaviour, but give rise to spectra with easily 
detectable differences. 


Nerve channels 

In 1966 Verveen and Derksen published a short account of their 
studies on fluctuations in nerve membrane permeability'® and 
thus began the use of fluctuation analysis to investigate nerve 
membrane properties. Interestingly, the main motivation for the 
early studies from Verveen’s laboratory related more to infor- 
mation processing properties of the neurones than to the mol- 
ecular mechanisms of excitability. Verveen’s thesis!’ had been 
concerned with random threshold fluctuations in nerve, and he 
and Derksen had set out to discover the membrane correlates of 
this phenomenon. Blair and Erlanger’? had, in the course of their 
pioneering work on the nerve impulse, discovered that nerves 
stimulated near threshold produce nerve impulses probabilisti- 
cally, and Pechert? had quite carefully investigated this pheno- 
menon and found that the threshold variations were independent 
and normally distributed if stimuli were applied at an appropriate 
rate. Early interest thus centred on the probabilistic behaviour 
neurones exhibited in some circumstances, and was largely 
motivated by implications this behaviour has for nervous system 
function: how can the nervous system be reliable when its basic 
elements, the neurones, are “unreliable” in the sense that they 
cannot be counted on to give a nerve impulse whenever stimu- 
lated? 

In recent years, however, the main motivation for the study of 
fluctuations in properties of the nerve membrane has been related 
not to information processing, but rather to the significance for 
the molecular basis of nerve excitability. Furthermore primary 
interest has shifted from studies of the so called “1/f noise” first 
described by Verveen and Derksen to the conductance fluc- 
tuations that arise from the probabilistic opening and closing of 
channels. In the remainder of this review I shall concentrate on 
“channel noise” rather than on the I/f noise associated with ion 
motion through open channels; that is, my attention will be 
limited to fluctuations in conductance associated with the opening 
and closing of the channels responsible for nerve excitability. 

A resting nerve cell normally has an interior that is about 
60 mV more negative than the outside solution. If the voltage 
across the cell membrane is displaced from the normal resting 
value of —60 mV to more positive values, ion selective channels 
(Na, K, Ca) are caused to open so that the membrane con- 
ductance increases. Hodgkin and Huxley discovered that the 
increase in conductance as a function of voltage is a sigmoid 
function of voltage for each channel type (Fig. 2). 

Two limiting mechanisms can be envisaged for this type of 
behaviour. On the one hand, one could suppose that each channel 
opened in a graded manner with voltage. According to this view, 
we might expect that, if the conductance of just one channel could 
be measured at different voltages, a single channel would show a 
conductance against voltage plot like that exhibited in Fig. 2. On 
the other hand, each channel might have only two conductance 
states, open and closed, and the gross conductance against 
voltage curve (Fig. 2) might simply reflect the fraction of channels 
open at any voltage. Of course, intermediate cases are easily 
envisaged. A channel might have, say, four different conductance 
levels (closed, 1/3 open, 2/3 open, fully open), and Fig. 2 would 
reflect the fraction of channels in each of their conductance states. 
Clearly, one cannot formulate a theory for channel opening 
mechanisms without knowing which of these possibilities is 
correct, Fluctuation analysis has been used to investigate this 
important question, and is, unfortunately, the only approach 
currently available. 

At the acetylcholine-activated channels of the nerve-muscle 
junction increasing the dose of acetylcholine causes a larger 
conductance by causing more channels to open, but y has the 
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Fig. 2 A typical plot of steady-state conductance for one channel 
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between the interior of a nerve cell and the exterior solution. The 

ordinate presents conductance as a fraction of the maximum 
possible value. 


same value irrespective of how many channels are opened on the 
average. For the nerve membrane, channels open in response to 
the membrane voltage rather than the presence of a neurotrans- 
mitter like acetylcholine, but in this case as well, y should be 
independent of the number of open channels if each channel has 
only two conductance states, open and closed. If, on the other 
hand, each channel has many conductance states, with the higher 
conductances favoured by positive voltages, one might expect 
that y would increase as the total conductance were increased by 
subjecting the membrane to positive voltages. Although the 
actual situation turns out to be somewhat more complicated than 
these simplest expectations, fluctuation analysis can show 
whether y remains constant as the total conductance increases. 

The use of fluctuation analysis to get an indication of how many 
conductance states a type of channel might have is best in- 
troduced by considering the limiting case in which channels can be 
only open and closed. According to simple coin-flipping 
theory’, we know that the average conductance is 


g = Nf (2) 


where y 1s the single channel conductance, g is the average total 
membrane conductance, N is the number of channels in the 
membrane (they are assumed to be independent), and f is the 
probability that a channel is open. The quantity f would depend 
on voltage, and thus so would g. The variance in conductance is 


s* = Nf (I-/); (3) 


where s? is the variance and other symbols have the same meaning 
as in equation (2). The quantities g and s? can be measured in 
experiment, and fcan be estimated from the conductance/voltage 
function such as appears in Fig. 2 if we assume that maximum 
conductance corresponds to a channel certainly being open (/ is 
then just the fraction of the maximum conductance). Eliminating 
the unknown quantity N from equations (2) and (3), we can solve 
for y, the single channel conductance, in terms of measurable 
quantities g, s*, and f: 


TIE ee (4) 


Equation (4) gives a means of estimating single channel con- 
ductance if channels have only two conductance states. 
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If the excitable membrane channels have only two conductance 
states then y estimated by equation (4) should, like the 
acetylcholine-activated channels described earlier, always have 
the same value. (Actually channels show rectification under some 
circumstances, so y might appear non-constant. This rectification 
can be taken into account by measuring the instantaneous 
voltage-current relation and using the information to refer values 
of y to some reference voltage.) As the membrane voltage is made 
more positive the probability that a channel is open approaches 
unity; the average number of open channels thus increases with 
positive voltages, so the average conductance g might increase 
along a sigmoid curve like that illustrated in Fig. 2. The variance 
in conductance fluctuations should, however, follow and inverted 
U-shaped function of voltage (according to equation (3)) that 
gives a constant y estimate. 

What would be expected if single channels have multiple 
conductance states so that the average conductance of a channel 
increases as the membrane voltage is made more positive? In 
general, y as defined by equation (4) would not for this case be a 
constant independent of membrane voltage, but the exact be- 
haviour of y as the total conductance increased would depend on 
the exact mechanism underlying the conductance increase. 
Specifically, y (according to equations (4)) might increase, de- 
crease, or remain constant as g was increased by making the 
membrane voltage more positive. If the primary means by which 
the membrane increases its overall conductance is by making each 
channel more conductive, y would, on the simplest theories, 
increase as g did. It is not difficult, however, to construct specific 
examples in which y remains constant or decreases as g is 
increased, 

In summary, measuring y as a function of the mean con- 
ductance g can give an indication about whether individual 
channels have two or more than two conductance states. If a 
channel can only be open and closed, y must be constant. If y 
calculated from equation (4) is actually observed to be constant, 
the simplest interpretation is that channels can be only open or 
closed. The experiments performed so far indicate that y is 
constant as g increases, so gates seem to behave in the simple 
open-—closed way. 

Three investigations of single channel conductance, estimated 
by equation (4), as a function of the total conductance g have 
appeared, all on frog nerve; one study was on potassium 
channels**, and two on sodium channels?!?. Begenisich and 
Stevens?’ could find no significant change in y for K channels over 
a range of voltages that give from 15%% to 85% of the maximum 
conductance. These workers found that the single channel con- 
ductance was 4 pS (4 x 107}? ohm™!), a value about 7 times lower 
than that for the acetylcholine-activated channels. 

Sodium channels are more difficult to investigate than are 
potassium channels because of sodium channel inactivation: at 
most voltages, sodium channels open only transiently. The 
opening process is called activation and the closing, in the face of a 
maintained positive voltage, is known as inactivation. For exam- 
ple, if the membrane voltage is changed from a resting value of 
—60 mV to +40 mV, the sodium conductance would rapidly 
increase, and then decrease to nearly zero even though the voltage 
was kept constant. After becoming inactivated, sodium channels 
must have a rest period at a negative voltage before they can be 
activated again. This process of inactivation not only complicates 
the theoretical analysis of sodium channels, but also hinders the 
application of fluctuation analysis that requires observation to be 
made during a relatively long period during which the average 
conductance remains nearly constant. Potassium channels also 
show a similar inactivation phenomenon, but the rate of develop- 
ment of the inactivated state is so slow that sufficiently long 
samples with an insignificant change in mean conductance can be 
obtained. 

Conti et al.** have studied fluctuations to investigate the 
behaviour of the sodium channel y as the average conductance 
was varied. Because of the presence of sodium channel in- 
activation, however, these workers were restricted to a somewhat 
smaller range of voltages than were Begenisich and Stevens. As 
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with the potassium, channel, y remained constant over the entire 
accessible voltage range with a value of about 8 pS. 

More recently Sigworth?? has approached the problem with a 
different method that does not assume stationarity and that 
therefore circumvents the difficulties arising from the presence of 
sodium channel inactivation. The studies described until now 
have all carried out an analysis of fluctuations that occur over 
time around a constant or nearly constant mean value. Sigworth 
collected an ensemble of records with a transient rise and fall in 
sodium conductance. These records should all have been identical 
except for probabilistic fluctuations. After evaluating the source 
of variability other than from the random opening and closing of 
channels, Sigworth calculated the variance about the mean from 
all records at each time point. Equation (4) should still hold, 
except that the mean and variance are calculated for an ensemble 
of records rather than over time for a single record. 

Using this approach, Sigworth was able to estimate y over the 
entire range from the resting voltage to +150 mV. In con- 
firmation of the findings of Conti et al., these experiments give a 
constant y with a value of 8 pS under normal conditions. The 
value of y was unchanged by treatment with tetrodotoxin, agent 
that decreases the number of functional channels present, but was 
decreased by lowering pH. This pH effect is consistent with a 
blocking action of hydrogen ions on ionic conduction through the 
channel??, 

Although these studies are certainly not conclusive, they do 
constitute the first experimental support for the notion that 
channels in the nerve membrane, like the acetylcholine-activated 
channels at the nerve-muscle junction, have only two main 
conductance states, open and closed. If sustained by future 
research, this conclusion greatly simplifies the understanding of 
gating mechanisms. 

The first application, of fluctuation analysis to nerve membrane, 
thus relates to evidence for an all-or-none gate on potassium and 
sodium channels. Another use, and one that will probably be 
more important, is in distinguishing between various possible 
molecular mechanisms of gating. Even at a constant voltage, the 
time course by which nerve channels open and close is quite 
complicated and requires a fairly high order differential equation 
for a good description. The Hodgkin-Huxley equations for 
potassium channels, for example, involve a fourth order differen- 
tial equation. The difficulty is that various possible underlying 
mechanisms can give rise to the same equation for average 
behaviour, and an even larger number of mechanisms is con- 
sistent with similar mathematical descriptions that would, in 
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practice, be indistinguishable in their predictions for average 
behaviour. In general, however, distinct molecular mechanisms 
that predict identical or very similar average behaviour can make 
quite different predictions about the spectra of conductance 
fluctuations. Fluctuation analysis. then. has the potential of 
helping to decide between various alternative mechanisms that 
equally well account for the average behaviour of nerve channels. 
This approach has already been successfully used by Ruff, as 
described earlier, in investigations of local anaesthetic actions. 

A number of investigators have published spectra of con- 
ductance fluctuations for nerve membranes?! 74-79. So far, how- 
ever, for reasons that are not yet clear, no two laboratories have 
managed to agree on the form and amplitudes of the spectra they 
find. The nature of these disagreements has recently been 
detailed by Nether and Stevens® and will not be repeated here. 

To summarise, one may say that fluctuation analysis has 
already helped in understanding gating mechanisms at the nerve- 
muscle junction as indicated by the examples given earlier. 
Further the technique has given the first experimental evidence 
that nerve channels gates behave in all all-or-none manner. The 
challenge for the future will be to make use of this approach to 
elucidate the processes underlying the phenomena described by 
the Hodgkin-Huxley equations. 
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Recent data on the so-called super-light expansion velocities 
observed in the radio galaxy 3C120 show a good fit to the light 
echo theory, provided the Hubble constant is 110410 km s` ` 
Mpc” &. Statistics on three super-luminal sources interpreted 


with that theory give the same Hubble constant. A method of 


determining qo from each source with data that may already 
exist, looks very promising. 
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Rees and others)? have displayed remarkable ingenuity in 
devising mechanisms that can lead to high multiples of c in 
apparent transverse motion, nevertheless, the only theory that 
looks plausible for general application is the old ‘light echo’ 
theory*. In 1901 Nova Persei exploded close to a reflection nebula 
and its light echo was seen on the nebula with an apparent 
transverse expansion of a diameter of 2c, and was used to 
determine a distance to Nova Persei*. I aim to show here that the 
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mystery that surrounds the super-luminal velocities observed in 
radio sources is a myth, and that all well observed objects can be 
explained with this old theory. The mystery has developed because 
most authors preferred too low a value of the Hubble constant and 
the interpretation of the data has caused some confusion. This 
investigation was stimulated by the account of Cohen er al.* of 
both super-luminal velocities and the ambiguities of their in- 
terpretation. 

My accretion disk picture® of quasars and Seyfert galaxies 
has the inner part of the disk inflated into a nearly spherical shape 
by radiation pressure'®:!', Just as water flowing into the black hole 
ina bath does so around a narrow vortex, so the sphere is pierced by 
a narrow vortex hole on the sides of which velocities close to ¢ are 
reached as the central black hole 1s approached. X rays, strong 
electromagnetic waves and relativistic plasma generated close to 
the holecan only escape up or down the narrow tube formed by this 
vortex. I shall assume that brilliant flashes of radiation (or 
alternatively relativistic shock waves moving with velocity c) 
emerge up these oppositely-directed holes and that their energy 
density is so great that they generate relativistic random motions in 
the plasma they illuminate. This causes the plasma to radiate by the 
synchrotron process. The patches illuminated by a flash from the 
centre each move out with the velocity of light. IH the tube were 
perpendicular to the line of sight the apparent transverse expan- 
sion apart of the two components would be 2c. Allowance for an 
angle O between the tube and the observers’s line of sight, however, 
changes this to 2c/sin 0. 

There are two immediate objections to this theory. (1) 3C120 has 
shown two flashes at 5c and 8e so that @ must change over a short 
period, but the position angle on the sky remains unchanged. | 
shall show that the second expansion velocity is caused by a 
misinterpretation and that the events in this galaxy fit the theory 
perfectly. (2) There are too many very large multiples of ¢ observed 
in apparent expansions. This is explained by the change of Hubble 
constant together with some over-concentration on more esoteric 
interpretations of observed events. In particular Cohen er al.” 
point out that events in 3C279 can either be interpreted as a 10e 
expansion ($c on the new Hubble constant) or as three fixed 
sources of variable intensity. No doubt two moving sources and an 
off-central source of variability would be as good. 

The light echo theory used here suggests rules of interpretation 
which should help to build much better models from very long 
baseline (VLB) data. These in turn will yield values for go the 
deceleration parameter that determines the geometry of the 
universe. Data probably already exist which will allow this to be 
done for 3C345, 3C279, 3C 454.3. 

Herea simple account of the light echo theory and its predictions 
is given. These are used to determine the Hubble constant in two 
different ways. First, from the data on 3C 120 and second, from the 
statistics of the three well-observed super-luminal expansions. 
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Simple light echo theory 

for non-cosmological distances 

Consider an object O not moving with respect to the radio antenna 
A. Letits tube point at Oto the line of sight. Then a flash from O will 
illuminate and excite material at a source S, distant cf from it. This 
event will be seen by A notat time z after he sees the initial burst atO 
but at time f—(ct cos #)/c because the source S, is nearer than O. 
The observed transverse velocity of S, is 


[er sin OV ~cosé)]. 
That is 
a/e = sin O/A] — cos O) (1) 


The source flying in the opposite direction has apparent transverse 
motion t, where 


taje = sin 6/(1 +cos 0) (2) 


The apparent separation velocity is the sum of these 
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v, = 2e sin 0/1 — cos? 0) = 2c/sin 0 (3) 


Note that the apparent velocity of separation can not be < 2c. 
Also if S,,S, and O are all seen, then the separation ratio 


PEAREN ( 4) 





and so @ can be determined direct from such observations. With @ 
known and the apparent angular separation rate y = V/D found 
from VLB observation then the distance Dis v,/7 = 2e(zsin 0y +. 
The Hubble constant is then determined from the redshift z of the 
object at O by Hy = ez/D. 


Modification factors 

The above theory is subject to simple modification when the object 
O is not observed at rest but nearby at a large redshift z. In the first 
case the observer allowing for time dilation attributes an ‘ap- 
parent’ expansion velocity v, related to y by 7 = v/[DU + 2)]. The 
events seem to happen slower than they really do because of the 
redshift. Second, the great time lapse between the emission and the 
reception of the radiation is large and the geometry may not be 
Euclidean or Minkowskian. In particular in Friedmann universes 
the formula connecting the apparent transverse motion 7 and v, is 
not 


CE 
n= Dl +2) = —-(1 +2); 5 
Us XO +2) He MY (5) 


where H, is the Hubble constant, but is modified by factors 
dependent on the acceleration parameter qp. The full formula 
(given in ref. 5) is 


Us x ae ~ a2 - 
S = gy AA +z) Hoz gof + 2goz)'* - 1D) (6) 
€ Hy 
for qaz < 4 this gives 
U, 2 z , 
i Fa 'H + 51 — qo) z2] (7) 


Note the correction factor of (1 +2)” *{1 +4(1 — go)z] as compared 
with the simple equation (5). Equation (4) being a ratio of 
separations still holds good as do equations for c/w, and r,/v, 
obtained by dividing equation (1) by (3) and equation (2) by (3). 


S2 


Fig. 1 A flash at O in a tube illu- 
minates and excites two patches of 
plasma seen by the antenna A at 
positions S; and 8,. Whereas both $, 
and S, actually travel out at the speed 
of light, S, is seen at an earlier source 
epoch because it is further away. 
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Fig. 2 The observations of 3C120 as reported in ref. 5 but with a 
dotted line superposed. b, plots y the separation angle S, AS, against 
time. @, 2.8 cm; ©O,.3.8cm; A, 6.0cm. a, The 3.8 cm flux. 


Application to 3C120 


Figure 2 shows the observations given in ref. (5). The 3.8-cm flux 
shows an outburst in 1973 which caused a double source. This was 
seen asa simple double expanding ataboutv, = S5c(solid line) until 
1974.2 when the double model failed to fit well, because of a small 
increase of flux. In 1975 there followed a violent increase of flux 
and immediately a two source model fitted well again, but at about 
the same separation as it was at 1974.0. The source began to dim in 
late 1975 and in 1976.1 it was again a well-determined double 
although the flux then was not given. Cohen et a/. interpreted these 
events as the two super-luminal expansions of Se and 8c given by 
the heavy straight lines. In my interpretation, however, this would 
involve the vortex tube up the rotation axis of the radio galaxy to 
turn between the two events and I consider this unlikely, especially 
as the observed position angle of separation on the sky are the same 
for both doubles. The following interpretation of events is more 
natural. 1972.5-1973 a double expanding source S,,S, was born at 
O and expanded throughout 1973 as its flux diminished. In early 
1974, the object at O brightens, confusing the neat double 
interpretation of thedata. In 1975.2, O has increased in brightness 
so much that it forms a double with S,, the source moving towards 
the Earth and S, is outshone and ignored. O dims in late 1975 
leading to a confused picture with $,, O and S, all seen. Finally in 
1976, O dies away leaving the old expanding source S, S,. This 
latest point fits on the dotted expansion line (4.6c) of the old source, 
which i$ a good alternative to the full line (Sc) if one ignores 
confused data. The importance of this new interpretation arises 
because it not only removes the discrepancy of two different super- 
luminal velocities observed from the same object, and therefore 
probably at the same @ but, because we see O at times we can 
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measure the ratio of the separations OS, to OS, and hence 
determine 0. Hence, the apparent transverse separation velocity is 
known from equation (3) so the observed angular velocity gives the 
distance and hence Hubble’s constant. The small z = 0.033 of 
3C120 makes the cosmological corrections unimportant for this 
source, so the Hubble constant derived in this case is independent 
of Go. The same method applied to 3C345 should also yield a good 
value of qo. 

If @ were 90° the clear double seen in 1975.4 would have been half 
way up to the dotted line, Its fractional offset [OS, —48,S,]/S,S, 
corresponds to the offset of O from the centre of S, and S, and is, 
therefore, 4 cos 6, from this © = 68°+10°. It is particularly 
interesting that this angle is close to the inclination of the apparent 
disk of 3C120 measured from Arp’s picture on which it seems to be 
a disturbed spiral’*. From his picture, / = 55~60° but this may be 
in error by 10° due to the fact that the disturbed disk does not havea 
circular outline. Furthermore the observed separation of the radio 
double, although fairly close to the apparent minor axis of the 
optical image is not along it. It seems reasonable to assume that 
ejection is taking place along the rotation axis, but the galaxy has 
imperfect circular symmetry. In such a case i should equal @ and as 
both determinations have similar errors we shall take 8 = 644+8°. 
The light echo theory then gives 


v, = 2c/sin 64° = 2.22¢+0.19¢. 


Cohen et al. adopt Hy = 55kms~' Mpc”? and obtained 5c for 
this velocity, but our correction to the dotted line interpretation of 
Fig. 2 yields 4.6c on that scale. To deduce the answer from the light 
echo theory the Hubble constant must be changed by 
(4.6 +0.2)/2.22 +0.19) = 2.1+0.2 producing Hubble constant 
of115+12 km s7! Mpc™}, 


Application to 3C273 


Triple models have been given’? for 3C273 and the best ratio of 
source distances from the centre gives cos @ = 0.2+0.2, 
0 = 78.5.°+12. The expected expansion is 2c/sin @ = 2.04c while 
the observations give 4.2c on the Hy = 55 scale, with gy = 0.05. 
The correction factor is thus 4.2/2.04 = 2.05 yielding a Hubble 
constant of 11377, km s7! Mpe” t. 


Statistics of super-luminal expansions 

From equation (3)v, = 2c/sin 0 so this velocity cannot be less than 
2c. Furthermore most of the solid angle of a sphere is not too far 
from its equator, so v, ought often to be just greater than 2c, 
whereas v, > 6c should occur only seldom. The times a super- 
luminal velocity less than some chosen v, is seen should be 


Ne | | ye Pp? 
“on = (2r) [27 —2n(1 — cos 0)] = cos 0 = [ -(=) l 


0 Us 
for v, > 2c 0 forev, < 2c (8) 
The distribution function for v, should be ~d(N/N,)/de, and this is 
plotted as Fig. 3. With only three well determined super-luminal 
velocities to consider, however, it 1s better to consider the formulae 
for the integrated distribution and its moments. In particular 
averaged over angle 


l s 
E EE aie te 9 
eg t Ny Be 2è ) 


and 


Me. lene 2 AA] 
2 = saeco ain vaert ener EAEE, TEER 10 
á (- ©) ? (; ane om 
a = 0.22/2c. 


The three well determined super-luminal velocities are, on the 
Hy = 55kms~' Mpc™'! scale with qu assumed small (gy = 0.05), 
v/c = 4,6, 4.2, and 7.0 in the objects 3C120, 3C273 and 3C345 
respectively. Thus with standard errors for the mean 


l l l 
<> = (0.20 +0.05)- = (0.40 £0.10); 
LAN : a 


To scale this to the theoretical value of equation (9) we must change 
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Fig. 3 a, The distribution of superluminal velocities expected from 
the light echo theory, and 4, its integral plotted against 2c/¥, 
compared with the histogram of observed data. 


Hubble's constant by 0.79/(0.4+0.1) = 2.0+0.5 giving 
Ho = 110430. One further constraint on the factor may be 
independently deduced from the expansion of 3C273 at 4.2¢ on the 
H, = S3scale. From our theory this must be greater than 2¢ so the 
correction factor cannot be larger than 2.1. Taking this and its 
error into account the best value of the correction factor is 2.0 +0.1 
and the Hubble constant is 110 kms”! Mpe~! with a maximum 
error upwards of 1Okms~ | Mpc™! andanr.m:s. error downwards 
of about 10 also. 


Principles for interpreting super-luminal source data on light 


f Cc 
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echo theory are (1) Bursts occur at the source O. (2) They usually 
cause pairs of expanding sources S, S, of which S,, the one nearer 
the observer, 1s normally seen as the brighter, Since S, is seen at an 
earlier source epoch it may have a flatter (harder) spectrum than 
5,.(3)8, and $, expand outwards at velocities csin 0A] — cos @]and 
csin O [1 +cos0] respectively. These velocities do not accelerate. 
(4) Further bursts may occur at O leading to a brightening of O 


possibly followed by further source pairs S$,’ $2‘ travelling along the 
same position angle and at the same velocities as S; and S; 


respectively. (5) All source pairs will eventually fade but the 
source O is responsible for all very rapid time variability. 


Predictions 

The light echo interpretation of the 3C120 data suggest that when 
the 3.8 cm flux at 1976.1 is disclosed it will again be low. Also that 
the next experiment will show a point on the dotted line of Fig. 2 if 
the flux continues low. It also suggests that the ratio S,0/S,0 will 
be about 0.101fOis seen in 3C345 (we may already have seen O and 
not S, in which case we still expect the same ratio). 

The new value of Ho predicts that no super-light velocities v, less 
than 4c on the old H, = 55 scale will be detected. If, however, S, 
were not seen the separation speeds of c, down to 2¢ on that old 
scale could be found. Finally each source should give the same 
value for He If this interpretation is correct. 


Conclusions 


The Hubble constant is 110+10kms~' Mpc” !. The universe is 
half the linear size and half the age that would be attributed toit on 
the old Hubble constant of 55 kms~' Mpe~!. The new Ha~ ' age 
is 9 x 10° yr and this means that Einstein-de Sitter age of 3H ~! is 
embarrassingly small for stellar evolution theory. Hence, it is 
probable that the Universe is open with a small value of go. For 
many years Van den Bergh and de Vaucouleurs, and more recently 
Dibai, Hanes, Hartwick and Madore, have advocated almost as 
large values of the Hubble constant. 

I thank the large VLBI teams for their hard work and J. R. 
Shakeshaft, D. Richstone and G. Wegner for helpful discussions. 
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Optimum efficiency of photogalvanic 
cells for solar energy conversion 
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The performance of photogalvanic cells for the direct con- 
version of solar energy to electrical energy depends on the cell 
Photochemistry, the homogeneous kinetics, the mass trans- 
port, the electrode kinetics and the load on the cell. The 
variation of the power output with the concentrations of the 
redox couples, their transport and kinetic parameters and the 
dimensions of the cell is found. The power conversion 
efficiency of the optimal cell could be as large as 18°” but it is 
unlikely that all the necessary conditions can be met. A more 
realistic estimate of the maximum power conversion ef- 
ficiency that could be achieved from a photogalvanic cell is 
between 5 and 9%. 
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PHOTOGALVANIC cells are possible devices for the direct con- 
version of solar energy into electrical energy. This paper is 
concerned with the maximum power that can be achieved by such 
devices and with describing the conditions for the most efficient 
operation of such cells. The cell works by the reactions 


Solution A+Z2B+Y 
k 
A Í$ as 
A* +Z =- B+Y 
Electrodes B=- A+e 


or Yte+Z (l) 
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Two redox couples A,B and Y,Z are present in the solution; in the 
dark there is a very small concentration of B. On illumination, the 
absorption of radiation by A and the subsequent electron transfer 
reaction of A* with Z generates B. The photogenerated B reacts 


on one of the electrodes thereby generating power. Examples of 


this type of system are shown in equations (2) and (3). We assume 
that the concentrations of Y and Z are large, compared to the 
concentration of A so that the concentrations of Y and Z 
throughout the cell are not significantly perturbed from their 
values in the dark. 


I : 7 + + s 
Ru(bpy)}* +Fe?* & Ru(bpy) * + Fe? (2) 
k 


where bpy = 2,2'-bipyridine. 


N , $ 
TA hv 3H* oN 
H,N S NH, k nK $ NH, 


The best geometry for the cell consists of two parallel electrodes 
separated by a thin layer (~0.1 mm) of electrolyte solution. One 
of the electrodes is transparent (such as SnO;); the light is shone 
through this electrode, as shown in Fig. 1. 


Reactions on electrodes 

The performance of the cell depends first on the kinetics of the 
electrode reactions. On either electrode, either couple can have 
‘reversible’ or ‘irreversible’ electrode kinetics. When a couple is 
reversible the electrode kinetics are rapid and the surface con- 
centrations of the couple at the electrode obey the Nernst 
equation. When a couple is irreversible the electrode kinetics are 
sluggish and we only consider the extreme case where no electrode 
reaction takes place. The performance of cells, in which couples 
have intermediate electrode kinetics, will be between the two 
extremes that we consider. Four of the 16 possible cases are shown 
in Table 1. 

Eight cases which have irreversible electrode kinetics for both 
couples on either of the electrodes can be rejected because to pass 
current it is essential that one of the couples should be reversible 
on each electrode. Four cases in which the Y,Z couple is reversible 
on both electrodes can be rejected because we have assumed that 
there is an insignificant perturbation to the concentrations of the 
Y,Z couple; so if the couple is reversible, the two electrodes will 
have the same potential and no power is produced. Similarly the 
fourth case of Table 1 can be rejected because at the dark 
electrode the reversible A,B couple will give the same potential as 
the reversible Y,Z couple at the illuminated electrode. This leaves 
three cases worth considering. In the first, the electrode kinetics 
are similar on the two electrodes and hence they can be made of 
the same material. The cell works as a ‘concentration cell’. In the 





Table 1 Revérsibie (R) or irreversible (1) electrode kinetics 





Illuminated Dark 
electrode electrode Notes 
Couple A,B Y.Z A,B Y.Z 
Case | e R I R I Concentration cell 
Case 2 R l Į R Differential electrode 
| kinetics I 
Case 3 R I R R — Differential electrode 
kinetics H 
Case 4 R R R I Reject 
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other two cases the electrode kinetics are different on the two 
electrodes and the cell works with ‘differential electrode kinetics’. 


Concentration of B in solution 

To find the power developed by the cell we have to calculate how 
the concentration of B varies with the distance between the two 
electrodes. A steady state is established described by the differen- 
tial equation (4) 


D- +ġlea—kby = 0 (4) 


where D is the diffusion coefficient of B; x describes the distance 
from the illuminated electrode; ¢ is the quantum efficiency for the 
generation of B from A; Zis the quantum intensity of the light: eis 
the natural extinction coefficient of A; a, 6, and y are the 
concentrations of A, B and Y respectively; and ap is the 
concentration of A in the unilluminated solution. 

The first term describes the diffusion of B, the second term its 
photochemical generation and the third term the thermal reaction 
with Y. There is no term describing transport by convection 
because we assume that the electrodes are close enough 
(< 0.1 mm) for natural convection not to develop. There is no 
advantage in having the electrodes further apart and there may be 
the disadvantage that the internal resistance of the cell may be 
larger. 

The light intensity in equation (4) varies with x and obeys 


ere — gai = — (dp — bH (5) 


where we have assumed that the diffusion coefficients of A and B 
are equal so that a +b = ap. This differential equation gives the 
Beer-Lambert law when b < ap, but we have also investigated the 
situation where b ~ ap which means that the solution is bleached. 

The boundary condition for equation (5) is that at x = Q, 
l= fe 

The boundary conditions for equation (4) depend on the 
electrode kinetics. At the illuminated electrode for the first three 


cases in Table | 
Ch lil 
nwee sarare j detent aaora 6 
(i) bo = FED m 


At the dark electrode the boundary conditions depend on the 
different electrode kinetics shown in Table | and are: con- 
centration cell, (6b/éx), = b4; differential electrode kinetics case | 
(Cb/éx),; = O: case H 6,0. 

The case H boundary condition arises because with both 
couples reversible, the dark electrode re-establishes at its surface 


Fig. 1 Typical photogalvanic cell. 


pe 


Dark electrode 


Illuminated electrode 


Photogalvanic 
solution 
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the equilibrium values of the concentrations found in the un- 
illuminated solution; any B is destroyed by the electrode: 


Bo Ate 
e+ ¥ > Z (7) 


The solution of the differential equations with the boundary 
conditions has been described elsewhere’. The value of b at the 
illuminated electrode allows the potential at that electrode to be 
calculated from the Nernst equation, as in all three cases the A,B 
couple is reversible. For the concentration cell a similar calcu- 
lation is carried out at the dark electrode. For cells with 
differential electrode kinetics the potential difference at the dark 
electrode is unchanged from its value where the cell is un- 
illuminated. Hence for each value of the current using equation 
(6) we can calculate the potential difference across the cell and 
hence the power produced. 


Results 

In giving the results of the calculations it is convenient to 
introduce the characteristic lengths given in Table 2, In Fig. 2 we 
show some typical concentration profiles for different values of 
the characteristic lengths and for the different electrode kinetics 
given in Table 1. The profiles are drawn for the case where the cell 
is short circuited. We also show how the light is absorbed in the 
cell. In all these cases the solution is not bleached and the 
generating length is unimportant. The current at short circuit is a 
maximum if the following condition holds: 


Xe < Xit Xi (8) 


The photoelectrochemical collection efficiency, Nns (ref. 3) de- 
scribes the flux of electrons from the cell divided by the incident 
flux of photons. For the conditions given by equation (8) it 1s 
equal to its maximum value of unity for a cell with differential 
electrode kinetics, (cases 2 and 3 of Table 1). All the photons are 
trapped close to the illuminated electrode and turned into current. 
For the concentration cell the maximum value of Nne is 4 (S. W. 
Feldberg, personal communication). Even though the photons 
are trapped close to the illuminated electrode, the fact that the 
Y.Z couple is not electroactive on the dark electrode means that at 
short circuit the concentration of B has to be equal at the two 
electrodes. This in turn means that the photogenerated flux of B 
partitions equally between diffusion away from the illuminated 
electrode and diffusion away from the dark electrode after 
reaction at both electrodes. 

Although the condition given in equation (8) maximises the 
current developed by the cell, the power also depends on the 
voltage at which the current is produced. The maximum power ts 
found for cells in the hatched region of Fig. 2. For concentration 
cells it is essential to have the cell length, Xi, greater than the 
reaction length, ¥,, or else B can diffuse all over the cell producing 
a uniform concentration profile and hence very little power. For 
the cells with differential electrode kinetics, increasing the con- 
centration of Y increases the potential difference developed by the 
cell through the effect of Y on the potential of the Y.Z half cell at 
the dark electrode. But increasing the concentration of Y also 
increases the rate of the back reaction B + Y and hence decreases 





Table 2 Characteristic lengths 





Symbol and 
Namie equation Description 
Cell length Xi Distance between electrodes 
Absorbance X, = (ap) ' Unless solution is bleached, 
length the light is absorbed mainly in 
this distance 
Generating Xa = (D/del,)''? Average distance A diffuses in 
length light of intensity /, before 
being converted into B 
Reaction X,=(Di/ky)'? Average distance B diffuses 
length | before being converted to A 
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0.0 x 1.0 0.0 x 1.0 


Fig.2 Typical concentration profiles across photogalvanic cells. 
The illuminated electrode is on the left and the broken lines show the 
penetration of the light; the abscissa compares Xi, the cell length, 
with X, the absorbance length. The ordinate compares X; with Xy, 
the reaction length, which describes the decomposition of the photo- 
generated intermediate B. The solid lines show the concentration of 
B for the first three cases in Table 1, when the cell is short circuited. In 
all three cases B reacts on the illuminated electrode, On the dark 
electrode B is generated, does not react and is destroyed for cases 1, 2 
and 3 respectively. The cells are most efficient in the hatched region. 


X,. Thus the optimum power point for this type of cell depends on 
the concentration of Y and is found in the hatched area close to 
the line Yy = X,. Detailed investigation of the cases where the 
dye, A, is bleached shows that they produce less power than cases 
in the hatched region of Fig. 2. The voltage developed by such 
cellsis larger but the current is very much less because the photons 
are absorbed too far away from the illuminated electrode for the 
photogenerated B to reach it before decomposing. 

The maximum power Wma produced by the concentration cell! 
can be shown to be 


Winax = 0.28 ARTOI5 (9) 


where A is the area of each electrode. 

This is the maximum possible power that can be obtained after 
optimising the concentrations of the species, the dimensions of the 
cell and the load on the cell. The conditions for this maximum are: 


X: < Xoc X< XxX; (10) 
and 


Xè = X? X: (11) 
The maximum power produced by a cell with differential 
electrode kinetics can be shown to bež: 


eo l RT — ọlẹ 
J = Q8AF AE! + d In —1.6 12 
Waas = O.BAFHI[AE| + {In kZ] H (12) 
+ 
~ 0.8 AF@IpAE (13) 


where JAE | is the difference in standard electrode potentials for 
the A,B and Y.Z couples. 
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The conditions for this maximum are: 


10X, = Xo > Xy < Xı (14) 
If these conditions are fulfilled then equation (13) describes the 
maximum power from cells with differential electrode kinetics 
whether they be case 2 or 3 of Table 1. 


Discussion 

For both types of cell we find the same order for the characteristic 
lengths in equations (10) and (14). The shortest length must be X, 
to absorb all the photons close to the electrode. The inequality 
A, > X, ensures that the B, that is formed within the distance _Y,, 
is not decomposed by reaction with Y before it reaches the 
electrode. The conditions for Xag ensure that the solution does not 
become bleached near the illuminated electrode. The condition 
for Xi, the distance between the electrodes, means that the dark 
electrode does not interfere with the trapping of the photons and 
the reaction of B on the illuminated electrode. 

The maximum power that the concentration cell can deliver is 
given by equation (9). For the maximum power point the current 
is close to its short circuit value; the collection efficiency is 0.3¢, 
and the current density is 0.3 @F7o. But the cell voltage is only 
about (R7/F) volts. Since this is a concentration cell, the potential 
difference arises from the R7/F ìn term in the Nernst equation. 

One cannot draw significant currents from a concentration cell 
and at the same time maintain very different concentrations at the 
two electrodes. 

To calculate power outputs from equations (9) and (13) we 
must select a reasonable value for Jo. In AM2 solar radiation (of 
total irradiance 749 W m~ °), Zo values for photons of wavelengths 
less than 700, 600 and 500 nm are 1.57 x 1077, 9.46 x 1074 and 
4.2 x 1074 mol photons m~? s~! respectively*. We shall take a 
value of 1.6 x 10° * mol photons m~* s5~' asa reasonable estimate 
of the flux density of photochemically active photons in AM2 
sunlight. As relative values of solar spectral irradiance do not vary 
very greatly with atmospheric conditions’, conversion efficiences 
calculated from these figures do not vary by more than a few per 
cent from efficiencies calculated from other solar spectral distri- 
butions; absolute outputs, of course, vary with the incoming total 
irradiance. 

Taking Jo =1.6x 107° 
obtain from equation (9) 


-2 


mol A m`?’ s~! and ġ=1 we 


Wra/A = 1.1Wm-? (15) 


This is the maximum power that can be obtained from a 
photogalvanic concentration cell driven by solar energy. The 
power conversion efficiency is no more than 0.15% and we 
conclude that the concentration cell cannot be an effective device 
for solar energy conversion. 

For a cell with differential electrode kinetics, the maximum 
power is given by equation (13). Not only is the collection 
efficiency much closer to unity but also the cell voltage is now 
given by AE rather than the miserable R7/F of the concentration 
cell. The optimum value for AE is 1.1 V°. With this value and the 
same value of Jy) as above we obtain 


Wmar/ A = 140Wm~? (16) 


This corresponds to a power conversion efficiency of 18°. In 
principle the optimum case for this type of cell is almost as 
efficient as a silicon solar cell. Nearly all the photons that can drive 
the reaction are trapped. While in the ideal case negligible energy 
would be wasted between the absorption of a photon with 
threshold energy and the formation of B, in the case we have taken 
the threshold photon energy is 700 nm or 1.8 eV and the flux of 
electrons is produced at the lesser potential difference of 1.1 V. 
Had we taken threshold photon energies of 600 or 500 nm the 
conversion efficiencies would have been 11° and 5% respectively. 
To achieve this amount of power we have to satisfy equation (14), 


. Substitution in equation (21) gives k < 4x 105 M~! s” 
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however. For typical values of D = 107° cm? s7! and ¢ = 10° 
cm? mol~! we find 

Xo ~ 107+ em (17) 
This means that 

X, ~ 107*cem (18) 
or 

[A] ~ 10-1 M (19) 


Hence the dye, A, has to be rather soluble. Furthermore. the 
electrochemical rate constant k’, for the destruction of B on the 
illuminated electrode must satisfy the condition 


k > D/X, ~ 10 ems”! (20) 


If this condition is not satisfied the electrode will not remove all 
the B that reaches it and some B will be lost by reaction with Y in 
the bulk of the solution. This is a severe condition as most 
electrochemical rate constants are less than 1074 cm s~!. The 
condition in equation (14) with the value for Vg in equation (17) 
means that the kinetics of the reaction of B with Y must satisfy the 
condition, 


k[Y] ~ 4057! (21) 


But the concentration of Y must be at least twice the con- 
centration of B generated in the light. This is to ensure that there is 
no concentration polarisation at the dark electrode. Hence for the 
optimum case.. 


[Y] > 2[B] ~ 107?[A] ~ 1073 M (22) 


' Thus 
from equations (19) to (21) we may summarise the contradictory 
requirements for the optimum case: (1) the species, A, must be 
rather soluble, [A] > 0.1 M: (2) the electron transfer reaction of 
the A,B couple on the illuminated electrode must be very rapid , 
k’ > 10>! cms”! (3) considering the thermodynamic driving 
force corresponding toAE of 1.1 V, the re ee transfer reaction 
of B+ Y must be sluggish: k < 4x 103M~!s~!:(4) the electron 
transfer reaction that forms B and Y from a +Z must be rapid. 
Electron transfer reactions that obey the Marcus theory’ are 
unlikely to satisfy all the conditions 2, 3 and 4 (S. W. Feldberg, 
personal communication). 

The detailed treatment presented elsewhere? allows the op- 
timum conditions and the power that can be produced for any 
particular system to be calculated. For instance, if we relax the 
condition of equation (14), so that X, = Yo = ¥; then we find 
that [A] ~ 107? M; K > 10°27 ems" ':k < 4x 104M! 5 

It may be possible to find a system that satisfies these con- 
ditions. For this case the power is only reduced by a factor of 2 
from the optimum to about 9%, and 


Wrax/A = 70Wm~? (23) 


It is clear that the processes occurring in a photogalvanic cell 
are controlled by the photochemistry, homogeneous kinetics, 
mass transfer and electrochemical kinetics of the system. The 
power developed depends on the concentrations of all the species, 
the intensity of illumination, diffusion lengths at the electrode, the 
electrode kinetics, the spacing of the electrodes and the load on 
the cell. The optimum performance of the cell can only be 
obtained by carefully selecting the best values for all these 
variables. 

We thank Dr Stephen Feldberg for helpful discussions, and Mr 
Stephen Fisher and Mr Andrew Foulds for their criticisms. 
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Ages of late Mesozoic-early Cainozoic igneous rocks in 
south-western North America indicate a magmatic arc 
initiated near the continental margin, swept over 1,000 km 
northeastward, then swept back, all in 110 Myr. The 
sweep in and return are interpreted as due to flattening of a 
Benioff zone to < 15° followed by rapid collapse. 


ah aero me 


THE geometric relationship between trench, dipping Benioff 
zone, and magmatic arc is well established in plate tectonics! ~^. 
In active arc-trench systems, distance from the trench axis to 
the main volcanic front or magmatic arc axis varies from as little 
as 75 km to over 400 km. Much of this variation is due to 
the width of the accretionary prism which seems to control the 
initial angle of descent of subducting slabs'*. Once the slab is 
below a depth of 25-75 km the angle of descent usually steepens, 
but the descent angle of deeper segments of Benioff zones can 
range from 90° to as little as 15° (ref. 7), Surface manifestation 
of arc activity can extend over some width and stands between 
100 km and 300 km above the Benioff zone. Based on this 
geometry, the distance the magmatic are activity can lie inboard 
from the trench is controlled by the dip-angle of the descending 
slab. 

Extrapolation of this model back through Mesozoic time in 
the North American Cordillera*™'® has not been universally 
accepted. Here, igneous activity of arc type reached inboard 
in excess of 1,000 km from assumed marginal trenches and many 
have doubted the existence of resulting low-dipping Benioff 


zone geometry!!~'*. We propose that widespread magmatic 
activity of arc type in southwestern North America during late 
Mesozoic to middle Tertiary time is consistent with Benioff 
zone geometry, and we show evidence that inferred changes in 
angle of Benioff zone dip can be tracked in time. 


Magmatic arc activity 

Figure 1 shows the distribution of all availabie radiometric 
ages on igneous rocks from southern California, Arizona, New 
Mexico and west Texas in southwestern United States with a 
few additional ages from northern Baja California and Sonora 
in Mexico. The ages range from 160 Myr to about 15 Myr. The 
dated rocks have chemical compositions normally considered 
of magmatic arc type and include both volcanic and plutonic 
occurrences. The age dates are mostly by the K/Ar method 
supplemented with a few by Rb/Sr and U/Pb methods. Each 
dated occurrence has been examined for geological setting and 
method used. All available ages were used on Fig. | with the 
following exception: in the case of plutonic rocks from the 
Peninsular batholith in the western part of the region, multiple 
intrusion has caused extensive resetting of K/Ar ages!*, As a 
result, only concordant biotite-hornblende pairs were used. In 
the absence of U/Pb ages concordant hornblende~biotite K/Ar 
pairs have been shown to be more reliable in belts of concen- 
trated prolonged batholith emplacement’. Further east where 
plutonism was more dispersed single mineral dates were used. 
Throughout the region dates on volcanic rocks were considered 
accurate, providing they were geologically consistent and the 
method used indicated reliability. 


Fig. 1 Distribution of radiometric age determinations in southwestern United States and adjacent northwestern Mexico. Published dates 

from refs 14, 18-20, 44, 45., 5. B. Keith and S. J. Reynolds compiled dates, lists and maps which are available from P. Damon, University 

of Arizona. Unpublished ages taken from refs 23, 44, and P, Damon, R. Nielson and W. Rehrig personal communication. T, Tucson; 

S, Santa Rita; SAF, San Andreas Fault; CA, California; AZ, Arizona; NM, New Mexico; BC, Baja California; GC, Gulf of California; 
SN, Sonora; CH, Chihuahua; TX, Texas. 
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Fig. 2 a, Distribution of radiometric ages from Fig. 1 plotted as a function of time. Dates projected into a line passing through Tucson, 

Arizona, and Santa Rita, New Mexico after closure of Gulf of California. ©, single mineral K/Ar ages on plutons in southeastern California. 

b, Hypothetical arc-trench system scaled to southwestern North America. Various dip-angles of Benioff zones shown with points of 

intersection with 150 km depth line. c, Graphical representation of function controlling distance from trench to magmatic arc with varying 
Benioff zone dip angles. 


Figure 2a shows the distribution of radiometric ages plotted 
as a function of time. To construct this figure, the Gulf of 
California was first closed, bringing dates south-west of the 
San Andreas Fault about 300 km southeastward relative to 
dates north-east of the fault. This reconstruction restores the 
age distribution to a pattern more like the original distribution 
before post-14 Myr opening of the Gulf of California and 
displacement on the San Andreas Fault. A line was then drawn 
from the western edge of the continent through Tucson, 
Arizona and Santa Rita, New Mexico, approximately perpen- 
dicular to the restored continental margin and the assumed late 
Mesozoic—mid-Tertiary trench. All the ages on Fig. 1 were then 
projected on to this line to produce Fig. 2a. 

The scattering of ages at the top of Fig. 2a is the youngest 
part of a group of ages which represent a north-west-south-east 
trending magmatic arc across southern Arizona during Jurassic 
time™. This arc was extinguished in latest Jurassic time. Arc 
activity then seems to have jumped south-west towards the 
supposed site of the trench in early Cretaceous time. This jump 
established an arc near the continental margin and produced 
the Peninsular batholith of southern California—northern Baja 
California’ 7, | 

Ages on the Peninsular batholith form a cluster at the far 
western edge of Fig. 2a ranging from 125 Myr to about 85 Myr. 
The dates shown are mostly K/Ar concordant biotite~horn- 
blende pairs'*~*°, and they define an array which is oldest in 
the west and younger to the east across the batholith. Silver et 
al." report a similar, but slightly older, trend in U/Pb ages. It 
can be seen from Fig. 2a that the magmatic pulse, apparently 
of just over 20 Myr duration, continues its sweep eastward, 
progressively decreasing in age. It eventually crosses the entire 
southwestern Cordillera, reaching central New Mexico 1,000 


km inboard from the assumed trench about 40 to 55 Myr ago. 
Anderson and Silver?! report a similar, but presumably slightly 
older, trend in U/Pb ages from Baja California across Sonora. 

At its most easterly limit near 40 to 55 Myr, the magmatic 
pulse is scattered and somewhat diffuse. [t then starts a rapid 
return migration, sweeping back across the same terrain over 
which it had earlier advanced, reaching southern.California 15 
to 20 Myr ago. Thus, in a period of just over 100 Myr, arc 
magmatism swept continuously inboard 1,000 km, then swept 
back to where it had originated. The dashed lines on Fig. 2a are 
a gross envelope superimposed on the data bracketing the 
magmatic arc distribution. Since most of the plutonic ages 
plotted are by the K/Ar method, they are believed to represent 
times when the igneous rocks passed through cooling tempera- 
tures somewhat less than ‘emplacement’ temperatures. We note, 
however, that the few published U/Pb ages fall within the 
envelope, and we assume that the average emplacement age 
for the magmatic arc at any given time probably falls somewhere 
within the envelope as well. At about 15 Myr, the character of 
igneous activity of the entire region analysed abruptly changed. 
The chemistry became distinctly bi-modal, with much basalt, 
and was associated with Basin and Range rifting??:*, initiation 
of movement on the San Andreas Fault, and eventual opening 
of the Gulf of California. 


Analysis and interpretation 


Figure 2b shows a hypothetical arc-trench system scaled to a 
geometry likely to have existed in southwestern North America 
during mid-Cretaceous to mid-Tertiary time, with various 
Benioff zone dip-angles ranging from 80° to 10°. Also shown are 
distances inboard from the trench where the Benioff zone 
intersects the 150 km depth line. This depth is presumed to lie 
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below the locus of magmatic are activity at the surface*, The 
function controlling the position of the magmatic arc axis with 


9 is the dip. In other words, with decreasing dip the distance 
from the trench to the arc increases ever more rapidly Fig. 2c. 

We suggest that the pattern of ages on Fig. 2a reflects the 
progressive flattening of a Benioff zone beneath southwestern 
North America from about 130-110 Myr to about 55-40 Myr, 
followed by a rapid steepening of dip from 40 Myr to about 15 
Myr. This decreasing then increasing Benioff zone dip first 
swept a magmatic arc 1,000 km inboard from the trench until 
55-40 Myr, then swept it back towards the continental margin 
by about 20 Myr. 

Figure 3 is derived from Fig. 2a and shows the change in 
Benioff zone dip as a function of time beneath southwestern 
North America based on a best-fit curve through the centre of 
the envelope enclosing the age dates. Figure 4, also derived 
from Fig. 2a, is the value of the first derivative of the age 
distribution function and shows the velocity of the magmatic 
arc locus with respect to the trench as it swept inboard then 
back between 130 and 15 Myr. This velocity apparently attained 
almost 3 cm yr ~! on the sweep in, collapsed to zero at the bend 
near 45 Myr, then increased to over 4cm yr~? on the return. 
The duration of arc activity at any given place averages over 
20 Myr during the sweep eastward and is somewhat less on the 
sweep back. The width of are activity at any given time is 
initially narrow at steep angles of dip (about 100 km), but 
very wide (over 600 km) at low angles of dip or during periods 
of rapid migration, 


Discussion 

If our interpretation that shifting magmatic are patterns in 
southwestern North America are due to changes in dip of 
Cordilleran Benioff zones is correct, some explanation must 
be sought for the changing dips. Luyendyk?’ suggested that 
rates of convergence at subduction zones influenced Benioff 
zone dip with his formula: dip = are sin V,/V,, where V, 
is the natural rate a slab sinks due to gravity, and Va is the 
rate of convergence. Thus, the higher the rate of convergence 
the lower the angle of dip. It has also been suggested that 
an actively driving continental plate, with a subduction zone 
dipping beneath the leading edge, pushes the subduction zone 
ahead, over-riding and entraining the Benioff zone below and 
decreasing the dip. Other factors, such as age (temperature) 
and emboliment of aseismic ridges, might reduce slab density 
and influence Benioff zone dip™. Rates of convergence between 
an actively driving North America plate and Farallon plate 
may have increased during late Cretaceous~early Tertiary 
time, flattening the Benioff zone beneath western North 
America. Some time between 40-55 Myr the rate slowed, 
causing increase in Benioff zone dip and the resulting return 
sweep between 40 and 20 Myr. 

Plate reconstructions based on assumed movement of Pacific 
and African plates over hotspots in the mantle since 135 Myr, 
although still suspect, yield vector subtration derived con- 
vergent rates between North America and Farallon plates?™?®. 
From 80 Myr to about 45 Myr the computed rates of conver- 
gence reach values in excess of 12cm yr. The age of the 
bend in the Hawati-Emperor seamount chain is placed at 
about 45 Myr (refs 29, 30) and is assumed to mark a change in 
direction of Pacific plate motion from northward to more 
north westward. After the change in direction, convergent 
rates between the two plates fall to less than 8 cm yr™, We 
note that the age of the Hawaii~-Emperor bend is the same as 
the age of the bend in Fig. 2a, and that high derived con- 
vergent rates correlate with the sweep inboard during Laramide 
time while the lower rates of post-45 Myr time correlate 
with the sweep back during mid-Tertiary time. Using Luyen- 
dyk’s formula and a rate of convergence of 12 to 14 cm yr}, 
the Benioff zone dip attains 20°. Slower rates of convergence 
between 6 and 8 cm yr™ yield dips from 40° to 60°. The high 
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‘ig. 3 Benioff zone dip angle as a function of time beneath 

southwestern North America. Graph derived from best-fit 

curve through data of Fig. 2a. A 15% post-15 Myr extension 

due to Basin and Range faulting has been removed from Fig. 
2 to construct Fig. 3. 


rates of convergence, coupled with a low-dipping Benioff 
zone during Laramide orogeny are thought to explain extensive 
deepseated compressive thrusting which extended as far in- 
board from the trench as did the arc magmatism?***?, 

The sweep in from 130 Myr to about 45 Myr includes two 
classic orogenic episodes in Cordilleran tectonics: the Sevier 
orogeny during mid-Cretaceous to about 80 Myr and the 
Laramide orogeny from 80 Myr to about 45 Myr (refs 9, 32, 33). 
The return sweep between 40 Myr and about 15 Myr includes 
what has been termed the mid-Tertiary orogeny***, or the 
ignimbrite flare-up’**. In terms of magmatic arc activity, 
these ‘orogenies’ are here seen as a continuum broken only 
by the turn-around near 45 Myr which ended Laramide events 
and initiated the mid-Tertiary ignimbrite flare-up in southern 
Arizona. We note the latter part of the sweep inboard (Lara- 
mide time) produced a major percentage of North American 
copper porphyry deposits in southern Arizona, New Mexico, 
and Sonora. The return sweep across the same region produced 
essentially none. 

We have preliminary evidence that the shifting magmatic arc 
patterns described for the southwestern Cordillera are related 
to similar patterns further north. Arc activity in the Sierra 
Nevada and Idaho batholiths began to disappear soon after 
80 Myr (refs 19, 35). Just afterward a very sparse magmatic 
pulse swept eastward and rapidly died, producing the well 


Fig. 4 Velocity of magmatic arc axis as a function of time. Graph 

derived from best-fit curve through data of Fig, 2a. A 15% 

post-15 Myr extension due to Basin and Range faulting has 
been removed from Fig. 2 to construct Fig. 4. 
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known Laramide ‘igneous gap’ between about 70 Myr and 
55 Myr throughout the north-west and west-central United 
States**!°, At about 55 Myr the north-west erupted violently 
with wide-spread Challis-Absaroka volcanism and shallow 
plutonism®*. This pattern then swept out of Washington, 
Idaho, Montana, and Wyoming, and moved progressively 
southwestward across western Utah and Nevada as the 
ignimbrite flare-up of the Great Basin between 40 and 20 Myr 
(refs 37-39). We interpret the sweep in and rapid extinguishing 
of arc activity as the result of the same flattening of a Benioff 
zone we describe to the south, the only difference being that 
in the north the dip became so shallow arc activity was im- 
possible. The igneous gap extending from southern Ecuador 
to southern Peru, accompanied by an essentially horizontal 
Benioff zone*, is the present-day analogue. The Challis- 
Absaroka flare-up and subsequent return sweep of arc activity 
southwestward across the Great Basin would be the same 
return sweep we describe to the south and due to the same 
cause—a rapid increase in dip. Seen this way, the mid-Tertiary 
outburst of ignimbrites in the central and southern Cordillera 
becomes more comprehensible. Lipman er al.’ called the 
outburst a magmatic arc related to subduction. We agree 
with this interpretation, and add that with the better resolution 
of time-space plots based on extensive radiometric dating the 
volcanism can be further seen as the rapid retrograde sweep 
of a magmatic arc toward the trench resulting from gravita- 
tional collapse and steepening of a Tertiary Benioff zone. 
Calling on complex back-arc diapirs*! to explain mid-Tertiary 
volcanism in the Great Basin now seems unnecessary. 

The data presented here suggest arc activity in southwestern 
North America was essentially continuous between 130 Myr 
and about 15 Myr. If a Kula-Faralion triple junction migrated 
up the North America plate margin during late Cretaceous— 
early Tertiary time, as suggested from some reconstructions*2, 
we do not see evidence of its passage. The data seem more 
consistent with, but do not prove, continuous subduction of 
the Farallon plate during this time. Progressive destruction of 
the Pacific-Farallon spreading centre and Mendocino fracture 
zone along the North America plate margin during late Tertiary 
timet? has bearing on interpretation of the youngest ages in 
the data array. Most reconstructions place this event between 
30 Myr and 20 Myr, with initial contact somewhere along the 
coast of northernmost Baja California’. It is not certain to 
what degree the last part (25 Myr to 15 Myr) of the post-40 
Myr collapse and rapid steepening of the Benioff zone was 
due to cessation of subduction caused by the change in plate 
geometry. Regardless, an arc activity delay-time of 5-10 Myr 
after slab truncation is predictable®. 

The rapid retrograde migration of arc activity toward the 
trench after 40 Myr does not require excessive sinking rates 
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of the subducting slab. For example, between 40 Myr and 
20 Myr the increase in dip-angle was about 20° (Fig. 3). This 
implies an approximate average vertical descent rate of about 
l cm yr. From 20 myr to 15 Myr the increase in dip-angle 
was about 40° which yields an average sinking rate of about 
5cm yr™. This 5 cm yr~ is the velocity Luyendyk% gives the 
natural vertical sinking rate (V=) of a slab due to gravity. This 
Suggests the slab may actually have been detached and freely 
sinking after + 25 Myr due to destruction of the East Pacific 
spreading centre and initiation of the San Andreas transform??. 
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Control of protein synthesis is associated with changes 
in the ratio of intracellular Nat to K* in the cultured 
embryonic chick lens. Correlations of intracellular 
Na’ /K* ratios with crystallin synthesis and cataract 
formation in vitro suggest that the Na*/K* ratio may 
have an important role in the regulation of protein 
synthesis during cataractogenesis. 





CATARACTS, or lens opacities, represent a primary cause of 
seriously impared vision and even blindness. At present, a 
cataract that has progressed beyond the initial stages cannot 
be reversed, forcing the patient to have the affected lens 
removed in order to restore clear vision. Cataracts are 
initiated by or associated with a variety of factors, including 
physical trauma, ageing, metabolic stress, hereditary defects, 
disease, ionising radiation and microwaves’. Although the 
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mechanism of cataractogenesis has not been definitively 
established for any one type of lens opacity, considerable 
evidence indicates that osmotic imbalance? and protein 
aggregation’ * may play prominent parts. 

We have reported’ that cortical cataracts are formed 
within 3h after explantation of the embryonic chick lens 
into a defined culture medium (Ham’s F-10’) (see Fig. 1). 
This experimental cataract seems to be caused by the 
trauma of detaching the vitreous body, a gelatinous con- 
nective tissue matrix. The initiation of this experimental 
cataract is associated with a specific alteration in the 
synthesis of d-crystallin, the principal protein of the embry- 
onic chick lens". 8-Crystallin represents 60-80 % of the 
protein present in these lenses™" and can be resolved into 
two bands with molecular weight near 50,000 and 48,000 
by electrophoresis in a sodium dodecylsulphate—urea- 
polyacrylamide gel". Clear lenses synthesise the proteins 
in these two bands in a ratio of approximately 1:3 in favour 
of the lower molecular weight band. In vitreous-free lenses 
developing cortical opacities the ratio of synthesis of pro- 
teins in these two bands is reversed to approximately 3:1 in 
favour of the higher molecular weight band. This alteration 
in protein synthesis is associated only with the initiation of 
the cataract, since these 6-crystallin polypeptides are syn- 
thesised in the normal ratio after the lens has remained in 
culture for 24h, despite persistence of the cortical opacity’. 

Here we explore the possibility that the alteration of ô- 
crystallin synthesis in the cultured lens is due to an increase 
in the intracellular concentration of Na* and a decrease in 
the intracellular concentration of K*, since several reports 
have shown that cataracts are associated with Na* influx 
and K* efflux", In addition, one investigation has shown 
that stripping the vitreous body from a cultured rabbit lens 
accelerates cataract formation™ and causes an increase in 
Na* and a decrease in K* concentration within the lens”. 
Moreover, experiments with bacterial and mammalian” 
cells have indicated the importance of K* for the intra- 
cellular control of protein synthesis, and investigations of 
cell-free translation” have provided evidence that Na* and 
K* ions can discriminate between different mRNAs to 
allow preferential translation at different ionic strengths. 
Our data indicate the changes in the intracellular concentra- 
tions of Na* and K* cause the alteration of -crystallin 
synthesis in the embryonic chick lens cultured without its 
vitreous body. This raises the possibility that the intra- 
cellular levels of these ions also contribute to the control 
of differential protein synthesis in other eukaryotic cells; 
this in turn may influence cellular growth. differentiation 
and pathogenesis. 


Na* and K` in cultured lenses with and without 
vitreous body 

Na* and K* concentrations were determined in the embry- 
onic chick lens immediately after explantation, after 3h 
of culture with its vitreous body attached, and after 3 or 
24h of culture with its vitreous body detached (Table 1). 
At the time of explantation, the concentrations of these 
ions were similar to those found for lenses of other species”, 
with Na* being considerably lower than K*. The Na* and 
K* concentrations remained the same after the lenses were 
cultured for 3 h with their vitreous bodies: these lenses with 
attached vitreous body have been shown to be transparent 
and synthesise the proteins comprising the two bands of ô- 
crystallin in the normal ratio of 1:3 in favour of the lower 
molecular weight band’. By contrast, after removal of the 
vitreous body, the Na* concentration increased approxi- 
mately sixfold and the K* concentration decreased approxi- 
mately 2.5-fold within 3h: these vitreous-free lenses have 
been shown to possess cortical cataracts and synthesise the 
proteins of the two 6-crystallin bands in a ratio of approxi- 
mately 3: 1 in favour of the higher molecular weight band’. 
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Fig. 1 Diagrammatic representation of a cross section of a 15-d- 
old embryonic chick lens, The nuclei in the centre of the fibre 
mass (nuclear fibre cells) are starting to become pycnotic and 
will eventually disintegrate. The stippled zone represents the area 
which becomes opaque when the lens is cultured after its vitreous 
body has been removed from the posterior surface. The vitreous 
body (not shown) occupies a major part of the eye and consists 
of an avascular, viscous connective tissue matrix containing 
fibroblasts, collagenous material and other proteins, mucopoly- 
saccharides and organic substances. 


After 24h in vitro without the vitreous body, the Nat 
concentration had returned to nearly its initial value at 
explantation; the vitreous-free lens after 24h in vitro has 
been shown to still have the cortical cataract, but to return 
to a relatively normal pattern of -crystallin synthesis". Since 
the intracellular K*/Na* ratio and pattern of é-crystallin 
synthesis are markedly different in the lenses cultured with 
or without the vitreous body, we were encouraged to pursue 
the relationship between the intracellular concentrations of 
Na* and K* and the ratio of synthesis of the -crystallin 
polypeptides. 


Effect of ouabain on protein synthesis in 
cultured lenses 


In order to alter the intralenticular concentrations of Na‘ 
and K* without removing the vitreous body, explanted 
lens-vitreous preparations were treated with ouabain, and 
inhibitor of Na*,K* ATPase activity’. This enzyme is 
responsible for the permeability of Nat and K+ in eukary- 
otic cells. Inhibition of its activity with ouabain is known 
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Table 1 K* and Na* concentrations in embryonic chick lenses 








mEq per kg H,O 


Kt Nat K+/Na* 
Immediately after explantation 112-44-11 1743 6.6 
Cultured 3 h, + vitreous body 110-7 1646 © 6.9 
Cultured 3 h, — vitreous body 40 4-3 84 1-9 0.5 
Cultured 24 h,~ vitreous body 474-8 29-+18 1.6 
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Four to eight lenses from 15-d-old chick embryos with or without 
their vitreous body were cultured in plastic tissue culture dishes 
(Falcon, 60» 15mm) containing 10m! of Ham's F-10 medium 
supplemented with fructose (848 mg per 100 mi); all assays were 
performed on lenses stripped of their vitreous body. Each determina- 
tion represents an average of five to eight experiments. The lenses 
were washed quickly in groups of four with deionised water, placed 
in pyrex test tubes (previously soaked overnight in concentrated nitric 
acid to remove adhering Na‘), dried at 75 °C for 24 h, dissolved in 
100 ul of concentrated nitric acid for several hours at room tempera- 
ture and diluted with 40 ml of deionised water. K* was detesmined 
by fame photometry and Na* by atomic absorption spectometry 
(Perkin-Elmer model 603). The average water content of the embryonic 
lenses was 85° of their total weight. Corrections were made for ions 
in the extracellular space of the lens, which was determined by 
experiments with *H-inulin. 
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Fig. 2 Effect of ouabain on the concentrations of Na* and K* in 

cultured embryonic chick lenses. Each point on the graph 

represents an average of three experiments; the vertical lines 

indicate the range of values obtained in the three tests. The lenses 

were cultured with their vitreous body and analysed for Na* 
and K* as given in Table I. 


to increase the Na* and decrease the K* concentration in 
cultured lenses of other species*”*'. Ouabain caused a 
reciprocal change in the relative concentrations of the ions 
of the order of tenfold for each ion in the cultured lenses 
(Fig. 2). The ouabain-treated embryonic  lens-vitreous 
preparations developed a diffuse opacity covering the entire 
epithelium and the most anterior aspect of the fibre mass. 
The bulk of the fibres remained clear, however, even after 
24h in vitro, and did not develop cortical cataracts unless 
the vitreous body was detached. 

Incorporation of “S-methionine into protein was severely 
affected by ouabain treatment. Lenses labelled for 3 h with 
*S-methionine incorporated about 90% less isotope into 
their total protein after 24 h of preincubation with 1 x 10° M 
ouabain than after a comparable preincubation in the 
absence of the drug. The pattern of incorporation into 
-crystallin was strikingly altered in lenses treated with 
ouabain. Incorporation of “S-methionine into the protein 
of the lower molecular weight 5-crystallin band was inhibited 
by at least 95% after 8h of culture with ouabain, while 
incorporation of the *“S-methionine into the protein of the 
higher molecular band was only inhibited 50-60% (Fig. 3). 
This greater inhibition of methionine incorporation into the 
protein of the lower molecular weight band of 6-crystallin 
persisted as long as ouabain was present in the culture 
medium. The staining patterns of the polyacrylamide gels, 
reflecting the absolute amount of protein present in each 
band, were similar in the preparations from lenses cultured 
with Or without ouabain. The difference in “S-methionine 
incorporation into the proteins of the two 6-crystallin bands 
was apparently not due to differential degradation of the 
newly synthesised polypeptides, since the protein in neither 
band was degraded in lenses labelled with *S-methionine 
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for 3 h in the absence of ouabain and subsequently incubated 
for 24h in the presence of ouabain and the absence of 
protein synthesis (inhibited by 10 zg ml” cycloheximide). 
Since the rate of the total uptake of “S-methionine into the 
lens did not decrease over the 24h of culture (data not 
shown), the differential decrease of ““S-methionine incor- 
poration into protein seems to be due to differential inhi- 
bition of synthesis of the -crystallin polypeptides. 

It is important to note that the change in the ratio of 
synthesis of the -crystallin polypeptides occurred in the 
epithelium and the fibre mass of the ouabain-treated lens, 
but was confined to the fibre mass in the vitreous-free lens. 
We believe that this difference in the localisation of the 
alteration of 6-crystallin synthesis is due to a corresponding 
difference in the localisation of the changes in the levels of 
Na* and K*. The Na*,K* ATPase activity of the lens is 
located principally ">, although apparently not exclus- 
ively****, in the epithelium. The ionic balance of the lens is 
thus thought to be governed by a pump—leak system”. Na* 
diffuses into the lens through the fibre mass at the posterior 
surface and is transported out of the lens through the 
epithelium at the anterior surface; by contrast, K* is trans- 
ported into the lens through the epithelium and diffuses out 
of the lens through the fibre mass. Thus, detaching the 
vitreous body from the posterior surface may increase Na* 
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Fig. 3 Effect of I x 10°? M ouabain on the relative incorporation 
of *S-methionine into the proteins of the higher and lower 
molecular weight bands of 6-crystallin. The lenses were cultured 
with their vitreous body as for Table 1. Each point on the graph 
represents an average of three experiments; the vertical lines 
indicate the range of values obtained in the three tests. Lenses 
were labelled individually for 3 h in | m! of medium containing 
250 pCi of *S-methionine (New England Nuclear, 450 Ci 
mmol!~). One to 2 ug of total homogenate protein was examined 
by electrophoresis in a discontinuous, 10%, polyacrylamide gel 
containing 0.1% sodium dodecylsulphate and 8 M urea as 
described elsewhere’. The stained -crystallin bands were cut 
from the gel, dissolved in 100 ul of hydrogen peroxide and 
assayed for radioactivity by scintillation counting. The % 
inhibition of incorporation by ouabain into the protein of each 
band was calculated by dividing the amount of radioactivity in 
that band at each time point by the amount of radioactivity in 
the same band from lenses labelled for 3h without ouabain 
immediately after explantation. @, Higher molecular weight 
band; ©, lower molecular weight band. 
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diffusion into the lens without significantly changing the 
concentrations of Na* and K* in the epithelium. Ouabain 
treatment, however, should increase the Na* concentration 
and decrease the K* concentration in both the fibre mass 
and the epithelium by inhibiting the Na*,K* ATPase activity 
of the lens. 

In addition to the alteration of 65-crystallin synthesis, 
ouabain treatment also caused the differential inhibition of 
synthesis of other proteins in the cultured lenses. This was 
best observed when examining the isolated epithelium where 
6-crystallin represents a much smaller proportion of the 
total protein than in the fibre mass. The autoradiograms 
shown in Fig. 4 demonstrate the marked inhibition of syn- 
thesis of a B-crystallin component as well as that of the 
protein in the lower molecular weight -crystallin band in 
lenses treated with ouabain. The synthesis of this B-crys- 
tallin polypeptide is also inhibited in lenses developing 
cortical cataracts in culture after their vitreous body has 
been removed. Inspection of the autoradiograms of Fig. 4 
reveals a number of other differences in the relative amount 
of “S-methionine incorporated into different bands of 
protein. Since equal amounts of radioactivity were applied 
to the gels, the synthesis of some bands of protein seems 
to be selectively stimulated by ouabain, but these actually 
represent proteins whose synthesis is not appreciably inhi- 
bited by the agent. 


Regulation of protein synthesis by Na* and Kt 


To test the effect of Na* and K* on protein synthesis we 
examined cultured lenses with different intracellular con- 
centrations of these ions. This was made possible by 
varying the amounts of Na* and K* in the culture medium 
of the lenses, which were permeable to these cations after 
treatment with ouabain. Determination of the intralenticular 
Na’ and K* concentrations confirmed that the ouabain- 
treated lens was permeable to Na* and K*, and that these 
ions were at a similar concentration within the lens and 
in the medium. Tests with *H-inulin, a compound which 
does not penetrate into cells, established that the ions were 
principally in the lens cells rather than in the extracellular 
space. 

The incorporation of “S-methionine into protein was 
sensitive to changes in the total intracellular concentration 
of Na* and K*. “S-methionine incorporation was severely 
inhibited at combined Na* and K* concentrations above 
200 mM or below 10 mM. K* concentrations above 96 mM 
almost completely inhibited “’S-methionine incorporation 
into protein. These inhibitions of **S-methionine incorpora- 
tion into protein at different ionic strengths were apparently 
due to decreases in protein synthesis rather than 7S- 
methionine uptake since the total accumulation of radio- 
activity was not appreciably different in lenses cultured in 
the presence of ouabain in medium containing different 
concentrations of Na* and K+. 

The most striking result of these tests was the sensitivity 
of the ratio of synthesis of the 5-crystallin polypeptides to 
the variations in the concentrations of Na* and K*. The 
differential inhibition of synthesis of the protein in the 
lower molecular weight band of 6-crystallin induced by 
Ouabain (Fig. 56) was partially overcome by increasing 
the concentration of K* (Fig. Sc, d). Lowering the Nat 
concentration also increased the relative amount of 
"S-methionine incorporated into the protein in the lower 
molecular weight band of 6-crystallin (Fig. Se, f). The dif- 
ferential synthesis of the ö-crystallin polypeptides does not 
seem to be simply a function of the total intracellular 
concentration of Na* plus K* because the protein in the 
lower molecular weight band was not synthesised at 
154 mEq per kg of water of Na* plus K* (Fig. 56) but was 
synthesised at higher (Fig. Sc—e) and lower (Fig. 5f, g) con- 
centrations of intracellular Na* plus K*. Furthermore. the 
combined concentration of Na* plus K* in lenses cultured 








Fig. 4 Autoradiograms demonstrating the effect of ouabain on 
protein synthesis in the epithelium of the embryonic chick lens. 
Lenses were cultured in the absence (a) or presence (b) of 
| x 10~* M ouabain for 24 h and then labelled with *S-methion- 
ine for 3 h as given in Fig. 3. The epithelium was separated from 
the fibre mass and the proteins subjected to discontinuous 
polyacrylamide gel electrophoresis in the presence of sodium 
dodecylsulphate and urea", The gels were stained and auto- 
radiographed. The arrows on the right denote the almost 
complete inhibition of “S-methionine incorporation into the 
proteins in the lower molecular weight -crystallin band and into 
one f-crystallin band by ouabain. The staining patterns of the 
two samples were the same and were similar to the auto- 
radiographic pattern of (a). 


for 3h with or without the vitreous body was the same, 
but the ratio of synthesis of the -crystallin polypeptides has 
been shown to be different in the two cases and varies with 
the ratio of the concentration of these ions (see Table 1). 
These results were not due to a differential processing of 
the higher molecular weight -crystallin protein to a lower 
molecular weight form at different concentrations of Na* 
and K’, because there was no transfer of radioactivity from 
the higher to the lower molecular weight’ band in prepara- 
tions from lenses labelled for 3 h in the presence of ouabain 
in the ionic conditions described in Fig. 5b and subsequently 
incubated for 2d with ouabain in the absence of protein 
synthesis (inhibited by 10g ml"' cycloheximide) in the 
ionic conditions given in Fig. 5f. The differential inhibition 
of synthesis of the non-d-crystallin proteins was also elimin- 
ated by adjusting the concentration of Na* and K* in the 
lenses treated with ouabain (data not shown). Thus, intra- 
cellular K*/Na* ratios greater than 1 generally allowed 
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Fig. 5 Scans of autoradiograms demonstrating the effects of Na* 
and K* on the synthesis of the higher and lower molecular weight 
polypeptides of B-crystallin. Embryonic chick lenses were 
cultured for 24h in the absence (a) or presence (b-g) of 
1x 10~* M ouabain and labelled with S-methionine for 3 h as 
in Fig. 3, except that the Nat and K* concentrations in the 
medium were varied. Approximately equal amounts of 
-crystallin (1-2 pg) were examined by electrophoresis and 
autoradiography, and the 6-crystallin bands were scanned with 
a Quick Scan Jr densitometer (Helena Laboratories). The Na* 
and K* values were (in mEq per kg HO): a, K*, 106; Nat, 17: 
b, K+, 3; Nat, 151: e, K+, 24; Nat, 151: d, K+, 72: Nat, 151: 
e, K*, 65; Na*, 123: f, Kt, 65; Nat, 51: g, K+, 65; Nat, 3. 
These values represent intracellular levels of these ions which, 
except for (a), were similar to the concentrations in the medium, 
since ouabain made the lens permeable to Nat and Kt. The 
concentrations of Nat and K* in Ham’s F-10 medium (a) are 
151 mEq per kg water and 3 mEq per kg water, respectively. 
Deficiencies in Na* were compensated by adding choline 
chloride to the medium (e-g). 


the normal ratio of synthesis of the proteins in the two 
-crystallin bands, while K*/Na* ratios less than 1 favoured 
the synthesis of the protein in the higher molecular weight 
band of -crystallin (see Table 1 also). The only deviation 
from this behaviour that we have observed is presented in 
Fig. 5g, where an extremely low Na* concentration permit- 
ted more synthesis of the protein in the lower molecular 
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weight -crystallin band than would have occurred at a 
slightly higher concentration of Na‘. The alteration of ò- 
crystallin synthesis, then, is not entirely a simple function 
of the intracellular Na*/K?* ratio. 


Discussion 


These present data have implications with respect to the 
biology and pathology of the lens and the control of 
protein synthesis in general at the cellular and molecular 
levels. Experiments with cultured rabbit lenses showed that 
a disturbance of the normal lens—vitreous relationship 
alters the normal intralenticular Nat and K* concentra- 
tions”. Our experiments extend this observation to the 
embryonic chick lens and in addition demonstrate that the 
altered intracellular Na* and K* levels are correlated with 
differential changes in protein synthesis. It is Important to 
note, however, that we do not know if the differential 
inhibition of protein synthesis is controlled directly or 
indirectly by the intracellular levels of Nat and K*. The 
Na* and K* concentrations of the lens are known to change 
during cataractogenesis in other species” so it is possible 
that there are associated disturbances in protein synthesis 
which, except for the cultured chick lens‘, have not yet 
been observed. It is not known whether such putative 
changes in protein synthesis might have a causal role in 
the cataractogenic process in some cases. The cortical 
cataract formed in the embryonic chick lens cultured with- 
out its vitreous body is not due to the alteration in 65- 
crystallin synthesis because the same disturbance in syn- 
thesis takes place in lenses treated with ouabain but the 
cortical fibres remain clear. The lens epithelia. however, 
become cloudy in the ouabain-treated lenses. 

Deviations from the normal pattern of polypeptide 
synthesis, such as demonstrated here, may have conse- 
quences extending to higher levels of protein structure. Lens 
crystallins may be particularly susceptible to changes in 
their native structure since they are aggregates of poly- 
peptides’. The alteration in synthesis of the ratio of the 
5-crystallin polypeptides does indeed result in new forms 
of the native protein, which is composed of four subunits”. 
These new species of 5-crystallin, to be reported elsewhere, 
are still tetramers but consist of different combinations of 
-crystallin subunits. Clearly alterations in the structure of 
native proteins may also affect their function. 

Our earlier experiments involving cell-free translation of 
purified -crystallin mRNA suggest that the control of 
-crystallin synthesis by Na* and K* is mediated at the 
translational level’*. Nonetheless, we have not excluded the 
possibility that one of the 6-crystallin bands is post- 
translationally derived from the other. This would he 
consistent with the observation that the two bands have 
similar (although not necessarily identical) tryptic 
peptides’. A post-translational modification of either band 
into the other would have to be associated with translation. 
since the bands do not interconvert after they have been 
synthesised". Differential translation has been reported for 
immunoglobulin mRNAs”, HeLa cell mRNAs” and viral 
mRNAs“ in cells under suboptimal conditions for protein 
synthesis. Evaluation of the literature of many different 
systems’’“*"* indicates that translational control of protein 
synthesis generally occurs at the level of chain initiation. 
Thus, if the present control of -crystallin synthesis by Na* 
and K* functions at the translational level, it is likely that 
this involves regulation of initiation. This would represent 
a very interesting example of translational control of pro- 
tein synthesis in view of the apparent homogeneity of 3- 
crystallin mRNA”. 

It has been pointed out previously that the intracellular 
concentrations of Na* and “K* may affect the absolute 
amount of macromolecular synthesis, and thus perhaps 
growth, in eukaryotic cells“. In view of the present data, 
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one may further speculate that the control of specific 
protein synthesis during differentiation may be affected by 
differences in the intracellular levels of Na* and K*. For 
example, the relative proportions of crystallins synthesised 
change during differentiation of the lens and differ in 
different compartments of the lens''’°'*' Possibly 
gradients of ions within the lens play a part in this regula- 
tion of crystallin synthesis. 
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Quasar-—galaxy pairs 
and surface density of quasars 


DISCOVERIES of radio-quiet quasars in the vicinity of galaxies'”?, 


sometimes with possible signs of interactions seem to contradict 
strongly the statistical analyses” ” on quasar~galaxy associations, 
which do not support the previous study'® involving 3C quasars 
and bright galaxies. In each of these analyses® +°, the calculations 
used the surface densities of galaxies, because the surface density 
of quasars is poorly known, but it has been claimed’! that the 
small angular separations are explicable by chance only if the 
surface density of quasars is much larger than believed. To test 
such an assumption we studied the problem by estimating directly 
the probabilities involved when adopting the most probable 
values of the density of quasars? >+? at B ~ 19.0—19,5, that is, 
p ~ 3-5 (deg)~?. 

The formula /\(r) = 2xur exp (— nur?) gives the distribution of 
the angular separations (r) between any galaxy and its nearest 
quasar, The characteristics of this distribution for different values 
of u are shown in Table | with the lower limit of the bilateral 95°, 
confidence level range (column 4). The curves are shown in Fig. | 
with the lower limit taken from column 4 of table 1. For y ~ 
3-5 (deg)~*, the curves suggest that quasars 3 arc min or more 
from a galaxy should not be called ° quasars near galaxies’ as they 
occur by chance with more than 2.5% probability. Table 2 lists 
every radio-quiet quasar within 3 arc min of a galaxy (Arp, ref. 11) 
(MKn205 is excluded as a compact galaxy'*). If we assume that 
Arp’s search technique’! yields quasars of the same nature as the 
other quasars (there is no evidence to the contrary'*), for u = 3, 
nine such pairs would have been found if a search had been made 
using N = 386 randomly selected quasars (P = 2.33%) and for 
H= 5, N = 237 (P = 3.80%). There is then no strong discrep- 
ancy with the presently known 140 radio-quiet quasars in the last 





Reference Catalogue of Quasars'®, since only two of these nine 
were not specifically searched for in the vicinity of galaxies. 
Moreover, 2 is less than the 3.3 and 5.3 expected pairs for u = 3 
and 5 respectively with N = 140. 

Some other important effects are (1) two objects in Table 2 are 
not yet confirmed as quasars. 

(2) We need a limiting maghitude for the galaxy, because, for 
every quasar, we could find a close foreground (or background) 
galaxy, however faint this galaxy 1s, if we were not limited by the 
sky brightness. Then we should exclude cases where very faint 
galaxies are involved, such as the 18 mag galaxy near 0846 + 51. 
Moreover, if quasars are associated with bright galaxies, as 
already suggested, how can they also be found at the distances of 
the faintest galaxies? 

(3) Homogeneous samples of radio-quiet quasars’ as well as the 
quasars recently! >?" detected do not depart from a random 
distribution with respect to galaxies. 





Table 1 Distribution of the angular distances between quasars and 
galaxies if quasars are randomly distributed with a mean density H 


Mean Lower 

ho value Variance 95% limit 

(deg)? (are min) (are min? (arc min) 
l 29.9 244.0 5.36 
2 21.1 122.0 3.79 
3 17.4 32.3 3.12 
4 14.9 61.0 2.68. 
5 13.4 49,1 24i 
6 12.3 41.2 62.20 
7 11.3 55.2 2.04 
#8 10.6 30.5 1.90 
9 10.0 27.4 1.80 
10 9.5 24.6 1.70 
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r* 
Coordinates Quasar Galaxy Mg zoso (arc min) 
1 OLSI -+045 PHL1226 1C1746 15.1 0.404 1.8 
2 0846+ 512 Wi Anon ~18 + 0,2 
3 1108 +285 QS NGC356] 14.7 2.192 0.7 
4 1132+472 BSO! Anon 15.1 1.13 1.7 
5 1222 + 102 Wdm6 NGC4380 13.4 (Cont.) 1.5 
6 1233+125 Wdmé NGC4550 12.5 0.728 0.7 
7 1344 +440 BSO! NGC5296 15.0 0.963 0.9 
8 1432+ 489 QS NGC5682 15.1 1.94 Le 
9 2157—133 BSO! IC1417 ~15.0 0.71 1.3 





*r < 3arc min, from Arp, ref. 11, except for QSO1 108 + 285 (ref. 20). 
*+Biue variable star-like object. 


(4) The choice of the galaxy may introduce two more obser- 
vational selection effects in these small probabilities. Such pro- 
babilities are, in fact, the product of P, x P2, P; being the 
probability of finding a variable or blue stellar object in a 
particular location with respect to a galaxy'’, and P, the 
probability that this object is a quasar, equal to the number of 
pairs over the number of galaxies investigated. As the first step 
corresponding to P, is omitted, P: (a few per cent, according to 
ref. 11)1s wrongly compared with the very small (but a posteriori) 
probability by chance ( ~ 10° +) for such configurations, to prove 
the unlikelihood of the association; unfortunately the number of 
galaxies not investigated because of the absence of variable or 
blue stellar objects is inaccessible. A possible answer is that 
‘associated’ quasars are associated only with galaxies having well- 
defined characteristics (morphological type, for example). Then 
the number of pairs involved here is much smaller and the 
existence of the excluded pairs can only be explained by chance, 
which proves then that close associations are not as rare as 
believed. 

If a quasar lies within r arc min of a bright galaxy in the vicinity 
of which other fainter galaxies lie, (in a group for example, witha 
density x), then in P = 0.61 p’r* of the cases, there will be another 
galaxy lying within r arc min of this galaxy and located nearer the 
quasar than the parent galaxy (P = 8.5% if r = 10 arc min and 
uw’ = 5(deg)~?) and in P = 1—exp (—2y'r*) cases, another 
galaxy will he within r arc min of the quasar (P’ = 35% with rand 
je as above). In such cases the final angular separation will be 


Fig. 1 Distribution curves of the angular separations for different 

values of the density of quasars in (deg) ~ *. The dashed line indicates 

the locus of the lower limits of the 95°, bilateral level range (see Table 
Dap = 10;6¢ = 5;c, y = 3d, p = 1. 
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calculated from the fainter galaxy instead of the bright one 
around which the search was made (cases of quasars associated 
with companion galaxies’ !). Such situations, which are not very 
rare according to the indicative probabilities found here. can 
artifically increase the number of close associations and reduce 
the angular distances in the same way. 

It is difficult to evaluate quantitatively the result of such 
observational selection effects, except by a careful systematic 
search for radio-quiet quasars around galaxies. But if we take 
these effects into account, as well as the estimated density of 
quasars and the expected distribution of angular distances, the list 
of very close quasar~galaxy pairs and the values of the pro- 
babilities are not as impressive as before. So far as we can 
conclude, the small angular distances found between some radio- 
quiet quasars and galaxies do not disagree with the expected 
values corresponding to the most likely values of the surface 
density of quasars. These spectacular associations correspond 
only to the toes of the distribution of the angular separations and 
the discovery of such quasars seems to be due only to their 
exceptional location. 

I thank D. Wills for helpful discussions and Dr H. Arp for 
communicating data before publication. This work was sup- 
ported by a grant from the French Foreign Office. 
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Pressure-induced changes in 
molecular conformation in liquid alkanes 


Liquip linear alkanes at room temperature and pressure exist 
in a mixture of molecular shapes. The n-heptane molecule, for 
example, has 13 possible distinct conformations with up to four 
gauche bonds distributed along its length. In the crystal, 
however, all the molecules assume the all-trans, straight chain 
shape. We have studied the conformations of chain molecules 
in the liquid state in various conditions using Raman scattering 
as a probe!. We have looked particularly at what happens to 
the shapes of linear alkane molecules subjected to high pres- 
sures in the liquid state. We speculated that as the pressure on a 
liquid of chain molecules was increased toward the freezing 
point that the chains might begin to straighten out. In fact, we 
found that an increase in pressure caused an increase in the 
number of gauche bonds, that is, pressure caused the molecules 
to become more globular. 

Our interest in this investigation grew out of some recent 
discoveries concerning the conformation of linear polyethylene, 
a very long-chain molecule whose length can be as much as | um 
or more. Typically, polyethylene crystallised from the melt folds 
itself into straight chain segments tens of nanometres long, 
arranged side-by-side to form lamellae, with the segment axes 
perpendicular to the lamellar surface. The resulting material 
has relatively poor mechanical strength, presumably because 
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Fig. 1 The CH stretching bands for heptane at 65 °C and pres- 

sures of a, | atm and b, 14.7 kbar. The peak at 2,880 cm 

disappears at high pressure as the molecules become more 
globular in shape. 


it is held together mainly by Van der Waals forces between 
lamellae rather than by the carbon-carbon bonds of the polye- 
thylene chain. On the other hand when polyethylene is crystal- 
lised at high pressure, ~ 5 kbar, the chains are extended to their 
full lengths in the solid? and, still more interesting, there is 
evidence that in the high pressure liquid before crystallisation 
the polyethylene chains exist in a ‘nematic’-like state, an 
ordered liquid phase*. We wished to investigate this ordered 
phase and because the spectroscopy was more straightforward, 
decided to begin with short chain alkanes. Our results indicate 
that for the short chains the ordered liquid phase does not exist. 

For heptane at room temperature and pressure the relative 
population of the all-trans conformer is about 15/4. The 
populations of other conformers can be calculated using the 
Boltzmann distribution, with each gauche bond requiring 
~ 300 cal mol of energy. The greater statistical weight of the 


Fig. 2 Spectra of heptane as in Fig. 1 but for the lower frequency 

range, The intensities of the acoustic bands in the region 300- 

600 cm~ drop as the pressure rises, indicating that the popu- 

lations of molecules in the all-zrans conformation and molecules 

with one gauche bond are decreasing in favour of more highly 
kinked conformers. 
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gauche conformers overcomes the energy barrier and for liquid 
alkanes longer than nonane the trans population is small and 
spectroscopic observation of the trans species is extremely 
difficult. 

In the Raman spectrum of the alkanes there are two frequency 
domains that are especially conformation sensitive: the high 
frequency C-H stretching bands and the low frequency acoustic 
bands. The high frequency region for heptane at 65 °C is shown 
in Fig. 1. The upper spectrum was taken at room pressure and 


“a ee a ee 
0.2 0.4 0.6 0.8 1.0 
Poi Po . 


Fig. 3 Relative populations of molecules with one gauche bond, 
a, P,, and with more than one gauche bond. b, Paa. The abscissa 
is the all-trans population, Po, relative to its room pressure value, 
P,*. Pressure is increasing to the left therefore. Solid curves are 
theoretical predictions; open circles are data points. 


sharpness of which has been shown to be proportional to the 
crystallinity and packing density of neighbouring chain mole- 
cules’. In the lower curve taken in the liquid at 14.7 kbar 
pressure this band has disappeared, indicating a probable 
reduction in lateral chain order. 

Figure 2 shows the spectral range 200-1,500cm~! for the 
same two pressures for heptane. Most of this spectral range is 
only slightly affected by the change in pressure and the band 
at 1,450 cm™! was used as an intensity standard. (The pressures 
were generated in a diamond anvil cell. The strong feature 
appearing in the high pressure spectrum near 1,300 cm~ is the 
diamond Raman band.) The frequency range 300-600 cm~ 
contains the acoustic modes which are affected quite strongly 
by pressure. These bands have been the subject of much 
study®?. Model calculations have been made, and some of the 
normal modes for different conformations have been identified 
with these bands’. 

The sharp peak near 309 cm~ is the so called ‘longitudinal 
acoustic mode’ (LAM) which is due to a vibration of the 
all-trans, TTTT, conformers along their chain axes. Its fre- 
quency is inversely proportional to the chain length. The band 
at 507 cm ` results from a molecule with a single gauche bond, 
TGTT, the band at 363 cm™ is due to the GTTT conformer, 
and the band at 396 cm ` is caused by a superposition of bands 
from a single gauche bond conformation, GTTT, and a double 
gauche conformer, TTGG. 

Note that in the room pressure spectrum the all-trans 
band at 309cm™ is by far the strongest peak although it 
accounts for only 15% of the molecular population. It seems 
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that as the molecules become more globular in shape, vibrations 
along the chain length have less effect on the polarisability. The 
intensities of bands for 3- and 4-gauche bond conformers are 
too weak to be detected. 

It is apparent from Fig. 2b that all the bands in the low- 
frequency region decrease as the pressure increases with the 
LAM dropping more rapidly than its neighbours. This shows 
that the populations Py, of the all-trans molecules, and P,, of 
the single-gauche bond molecules, are decreasing in favour of 
P,_,, the population of the 2-, 3-, and 4-gauche bond confor- 
mers. 

We have developed a theory, generalised from liquid-crystal 
theory®, which predicts this behaviour. Our model consists of a 
dense gas of hard rods interacting only through excluded 
volume effects and Van der Waals attraction. The rods have no 
orientational correlations and are free to rotate end over end 
as in the case of an isotropic liquid crystal. Different conformers 
of heptane correspond to different species of rods, each with 
its own aspect ratio (length to breadth ratio) and energy 
(depending upon the number of gauche bonds). If the aspect 
ratio of a rod decreases, the excluded volume swept out as it 
tumbles is reduced and the translational entropy increases. If 
we calculate and minimise the Gibbs free energy for this model 
we find that rods with lower aspect ratios become more favoured 
as the pressure and density increase. This means that the 
molecules become more globular as the pressure rises. 

Figure 3 shows the predictions for the rise of Pa~, and the 
drop of P, as functions of P,/P,* (P,* is the room pressure 
value of P,). Pressure therefore is increasing to the left in this 
figure. The agreement between theory and experiment is 
gratifying. 

We have also investigated the conformational behaviour of 
hexane, octane, and hexadecane. The first two have behaviour 
similar to that of heptane. We recall that there is evidence for an 
ordered phase ina polyethylene liquid at high pressure. Since such 
a phase does not seem to exist in the short chain liquids one might 
expect to find a ‘crossover’ chain length above which the ordered 
phase could be found. Hexadecane at room pressure is made up 
almost entirely of gauche bonded conformers. We found that 
as the pressure was increased no significant change in the 
conformational population could be detected spectroscopically 
up to the freezing point for temperatures up to 165 °C. We 
conclude that either hexadecane is shorter than the ‘crossover’ 
length or that the ordered phase is inaccessible in this tempera- 
ture range. We are continuing our investigation with other 
alkanes and polyethylene. 

P. E. SCHOEN 
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Particle size analysis for 
machinery health monitoring 


MONITORING the health, or condition, of machinery is a uni- 
versallyaccepted way of achieving economy of use and preventing 
catastrophic failure. Wear debris analysis is a powerful method of 
monitoring oil-lubricated machinery and many techniques are 
used, such as spectroscopic oil-analysis', magnetic plug and filter 
inspection’, ferrography°, and particle size analysis. Although this 
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Sample Gearbox iron content 
no, hours i h (am) r (mg Iv?) 
| 15 3.183 0.907 0.955 7.0 
2 22 2.514 0.540 1.000 7.1 
3 26.75 3.068 0.842 1.000 7.9 
4 46.75 2,830 0.682 0.996 5.5 
§ 63.25 2.382 0.725 0.994 55 
6 79,50 2.900 0.707 0.998 46 
7 106.75 2413 0.843 0.997 5.0 
8 109.25 3.024 0.935 0.998 8.8 
9 129.75 2.744 0.745 0.997 6.9 
10 130.25 2195 0.830 1.000 7.4 


These values of n, b and r were obtained with a lower size limit. d’, of 
2 wm, this value corresponds to the limit of the sensor used. 


last technique is frequently used for monitoring hydraulic fluids, 
where contamination levels are low, it has not been accepted as a 
means of monitoring relatively dirty systems such as gas turbines 
where other techniques are more efficient and easier to interpret. 
Here we show how the results from particle size analysis can be 
reduced to a simple indicator of the severity of wear ; this indicator 
is related to spectroscopic oil analysis and shows promise as a 
method of monitoring the new generation of ultra-clean gas 
turbines, 

The cumulative distribution of wear particles as a function of 
particle size can be fitted to the distribution function, P(d) = exp — 
[b/(d~-d’)}"; P(d) is the probability of a particle being smaller than 
d, ď is a lower particle size limit, b and n are the independent 
parameters which may be adjusted to fit the experimental results. 
This function is similar to that used by Rosin and Rammler* to 
describe the fineness of powdered coal. Taking logarithms twice 


Fig. 1 Particle counts per 100 ml of oil for a, 2-5 pm; b, 5-10 umie. 

10-15 um: d, 15-25 um: e, 25-60 um. The apparatus used works on 

the principle of light blockage in which particles passing through a 

cell interrupt a light bea. a incident on a photo-diode. As the particle 

passes through the cell it tumbles and the maximum projected area is 

detected and the particle is sized as having the diameter of a sphere 
with the same cross-sectional area. 


9 


2~Sym Particles x 1076 
i pay 
=— 
ra 
wo 


-0 ym Particles x 10>+4 


< 
a 





* } 
i | 
2 
x 
2 oO Pow 
5 j o | 
= 0. re) 18 
a a Pa 8 odl a 
TT = 
wr 
i 450 O "E | $ 
D o Y 
p oa _ 
ns 
D d l he 
et A S £ 
= Omens Ae 
Cy O © i cy 
| /\ -d | 
Ş \ Lo +0 
e 
0 iE a acl akc a SN A E EEEE E ne, 
0 50 100 ESO 


Gearbox hours 


Nature Vol. 270 i December 1977 


Fig. 2 Values of HO), measured iron 
content ((7]), and calculated iron content 
(A} as a function of gearbox hours. The 
calculated iron contents were determined 
from the integral Tofi nd /24p(djdd where 
Pd) = d P(dj/dd, Tis the total number of 
particles per litre and p ts the density of 
steel. The integral was evaluated using 
Simpson's rule, 


h (um) 


yields Inin Pd] = —vln(d—d')+ninb. Thus a plot of 
InfIn(1/P(d@))] against —in(d— d) should be linear if the distri- 
bution function is applicable to the experimental results. From the 
form of P(d) we see that 36.7%, of the particles will be smaller than 
b+ d. Since it is generally accepted that an increase in the relative 
number of large particles is an indication of an increasing severity 
of wear, it may be possible to use b as an indicator of the severity of 
wear. 

Ten oil samples from a helicopter gearbox test-rig were used to 
test this theory. The particle sizes were analysed with a ‘Hi-Ac’ 
automatic particle size analyser; the iron contents were measured 
using an X-ray fluorescence spectrometer. The particle size 
analysis for the 10 samples is shown in Fig. 1. The values ofn, band 
r (the regression coefficient) obtained by fitting the particle counts 
to the distribution function, and the measured tron contents are 
given in Table I. 

Figure 2 compares the values of $, the measured iron contents 
and the calculated iron contents. The close agreement between the 
trends in band the measured iron content is striking and shows that 
6 can be used as an indicator of wear. A comparison of Figs | and 2 
illustrates how this analysis has simplified the somewhat com- 
plicated results of particle counting. 

Figure 2 also shows the good agreement between the trends of 
the measured and calculated iron contents. Since wear particles are 
rarely spherical the expression for the iron content would be 
expected to be an overestimation. The good agreement actually 
observed is presumably due to the fact that particles smaller than 
2 um are ignored by the particle counter. 

I believe that this new interpretation of particle size analysis may 
well become an important technique for machinery health moni- 
toring, especially as the trend towards improved filtration reduces 
the relative sensitivity of spectroscopic oil analysis. 

Further details of this analysis as well as the relationship 
between particle size analysis and direct reading ferrography will 
be published elsewhere. I thank Mr P. Gadd of the Naval Aircraft 
Materials Laboratory for the particle size analysis. 
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Intensification of the Gulf 
Stream after the winter of 1976-77 


THe eastward volume transport of the Gulf Stream south 
of New England varies within a wide range. Within a 
triangle whose apex is at Bermuda and whose base extends 
from Cape Hatteras to Cape Sable, Nova Scotia, there 
have been 32 reliable oceanographic sections made across 
the Stream between 1932 and 1968. Geostrophic volume 
transports for these sections, computed relative to 2,000 m, 
are shown in Fig. 1. This 2,000 m surface is necessary 
if any seasonal change in transport is to be detected; 
only 10 of these sections reach to the ocean bottom 
(~4,500 m), and these were all made between April and 
August. These results tend to confirm an earlier suggestion’ 
that the Gulf Stream is strongest in late winter and weakest 
in late autumn; this was attributed to the strengthening of 
the zonal winds in the winter. More recently, I have 
postulated a different mechanism for this annual variation 
in ‘transport. The two most intense ocean currents, the 
Gulf Stream and the Kuroshio, are found on the western 
side of northern hemisphere oceans. These oceanic regions 
are visited throughout the winter by frequent outbreaks 
of frigid polar continental air. As a result of these 
outbreaks, very deep mixed layers are formed immediately 
south of these currents in late winter. The greatest thermo- 
cline depths are always found directly beneath the most 
deeply mixed layers, and it is primarily the variations 
in thermocline depth which account for the variations 
in computed transport shown in Fig. 1; the deeper the 
thermocline south of the Stream, the larger the transport. 
I suggest that the Gulf Stream receives a new charge of 
energy at the end of each winter due to this deepening 
of the thermocline. Here I discuss how the cold winter 
of 1976-77 influenced the Gulf Stream‘ transport. 

The temperature distribution in the western North 
Atlantic can be seen in the first more-or-less meridional 
section across the Sargasso Sea made by Thomson’ in 
HMS Challenger. This section (Fig. 2) passed across the 
Gulf Stream in May; spring warming had started up 
at the sea surface above the deep, nearly mixed layer 
immediately south of the Gulf Stream. The Gulf Stream 
System is an asymmetric anticyclone. The narrow, intense 
eastward flow of the Gulf Stream itself takes place between 
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Fig. | Computed geostrophic volume transports for sections in 

the Bermuda — Nova Scotia ~ Cape Hatteras triangle: @, 32 sec- 

tions made between 1932 and meee >, sections made before 

and after the winter 1974-75; , between Researcher stations 

6 and 33 in April 1977. All transports are relative to 2,000m 
and are plotted against month. 


Challenger stations 42 and 44. The slower and much wider 
return flow toward the west takes place between stations 
42 and 24, augmented by a further westward flow through 
the Caribbean Sea south of station 24. The maximum 
top-to-bottom transport of the anticyclone has been esti- 
mated to be about 150 10° m’ s™' (refs 4, 5) of which only 
about 30x 10° m*s"' pass through the Caribbean. Tropical 
surface water from the Caribbean can be seen as the 
‘warm core’ at Challenger station 43. Superimposed on 
the anticyclone one can infer a shallow, meridional circula- 
tion in which excess 18 °C water (ref. 6), formed at the 
end of the winter, flows south at the 300m level and 
surface water is advected north to replace it. This process 
does not directly affect the Gulf Stream transport. 

It can be seen (Fig. 2) that the thermocline is, in fact, 
deepest in the centre of the anticyclone beneath the 
thickest part of the lens of 18 °C water. To the north, 
the thermocline rises abruptly across the Gulf Stream, 
and the lens of 18° C water disappears abruptly. To the 
south the thermocline rises gradually and the lens of 
18 °C attenuates gradually. 

It is difficult to test hypotheses in the ocean, but an 
attempt was made during 1974-75 to observe the formation 
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of 18° C water and its possible effect on the anticyclone. 
An extensive oceanographic survey was made in October 
and November of 1974 and repeated in March 1975. No 
deep mixed layers were formed, and the 18°C water 
was not renewed by the atmosphere. Research ship cruises 
must be planned a year or two ahead of time, hence 
observers interested in short-scale climatic changes must 
simply take their chances. Precise calculation of the heat 
flux from ocean to atmosphere cannot be made at present 
since there is a three or four year lag before the necessary 
marine meteorological data can be obtained on magnetic 
tape, but the winter of 1974-75 was exceptionally mild 
over the northwestern Sargasso Sea. 

The winter of 1976-77, however, has been exceptionally 
cold in the eastern US. The surface atmospheric pressure 
map for mid-January to mid-February 1977 is drawn in 
Fig. 3. It is marked by a shift of the Icelandic low towards 
Newfoundland and a retreat of the Azores~Bermuda high 
towards the east. This was accompanied by a flow of 
continental polar air across the northwestern Sargasso 
Sea. This pattern was present much of the winter but 
broke up completely in March 1977. 

[ was invited aboard the Ocean Survey ship Researcher 
in April 1977 to investigate the effect of this remarkable 
winter on the 18 °C water and its influence, if any, on 
the Gulf Stream transport. 

Again, precise heat flux computations cannot be made 
at present, but the contrast between the mixed layer 
depths after the mild winter and the severe winter was 
vivid. Late winter temperature-depth and dissolved oxygen- 
depth curves for neighbouring oceanographic stations near 
the southern edge of the Gulf Stream are shown in Fig. 4. 
Knorr station 577 (34°31’N, 72°31°W; 10 March 1975) 
has a mixed layer only 175m deep. A faint inflexion 
can be seen in the 18°C water at 300m. This is 
probably a relic of a previous winter when renewal of 
18 °C water by the atmosphere did take place. The 
concentration of dissolved oxygen at 300m was 4.45 ml 
per | (81% of saturation), indicating that biological con- 
sumption of oxygen had been going on for some time. 
Below this inflection the temperature gradient increases 
rapidly to 1 °C per 50m, the normal value for the thermo- 
cline in the Sargasso Sea. The depth of the 10 °C isotherm, 
a commonly used index of thermocline depth, is 815 m. 

The upper 200m of Researcher station 33 (34°30'N, 
71°18°W; 12 April 1977) is composed of ‘warm core’ 
Gulf Stream water, but the rest of the top 600m consists 
of newly formed 18 °C water with oxygen values of about 
5.1 ml per I (96% of saturation). The thermocline is much 
deeper: the 10°C isotherm lies at a depth of 1,020m, 


Fig. 2 Temperature section from St Thomas, Virgin Islands, to Bermuda to New York, made from HMS Challenger in spring, 1873. 


Station no, 45 44 we 4? 


SAE 


1,500 


° 2,000 


2,500 
New York 


op 39 383735 





Bermuda 


St Thomas 


Nature Vol. 270 1 December 1977 


deeper than at any of the earlier stations used for the 
computation of Gulf Stream transport (Fig. 1). 

Computed volume transports for the two sections made 
before and after the mild winter of 1974-75 are also plotted 
in Fig. 1. While the late winter section (62 x 10° m's7') is 
slightly higher than the autumn section (57x 10° m's7’), 
these two sections give the two least volume transport 
figures ever computed, relative to the 2,000 m surface, in 
this area, Researcher station 33 has been paired with the 
nearest station north of the Gulf Stream (Researcher 
station 6; 37°46’N, 72°00’W, 1 April 1977), and the 
computed volume transport between them, 95x 10° m? s™', 
has also been plotted in Fig. 1. It is the largest volume 
transport ever computed for the Gulf Stream. 

With reservations, these data add credence to my 
proposed mechanism of oceanic anticyclogenesis’. The 
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Fig. 3 Average surface atmospheric pressure for the period 
mid-January to mid-February 1977. 


main reservations are these: Researcher was equipped 
with expendable bathythermographs that recorded the 
temperature down to 760m. Thus it was possible to place 
station 33 in the exact centre of the region where the 
mixed layer was deepest and the thermocline was deepest. 
Knorr was similarly equipped during the two cruises 
which showed the lowest volume transports (Fig. 1) and 
these low figures are undoubtedly true. These sections 
were made, however, in a different longitude (64°30 W) on 
the Nova Scotia side of the Hatteras—Bermuda-Nova Scotia 
triangle where the current (in the upper layers) may be 
weaker’. Also, the areas where the deepest mixed layers 
were found were not very wide. Such deep mixed layers 
could easily have been missed by earlier observers. It is 
further possible to assume that Researcher station 33 
was in the centre of a small, local anticyclone independent 
of the Gulf Stream. Nevertheless, it seems that the Gulf 
Stream gained strength after the cold winter of 1976-77. 
I attribute this to deep winter overturn. It is hard to 
see how this intensification can have been due to wind- 
stress alone in view of the air-flow pattern indicated 
by surface atmospheric pressure (Fig. 3). The theoretical 
Gulf Stream transport corresponding to the mean wind- 
stress field is only 23*10°m's™' (see ref. 7). Thus the 
gross variability in baroclinic transport in the upper 
half of the Gulf Stream (57-95 x 10° m’ s™°) is nearly double 
the total mean theoretical wind-driven transport. 
Masuzawa* has shown a meridional section across the 
Kuroshio system made in January 1967 in which deep 
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Fig. 4 Temperature—depth (solid lines) and oxygen—depth (dashed 
lines) curves for stations made south of the Gulf Stream in late 
winter 1975 (©) and early spring 1977 (A). 


mixing may have contributed to the depression of 
the thermocline south of Japan. This section also shows 
the equatorward spreading of subtropical mode water, 
the northwest Pacific analogue of 18 °C water. McCartney® 
has discovered that a similar process takes place on the 
equatorward side of the Antarctic Circumpolar Current. 
It seems that the greatest current systems in the world 
oceans are accompanied by deep mixing on their equator- 
ward sides, and it is possible that they derive the greater 
part of their energy from this process. 

This work was sponsored by the Office of Naval Research 
(Contract N00014--74C--0262, NR 083-004). 
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Manganese-rich particulate 
matter in a coastal marine environment 


PARTICULATE matter in the waters of the Gulf of St 
Lawrence, a major marginal sea, contains as much as 
16,500 p.p.m. manganese. This is comparable with the 
levels of manganese found in deep-sea -sediments'. Here 
we show that it is possibly a related phenomenon. Suspended 
particulate matter was collected by filtration on 0.4-um 
Nucleopore filters on a series of six stations along the axis 
of the Laurentian Trough. The samples were digested in 
a Teflon bomb with a mixture of aqua regia and hydro- 
fluoric acid, and analysed by atomic absorption sbectro- 
photometry’. Figure 1 shows a typical vertical profile of 
the concentration of suspended particulate matter and its 
content of manganese. The manganese content increases 
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rapidly with depth to a maximum value of 16,500 p.p.m. 
at 40-1/ù®m above the bottom. The profiles are similar for 
the two cruises. 

Resuspension of manganese-rich bottom sediment, and 
diffusion of dissolved manganese out of the sediment with 
subsequent precipitation in the water column, are two 
mechanisms which may produce manganese-rich particulate 
matter. Figure 2 shows that a manganese-rich surface 
layer, only a few millimetres thick, covers a sediment which 
otherwise is uniformly low in manganese. Higher concen- 
trations of particulate matter near the bottom than at 
intermediate depths exist throughout the deep parts of the 
Gulf of St Lawrence’, indicating that resuspension of 
bottom sediments is an active mechanism‘. But, the man- 
ganese content of the near-bottom particulate matter is 
higher than in the upper 1 mm of the sediment (by a factor 
of 4 to 5). Resuspension as the sole responsible mechanism 
requires, therefore, that the particulate matter retained 
in suspension—that is the slow settling components of the 
resuspended sediment—contain much more manganese than 
the bulk sediment. This possibility cannot be confirmed, 
however, because there are no data available on the man- 
ganese content of these sediments as function of settling 
rates, 

The thinness of the manganese-rich sediment layer, and 
by inference the oxidised zone, indicates that manganese 
dissolved in the pore water would only have to diffuse a 
short distance to pass from the reduced zone to the water 
column. Subsequent precipitation would then result in 
manganese-rich particulate matter; this mechanism has been 
proposed by Evans et al’. Graham et al.® have shown that 
diffusion of dissolved manganese out of sediments is fast 
enough to be a major factor in the manganese balance in 
Narragansett Bay. 

Some of the manganese-rich particulate matter may reach 
the seaward-moving layer of the water-column by vertical 
mixing and advection, and ultimately find its way to the 
open ocean. This is supported by the data of Bewers and 
Yeats’, which show that whereas 93%, of the input of par- 
ticulate matter to the Gulf of St Lawrence sediments 
internally, only 47% of the manganese input is lost in this 





Fig. 1 Vertical distribution of the concentration and manganese 

content of suspended particulate matter (SPM) on a deep station 

in the Laurentian Trough, Gulf of St Lawrence (48° 42.2’ N, 

68° 39.5 W). a, Manganese in May; b, manganese in September: 
c, SPM in May; d, SPM in September. 
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Fig. 2 Vertical distribution of manganese in a sediment core 

from the Laurentian Trough, Gulf of St Lawrence (48° 40.8’ N, 

68° 38.8’ W). The core was taken with a box corer, subsampled 

immediately, and analysed by the method of Rantala and 
Loring”. 


way. As the exported manganese is predominantly in par- 
ticulate form, it seems that the exported particulate matter 
is enriched in manganese. Furthermore, the existence of 
individual particles, greatly enriched in manganese, has 
recently been demonstrated in suspended matter from the 
Atlantic Ocean". Using scanning electron microscopy and 
an electron probe, it was shown that the particulate matter 
is composed of several phases of different manganese con- 
centrations, so that the bulk composition is controlled by 
the relative abundance of these phases. Thus, manganese 
was enriched to about 10 times the normal level in clay 
particles that make up 10% of the total clay. 

If production and export of manganese-rich particulate 
matter occurs generally in the coastal zone, it will have 
interesting implications for oceanic geochemistry. Man- 
ganese and other trace elements are not homogeneously 
distributed in deep-sea sediments. Thus, the highest con- 
centrations are not found in clays from the abyssal plains 
adjacent to the continents, but from elevated areas remote 
from the continents. To explain this, Turekian® distinguished 
between two sediment transport mechanisms: bottom 
transport and deposition, and eupelagic deposition. The 
continentally remote hilltops contain material derived from 
the higher parts of the water column, that is the eupelagic 
components, and the abyssal plains adjacent to the con- 
tinents contain the bottom transported components in 
addition. If very fine particles, rich in the critical trace 
elements, were transported by the surface layers of the 
oceans, then a uniform ‘rain’ of trace elements in particu- 
late form would occur over the entire ocean. The bottom 
transported components would act as a diluent, causing the 
lower levels of trace elements observed in sediments 
adjacent to the continents. 

The major problem with the theory is the origin of 
manganese-rich particles. Turekian® suggested that the fine 
particles could either be manganese oxide produced during 
the weathering of rocks, or small particles with high 
specific surface area which had absorbed the critical trace 
elements during stream transport. The difficulty with this 
is the implication that the removal of trace elements such 
as Ni, Co and Mn from seawater is of secondary import- 
ance to their removal in the river environment. The removal 
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of trace elements from seawater, and the maintenance of 
steady-state conditions, is thought to occur through 
scavenging by particulate matter settling through the water 
column’ t, and in particular by hydrous oxides of man- 
ganese in view of their high capacity for absorbing metal 
ions’. As Turekian® has pointed out, it is doubtful if 
particles transported by streams, be they manganese oxide 
or clay particles, are efficient scavengers of trace metals 
from seawater. As the concentrations of most trace 
elements are as high in streams as in seawater, trace 
elements would most likely have been absorbed to capacity 
on the stream particles. The higher sodium content of sea- 
water would tend to inhibit further adsorption of trace 
elements from seawater, if not actually cause their release. 

A marine, rather than river, origin of manganese-rich 
particles would remove this difficulty. These particles, with 
their content of freshly precipitated manganese oxide, 
would be the ideal scavenger, helping maintain the low 
concentrations of dissolved trace metals in seawater. 

Another implication comes from massbalance calculations 
which involve manganese. Elderfield’’, in a recent attempt 
to draw up a budget for oceanic manganese, concluded that 
the rate at which rivers supply dissolved manganese to the 
ocean is about an order of magnitude less than the rate at 
which non-lithogenous manganese accumulates in pelagic 
sediments. Hence, other significant sources of non-litho- 
genous Manganese must exist. 

One such source, if liberated by near-shore diagenetic 
processes, could be the non-lithogenous fraction in river- 
borne detritus, that is absorbed and complexed manganese 
and manganese oxide coatings. The riverborne detritus, of 
which some 95%, never reaches the open ocean”, could then 
be considered a reservoir for manganese, available for re- 
mobilisation. The annual input of riverborne detritus to the 
marine environment is about 2x10 g (ref. 15). If, from 
the total manganese carried by the detritus (estimated at an 
average Of 4,300 p.p.m. (ref. 16)) as little as 50 p.p.m. were 
on average remobilised, that alone would amount to a flux 
of 10° g yr". This is an order of magnitude higher than 
the dissolved manganese supplied by the rivers, indicating 
the potential significance of this source. 
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Equilibrium concentrations of 
methylmercury in Ottawa River sediments 


Most of the mercury (up to 97°) found in aquatic systems is 
associated with bed sediments'. Fish, invertebrates and plants 
contain only 0.02% of the total, though they contain a high 
proportion of organic mercury. Field surveys show that the 
proportion of organic mercury in the sediments range from 
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0.1 to 2.1%? "*. Jacobs and Keeney placed river sediments mixed 
with inorganic mercuiy in the Wisconsin and Fox Rivers’. 
After 12 weeks exposure to the natural environment the 
concentration of methylmercury in the sediments was only 3°. 
This concentration of methylmercury was attained within 
4 weeks after sediments were placed in the bottom of the 
rivers, This indicated that the processes of methylation and 
demethylation of mercury were in equilibrium in these environ- 
mental conditions within 4 weeks. But no experiments were 
conducted to show the degradation of methylmercury in 
sediments. After the methylation study by Jensen and Jernelév®, 
Many investigations into methylmercury production by micro- 
Organisms in bed sediments have been carried out. Little 
attention, however, has been paid to the ratio of methyl- 
mercury to the total mercury existing in the sediments. Spangler 
et al. observed degradation of methylmercury in mixed cultures 
from sediments’. The degradation reached 50% within 5 d, 
they also found methylmercury degradation in sediments. 
But detailed information about the sediments was not available 
and results fluctuated wildly. We do not know the total amount 
of methylmercury existing in all components of the systems, 
including fish, invertebrates and plants as well as various types 
of bed sediments. Here we use methylmercury equilibrium 
concentration levels in the Ottawa River sediments to estimate 
the amount of methylmercury in various types of bed sediment 
where detailed information of total mercury concentrations 
(total mercury estimation 31 kg) and types of sediment is 
available. Two ways (methylmercury production and degrada- 
tion) of reaching equilibrium were observed during 50 d in 
identical environmental conditions. 

Three types of fresh sediments from the study section of the 
Ottawa River were spiked with either radioactive mercuric 
chloride or methylmercuric chloride at a level of 1.00 p.p.m. 
The three sediments were: (A) main stream sediments, (B) north 
channel sediments, and (C) wood-chip sediments which were 
located in the north channel but just down-stream of the pulp 
and paper company. Original total mercury concentrations in 
the three types of sediments were determined by atomic 
absorption spectrometry as 17, 23 and 1,600 p.p.b., for type A, 
B and C sediment, respectively. Therefore, final concentrations 
of total mercury in type A, B and C sediments were 1,017, 
1,023 and 2,600 p.p.b. More detailed information about these 
sediments is given elsewhere”, 

Because no isotopic exchanges were observed between 
organic and inorganic mercury under natural environmental 
conditions and in these mercury concentration ranges!', it was 
possible to consider that increase or decrease of radioactive 
methylmercury in sediments was caused by methylation or 
demethylation not by simple isotopic exchanges. Organic 
contents of these sediments (A, B and C) were 0.35, 0.84 and 
59.2%, respectively. The sediments were placed in the dark at 
20° C and closed to prevent a loss of moisture as well as of 
mercury from the sediments. 

Thin layer chromatography (TLC) and atomic absorption 
were used to determine the quantities of the various chemical 
forms of mercury, mainly mercuric and methylmercuric as well 
as the total mercury in sediments. A modification was made to 
extract various forms of mercury from sediments using 0.1°% 
dithizone-benzene solution. Over 98°% of the mercury from 
sediments was recovered using this modified method. R, values 
in the thin layer chromatography for mercuric and methyl- 
mercuric forms, respectively, were 0.36 and 0.66 using water- 
methylcellsolve as the developing solvent."A portion of the 
mercuric and methylmercuric bands as well as other bands 
containing mercury were separated from the TLC sheet and 
were counted for radioactivity. All samples were analysed in 
duplicate. 

Surprisingly, methylmercury in cleaner sediments (type A, 
main channel sediments (sands) ) degraded more rapidly into 
inorganic forms, Fig. 1. Within 25 d, 80°4 of methylmercury 
was broken into inorganic forms in the sand sediments, 
whereas, only 14% of methylmercury was converted into 


Fraction of methylmercury (%) 





Time after mixing (h) 


Fig. 1 Equilibrium concentration of methylmercury in Ottawa 

River sediments. Sediment A is shown by squares, B by circles 

and C by triangles, closed symbol, start from mercuric chloride 
only; open symbol, start from methylmercuric chloride only. 


inorganic forms in the organic sediments (type C) during the 
same period. Sediments which were mixed with an inorganic 
form of mercury increased their contents of methylmercury 
with time. For highly organic contaminated sediments (type C, 
wood-chip sediments) the portion of methylmercury was 7.4%, 
and for cleaner sand (type A, main channel sediments) the 
portion was only 0.1% after 25 d. The difference in final 
methylmercury concentration between sand (A) and wood- 
chip (C) sediments is probably a result of the different rates of 
formation and decomposition of methylmercury in these 
sediments. That is, the wood-chip sediment forms methyl- 
mercury more rapidly and also decomposes methylmercury 
more slowly than does the sand sediment. During the 50-d 
experiments, an average of 1.3% of mercury escaped from the 
system. 

Methylmercury concentrations in each of the three types of 
sediments converged to an equilibrium concentration level 
from both directions starting with mercuric chloride and 
methylmercuric chloride, with an increase of time, Fig 1. 
From the results, the equilibrium concentration levels were 
estimated for sediments A, B and C as 0.2, 2.3 and 12.1%, and 
the time to attain the equilibrium concentration was estimated 
as 3, 3, and 6 months, respectively. 

Applying this methylmercury information to Ottawa River 
sediments, amounts of methylmercury were calculated as 
1,200 g for the study section of the Ottawa River in 1972. In 
this calculation, the 4.88 km by 1.5 km section was divided 
into five regions depending on the type of bed sediments 
existing in the section of the river. The amounts of biomass 
in the study section were 5.3, 11.1, and 65.4 tons (wet) for 
fish, inVertebrates, and plants, respectively. This biomass 
contained only 6.0g of total mercury. In other words, bed 
sediments contained 200 times more methylmercury than those 
in biomass, even assuming all of the mercury in biomass was 
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methylmercury. Of course, the accuracy of this calculation of 
methylmercury in the sediments was not as high as that for the 
estimation of the total mercury in biomass in the study section. 
The calculation clearly showed, however, that methylmercury 
existing in the sediments was higher by at least two orders of 
magnitude, than those in the biomass. This further indicates 
that a detailed study must be directed toward mercury in bed 
sediments to understand and control, effectively, mercury 
pollution in aquatic systems. 
We thank Mr J. Trepanier, Mrs E. Javorsky and Mr M, Y. 
Pinard for their contribution. 
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Origin of coal basins by salt solution 


WILLISTON Basin of North America, one of the world’s largest 
brown coal basins with diameter 550 km, is interpreted as an 
effect of regional solution of up to 150 m thickness of 
Devonian salt. The Late Cretaceous—Tertiary salt removal from 
the buried Elk Point Evaporite Basin (Middle Devonian) has 
resulted in sufficient collapse subsidence to be structurally 
reflected in the 2,000-3,000 m of overlying Palaeozoic and 
Mesozoic stratigraphic column. The Palaeocene coalfields are 
topset to Late Cretaceous delta lobes developed within salt 
solution troughs. This syndepositional mechanism for coal 
basin formation has not previously been recognised. 

The most extensive coal basins were emplaced marginal to 
the Roncott Platform”, a major salt salient into the 2,500 km? 
of complete salt removal across southern Saskatchewan (Figs 
i and 2). Ground water circulation believed to have caused the 
salt solution is attributed to flow under hydraulic head from 
the nearby Rocky Mountains which were emerging to the south- 
west. Initially, it was directed along vertical planes associated 
with rejuvenated Precambrian lineaments, which are related to 
a possible plate boundary’ that trends across western South 
Dakota and eastern Montana and traceable into south-central 
Saskatchewan as the salt solution axes flanking the Roncott 
Platform. 

The Palaeocene coal measures are coal-bearing bodies that 
are topset to the Cretaceous delta lobes. Wood Mountain- 
Willow Bunch complex is the largest? of the coalfields (Fig. 2). 
Its several depositional troughs are along the western margin of 
the Roncott Platform (Figs 2 and 3). The thicker parts of seams 
overlie anomalous negative troughs on the Late Cretaceous 
structural surface, which themselves partially represent syn- 
depositional clastic thickening trends. The coal seams of the 
Wood Mountain and Willow Bunch coal basins have their 
thicker parts superimposed. These are in turn vertically above 
the Late Cretaceous delta lobes’ axial lengths. Without the 
underlying solution subsidence any thick peat accumulation 
associated with temporary mobile axes would not be preserved 
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Fig. 1 Isopachous map of the Prairie Evaporite Formation 
(Devonian) salt and potash beds in the Elk Point Evaporite 
Basin across western Canada. Contour interval is 75 m. The 
salt beds to the south-east were leached, resulting in evaporite- 
solution brecciation of superjacent strata, especially during the 
Late Cretaceous to Lower Tertiary. The resulting extensive 
collapse subsidence over this zone was reflected up the 2,000- 
3,000 m stratigraphic column during the emplacement of 
Williston Basin’s deltaic topset coal basins, whose preservation 
was assured within the subsidence troughs. The best developed 
coal basins were emplaced marginal to the Roncott Platform, a 
salt salient that extends northwards from northeastern Montana 
into the leached zone (Fig. 2). 


in the record. This phenomenon of coal basin genesis is well 
illustrated by deposition within the Coronach Trough, marginal 
to the western flank of the Roncott Platform (Fig. 2). There 
are six major seam groups in the Ravenscrag Formation of the 
Coronach Trough. The thickest seam of the 80-120 m coal 
measures in the trough, as well as in the formation, is the Hart 
seam. Its thickened trend, the 3-10 m thickness isopach 
interval, is a north-south subcrop belt, 8-24 km wide, that 
parallels the 65 km length of the Roncott Platform salt subcrop 
erosional edge north of the International Boundary (basin 3, 
Fig. 2). The Hart seam thins eastward in the subcrop along a 
broad front paralleling this salt erosional edge such that the 
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thinned depositional margin of the seam basin and the Roncott 
Platform western erosional edge coincide in the vertical suc- 
cession along most of its length. Where the seam encroaches 
on to the salt platform subcrop zone, it is less than 1-m thick. 
All seams in the coal measures that are of sufficient thickness 
to be correlative between boreholes in the subcrop have their 
axes of maximum thickness superimposed, paralleling the 
Roncott Platform erosional margin and vertically along the 
maximum thickness trend of the Hart seam. They similarly thin 
eastward along a broad front as they encroach the salt sub- 
strate. The uppermost seam group of the Willow Bunch Basin, 
the 4-7 m thick seams of the Willow Bunch group (basin 4, 
Fig. 2) are exceptional in that they transect the Roncott 
Platform; their deposition axes are oblique to the Coronach 
Trough subsidence. The isopachous trends of Willow Bunch 
seams demonstrate the markedly diminished influence of salt 
solution subsidence emplacement and the assertion of the 
regional cratonic southeastern subsidence in the syntectonic 
sedimentological framework. 

The salt solution subsidences of the Killdeer-Rockglen and 
Coronach Troughs (Fig. 3) were contemporaneous with the 
final recession of the Bearpaw sea. They favoured the fixation 
of vertically accreting Late Cretaceous deltaic lobes within a 
Catskill-like® muddly shoreline that transgressed over the sea. 
The main delta body, approximately 100 km across, extends 
south of the International Boundary beyond the study area 
(Fig. 3), and is comparable in size to the largest of deltas 
observed in.the sedimentary record world-wide. The delta lobe 
accretion along subsidence axes inhibited lateral progradation 
and developed the Palaeocene coal measures as topset beds: the 
margins of the largest seam basins coincide with the subcrop 
extent of the late Cretaceous lobe. This sequence is repeated 
with modification eastward into the Hummingbird Trough 
along the eastern margin of the Roncott Platform (Fig. 3). 
Sufficient but incomplete removal of evaporite beds contem- 
poraneous with the Late Cretaceous continental transgression 
across the eastern Platform developed a series of coalesced 
5-10-km diameter lobes (Fig. 3) that encroached the western 
limb of the Hummingbird Trough. The relatively small 
Bengough coalfield (basin 5, Fig. 2) in the overlying Palaeocene 
thus is situated on this semi-stable Roncott salt platform area, 
but its thick seams do not laterally extend into the axial area of 
the Hummingbird Trough. This may be due to unfavourable 
subsidence for accumulation and preservation of peat sections. 

The few major intracratonic deltas studied in the ancient 
sedimentary record, for example, the Upper Cretaceous delta of 


Fig. 2 The late Tertiary and Pleistocene drift blankets the unconformably Late Cretaceous to Early Tertiary bedrock surface on the 
northern limb of the Williston Basin, southern Saskatchewan. Most of the Palaeocene coal basins of this borehole exploration area are 
emplaced within salt solution subsidence zones: Cypress (1) Wood Mountain (2) and portions of the Willow Bunch (3-6) Basins. The 
lower coal measures of the Coronach Trough (3) are emplaced to offset to the paralleling western margin of the Roncott Platform’s rigid 
salt substrate, whereas the Bengough coalfield (5) is developed with the partial solution subsidence of the eastern half of the salt structure. 
Minor coal basins (6) are emplaced within embayments into the salt substrate along the eastern Hummingbird Trough (Fig. 3) contact with 
the regional salt substrate. The stratigraphically high Willow Bunch seam group basin (4) is the least affected by the solution subsidence, 
and transects the subjacent solution axis. Likewise, the equivalently young Esteven Basin (7) coal measures develop with the assertion of 
eratonic subsidence as the dominate syndepositional genesis of coal basins in place of solution subsidence. 
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Fig. 3 Emplacement of the Late Cretaceous delta lobes along salt solution subsidence axes within the Frenchman formation. These 


lobes persisted in the vertical succession as topset Palaeocene coal basins. Extensive 


axis was inhibited by the structural barrier of rigid 


the central Rocky Mountains”, have been created by crustal 
downwarping reinforced by sediment loading. By contrast, 
solution subsidence as the cause of the Late Cretaceous to 
Lower Tertiary Wood Mountain—Willow Bunch delta complex 
suggests that loading is of minor importance. The crustal 
movement along the postulated geosuture was primarily 
lateral with minimal vertical component. Such movement does 
not preclude the development of vertical fracture zones into the 
Phanerozoic, including the Devonian salt beds to promote 
channelisation of sufficient fluids for regional dissolution. 
The initiation of thick seams in the coal measures on the 
northern limb of the Williston Basin is transgressive southeast- 
ward towards the depocentre in northwestern North Dakota 
(Fig. 4). The thick seams of the Cypress Basin are at the base of 
the Tertiary (Ravenscrag Formation): the Ferris and super- 
jacent Anxiety Butte seams, each developed to between 4 and 
8 m thick. This interval is approximately isochronous with the 
relatively thinned Landscape seams, tens of metres higher in 
the stratigraphic section of the Coronach Trough, 200 km to 
the east. The Willow Bunch Basin subsidence did not diminish, 
to a rate permitting thick peat accumulation until the onset of 


the Hart seam 100 m higher in the section (Fig. 4). Similarly, 
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these conditions were not developed in the Estevan Basin, 
another 200 km to the east, until an additional 100 m of section 
was deposited above thinned and discontinuous equivalents 
to the Hart seam. The Boundary seam, the lowest of the thick 
seams in the Estevan Basin coal measures is isochronous on the 
basis of palynology with the main thick seam of the strati- 
graphically high Willow Bunch group across the Willow Bunch 
Basin (Fig. 4). 

The onset of subsidence rates favourable for accumulation 
and preservation of thick peat sections is interpreted as a 
linear transgression up section as distal limb sections detach 
from the relatively rapid but diminishing subsidence of the 
cratonic basin. This is contemporaneous with the transition up 
section from subsidence dominated by salt solution to suffici- 
ently diminished cratonic subsidence favourable for accumula- 
tion of thick peat sections in stagnant basins. 

This work was supported by the Saskatchewan Department of 
Mineral Resources and the Geological Survey of Canada, 1971— 
77, and is based on a regional exploration programme involving 
the drilling of several thousand boreholes. [ thank J. A. Irvine 
of the Institute of Sedimentary and Petroleum Geology 
(Calgary), and S. H. Whitaker of the Saskatchewan Research 
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Primitive lead in 
an Australian Zn—Pb—Ba deposit 


RADIOACTIVE decay of 8U, 245U and 737Th yields 2°¢Pb, 
Ph, and *°8Pb, respectively, as daughter products. This radi- 
ogenic lead is continually added to common lead in the source 
environments of ore deposits and the lead isotopic ratios of the 
resulling mixture are consequently time dependent. Because the 
relative proportions of these lead isotopes are fixed when the lead, 
common and radiogenic together, is separated from the parental 
uranium and thorium and incorporated into a lead deposit, 
determination of the isotope ratios provides evidence regarding 
the age of the lead ore and thus indirectly of the rock in which the 
ore is contained. Generally speaking. the older the ore the less 
radiogenic will be its lead. We report here analyses of extremely 
primitive lead from a small lead-bearing deposit in Western 
Australia, 

The Big Stubby Zn-Pb-Ba deposits, located 5 km south of 
Marble Bar in the Pilbara Goldfield of Western Australia, have 
recently been described by Reynolds er a/.4 and their similarities 
to the Kuroko deposits have been discussed by Brook!, The 
conformable sulphide-sulphate deposits occur in an Archean 
volcanic sequence consisting of rhyolite breccias, rhyolite, and 
intermediate volcanics. Sphalerite and galena, dispersed within a 
barite gangue, are associated with a chert layer overlying a 
number of small rhyolite domes. The entire volcanic belt is 
intruded by granitic rocks dated at 3,125 + 366 Myr (ref. 3). 

Five individual sulphide lenses are known at Big Stubby but 
only one, the "A’ Lens, has been systematically drilled where the 
best intersection is 4.27 m of 0.34% Cu, 4.5% Pb. 25.0%; Zn, 
1.071 g Ag per tonne and 15%; Ba. Four intersections have been 
made in the ‘A’ Lens over a length of 500 m and the average grade 
is 0.26%, Cu, 4.6% Pb, 16.5%, Zn, 533 g Ag per tonne and 17° Ba. 

lt should be noted that the largest known barite deposits in 
Western Australia occur only 40 km WNW of Big Stubby and 


Table I Lead isotope analysis of galena samples from Big Stubby 
aad mnie cnn tier mnie anA AA anaa anainn eT 


Sample no. £00 Dh (4204p t0? Ph/704Ph 208 Ph/294Ph 
Sp-3523 [1.95 +-0,09 13.7440.10 31.96 -+0.24 
SP-3525 11.97 +0.09 13.74 £0.10 31.93 +0.24 
SP-3527 11.93 +0.09 13.69 +0. 10 31.92 4.0.24 


PATETAN TATAA 

Analyses were performed by Teledyne Isotopes, Inc., under the direc- 
uon of L, Casabona. The data are corrected to absolute values on the basis 
of measured and absolute values for standard lead SRM 9818. The 
approximate 95°, confidence level, based on the analysis of 20 duplicate 
samples, is 0,76%. 
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Fable 2 Average isotopic compositions of lead from Old Star, Letaba and 





Big Stubby 
Deposit 206Ph /204Ph 207 Pb/*°4Pb 208 Pb/2°4Ph Ref, 
Old Star 12.214 13.85] 32.16 5 
Letaba 12.679 14.089 32.51 5 
Big Stubby 11.95 13.72 31.94 This work 
AMMAM ANAIAREN 
have also been described as conformable deposits associated with 


sedimentary chert layers in an Archean volcanic sequence?. 

Lead isotope analysis of three galena samples from Big Stubby 
are shown in Table |. A significant feature of the Big Stubby lead 
is that it is the least radiogenic ‘ore lead’ reported to date, 
although feldspar from the Amitsog gneiss of West Greenland 
contains lead which is even less radiogenic’. It is considerably 
more primitive than lead in galena from carbonate veins in the 
Old Star gold mine, South Africa, previously considered to 
contain the least radiogenic lead>. The same authors report that 
lead from Letaba, a subeconomic strata-bound massive pyritic 
deposit, although more radiogenic than that in the Old Star vein, 
is the least radiogenic found in a conformable deposit. It now 
seems that Big Stubby contains lead more primitive than either of 
these. Furthermore, an average of the Big Stubby data yields a 
model lead age of about 3,500 Myr according to the 
Stacey-~Kramers model?®. 

For comparison, average isotopic compositions of lead from 
Old Star, Letaba and Big Stubby are presented in Table 2. Further 
lead and sulphur isotopic analyses of samples from this ancient 
segment of the earth's lithosphere are underway. 

This article is published with the kind permission of Messrs S. 
H. and M. T. Stubbs of Marble Bar, W.A. and Aquitaine 
Australia Minerals Pty Ltd. 
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East Anatolian 
earthquake of 24 November 1976 


A DESTRUCTIVE earthquake occurred north of Van in East 
Anatolia on 24 November 1976 at 12:22:18.3 GMT (USGS 
epicentre: 39.10°N and 44.02°E ; average magnitude: M, = 7.3). 
The earthquake did extensive damage, destroyed more than 80°, 
of the dwellings in a 2,000 km? area and caused more than 4,000 


trace and the displacement were clearly visible and could be 
mapped for the total length of the fault. Furthermore, any 
precursory phenomena that might have preceded the earthquake 
as perceived by the local residents along the whole fault could be 
investigated. We summarise here the results of extensivg field 
Investigations carried out during the first 10 days immediately 
following the earthquake, and again in July 1977. 

The location of the earthquake relative to major faults and 
earthquake epicentres is shown in Fig. 1. The earthquake is to the 
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Fig. 1 a, Location of the earthquake within the seismotectonic setting of Turkey (inside the box), and b, detailed map of the observed fault trace. 


east of the junction of the North Anatolian and East Anatolian 
Faults. The observed fault trace is to the north of a possible 
southeastern extension of the N. Anatolian fault trace through 
Lake Van. The connection of this earthquake fault with those in 
Iran is not clear, although there are a number of right-handed, 
strike-slip faults in Iran (branches of the North Tabriz fault) 
extending toward the Turkish border®. There are young vol- 
canoes in the area and Tendurek, only 20km north of the 
epicentre, has been active in the quaternary period. A more 
detailed description of the geology and tectonics of the region is 
given by Arpat er al.’. 


The fault trace was clearly visible for about 50 km (Figs 1b, 2). 
The motion was almost purely right-lateral, strike-slip. The 
surface trace has a strike of about N 70°W in the central and 
western side and it bends somewhat east of Caldiran and 
continues along an azimuth of about 135°. The surface break is 
more prominent in the central and western sections, and has some 
en-echelon jumps in the east. The fault disappears abruptly under 
mountains in the west. At the eastern end the disappearance is 
gradual. The fault trace splinters and disappears toward the 
Iranian border. The observed horizontal displacements are more 
than 3 m (330-350 cm) in the west, about 250 cm in the central 
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regions and less to the east. The dip is nearly 90°. There are 
vertical displacements with inconsistent direction, generally 
about 50cm, observed locally in several areas. The fault plane 
solution gives a right-handed, strike-slip source mechanism. The 
photographs in Fig. 2 show the fault trace and clearly document 
the right-handed motion. From the distribution of displacements, 
it seems that faulting may have started close to the west end and 
propagated to the east. The reported duration of severe shaking in 
Van was about 17s, consistent with a fault length of about 
50-60 km. 

Seismic moment and stress drop can be calculated from the field 
observations. Taking the fault length L = 55 km, assuming fault 
width W = 1/3 L and the average observed displacement 
D = 250 cm, and rigidity p = 4x 10'' dyncem~?, the seismic 
moment is M = 1.0 10?’ dyn cm. The stress drop calculated 
using a strike-slip model is Ag = 35 bar. Comparing this value 
with those of other earthquakes, we find that the stress drop falls 
within the general range of those inter-plate earthquakes*. The 
observed displacements and calculated stress drop, however, are 
high as compared with some other strike-slip earthquakes. The 
relatively young age of the fault and the recent basalt flows across 
which the fault cuts may be responsible for this deviation. 

There were no instruments in the area except for a seismoscope 
in Van, about 90 km to the south-west of the epicentre. A county 
centre, however, (Caldiran) and about 20 villages were located 
directly on the fault trace. The reports from these and‘ other 
affected villagers were gathered (mostly through personal in- 
terviews) regarding the pre- and post-earthquake phenomena. 
The earthquake occurred at 2:22 p.m. local time. Most villagers 
raise livestock. About half the people were outdoors tending 
their herds. Because of high regional elevations, the weather was 
already cold and in the western end, the ground was covered with 
snow, 

There were no foreshocks felt along the fault zone before tne 
main shock on 24 November 1976. In two villages along the 
western half of the fault trace, where displacements were highest, 
noises resembling thunder were heard several times during the 
week preceding the quake. These could have been due to small 
foreshocks, even though the shaking was not felt. In the village of 
Hidirmenteg, directly on the fault trace and where it cuts the lake, 
there were reports of noises coming from the lake (foreshocks, gas 
release, microfracturing?) during the same period. There was no 
observable change in water level before the earthquake. 

There was one reported case of change in ground water activity 
before the earthquake: in the village of Yukarigiilderen, near the 
eastern end of the fault trace, discharge from a spring increased. 
Also associated with this increase was seepage of oil that covered 
the water surface. There are cases of oil seepage in this general 
area. 

After the earthquake, major changes in ground water con- 
ditions were noticed both near the fault trace and on the southern 
side. Some springs became muddy and stayed so for days. A few 
springs dried on the north side of the fault and a well went dry in 
the south. At Tuzla, 50 km south of the fault trace, discharge from 
the salt spring increased by a factor of 20 immediately after the 
earthquake and it was three times normal a week later. The north 
shore of Lake Van was uplifted relative to the south shore by 
about 16 cm. The southward tilting of the lake was most likely co- 
seismic, but a deformation before the earthquake cannot be ruled 
out. 

Behaviour of domestic and farm animals before the 
earthquake was investigated extensively by interviewing many 
villagers and shepherds. In this primarily ranching area, there are 
cattle, sheep, goats, horses and dogs. The animals are housed in 
barns adjacent to the houses, although at the time of the 
earthquake most were outdoors. We inquired in widely 
scattered villages along the fault zone. There were no confirmed 
observations of unusual behaviour of farm animals, outdoors or 
indoors, before the earthquake. There was one report of animal 
restlessness in a village on the western end of the fault that 
reportedly lasted for months before and after the quake. This was 
not observed at neighbouring villages. The barking and howling 








l Be ENa 
Fig. 2 Photographs of the fault trace observed immediately after the 
earthquake. a, The fault trace photographed from a distance. b, The 
right-handed displacement is any visible by the 250-cm offset of a 

itch. 

dogs were widely reported in a number of villages located on the 

west, central and eastern parts of the fault. The reported timing, 

however, of these events varied from a few minutes to a few hours 
before the earthquake. 

Since there had been no major earthquakes in this region for a 
few generations, the villagers in general had no ideas or precon- 
ceptions about earthquakes. We believe that the reports we 
received were unbiased. There was no wide-scale abnormal 
behaviour of farm animals before the earthquake, except possibly 
for the behaviour of dogs. Physical precursors were definitely 
observed before the earthquake. 
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Timing of continental 
growth and emergence 


HARGRAVES’ has proposed that the separation of the 
primordial shells of the earth into continents and oceans 
began only about 3,700 Myr ago and continued through 
most of Precambrian time, with the result that the bulk 
of the continents as we know them today did not emerge 
from the sea until 1,400-1,000 Myr ago. Here I review 
geological and geochemical data that indicate that the 
growth and emergence of the bulk of the present-day 
continents took place in or by 2,500+200 Myr ago. 

There are many estimates of the thickness that the 
continents had reached by the late Archaean. First, 
studies of mineral assemblages and chemistry correlated 
with experimental data on 3,000 Myr high-grade rocks 
from Greenland, Scotland, Africa and India suggest they 
formed at depths of 30-50km (refs 2-5) and, because 
the Moho is 35-40km beneath them, the Archaean 
crust in these regions was probably at least of the order 
of 65-80km_ thick’ (this discounts the unattractive 
alternative of subsequent sialic underplating to make 
up the difference), comparable to the continental crust 
today in the Andes. These calculations are not surprising 
if the major period of crustal growth took place in the late 
Archaean by Cordilleran plate margin activity’’”. Extensive 
thickening of the crust in the late Archaean could have been 
effected by a combination of thrust-nappe stacking and 
magma addition™™™. Second, for greenstone belts mostly in 
North America, Condie* calculated crustal thicknesses pri- 
marily in the range of 20-30 km from Rb-Sr data, and of 20 
km from K:O-SiO, data. Potash and Rb-Sr indices of 
granitic rocks suggest crustal thicknesses equal to or more 
than 30 km at the time of granite emplacement late in the 
evolution of the greenstone belts. Consideration of the 
spacing between volcanic centres in the Abitibi belt 
in relation to the known dependence of modern volcano 
spacings on crustal thickness gives an Archaean crustal 
thickness of 35-45km (ref. 11). In comparison with the 
thickness estimates from the high-grade regions these values 
are consistent with formation of greenstone belts in some 
primitive form of marginal basin environment’. In spite 
of various problems connected with the interpretation of 
geobarometry, the above estimates suggest that the major 
stage of crustal fractionation was completed by the end of 
the Archaean. 

There are many reasons for regarding the Archaean— 
Proterozoic time boundary (some 2,500+200 Myr ago) as 
the most important turning point in the evolution of the 
continents"”"*; it represents the changeover from a per- 
mobile regime to a platform-geosynclinal style of tectonics 
that begins to show strong similarities with that of modern 
times. Indications of the new-found stability of the 
early Proterozoic continents include the intrusion of 
transcontinental basic dyke swarms, and the first appear- 
ance of alkaline complexes, kimberlites, carbonatites and 
aulacogens that extend from continental margins into 
the interior of stable plates. But the best evidence of the 
widespread emergence of stable cratons in the early 
Proterozoic is the appearance of miogeoclines and geo- 
synclines with the first recognisable continental margin 
sequences. 

Many Archaean cratons are bordered, or partly under- 
lain, by early Proterozoic sedimentary basins—an indica- 
tion that the cratons were positive emergent areas 
bordered by shorelines in the early Proterozoic. One of 
the besf-documented studies of craton-basin relations is 
by Hunter”, who has followed the development of basins 
in the Kaapvaal craton of southern Africa from about 
3,300 to 1,850Myr ago. He showed that the rates 
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of vertical movement of the basins decreased with time, 
which is consistent with the observed increase in volume 
of finer clastics and non-clastics in successively younger 
basins, and also estimated the percentage increase in 
inundation of the Kaapvaal craton by shallow Proterozoic 
seas, which took place by episodic regressions and trans- 
gressions. The data indicate that the craton was an 
emergent area more in the Archaean than the Proterozoic, 
the peak of continental emergence being reached between 
3,350 and 3,000 Myr ago. Exposed mountains were 
gradually eroded during the Proterozoic, increasing the 
availability of sialic clastic debris and enabling increasing 
transgressions by epicontinental seas. This picture is at 
variance with the proposals that the Archaean continents 
were submerged beneath a globe-encircling sea, that 
the height of mountains increased during the Proterozoic, 
and that continental emergence did not take place on a 
substantial scale until after 1,400 Myr ago in the late 
Proterozoic’. 





Table 1 Some early Proterozoic geosynclines and basins in the 
North American Shield 


Abbreviation Thickness 
Succession on Fig. Í (km) Ref. 
Huronian Supergroup H ~12.0 19 
Animikie Group T 19 
Coronation Geosyncline : 10.7 20 
Circum-Ungava Geosyncline CU > 18.0 21 
Ramah Group, Labrador R 1.7 22 
Baffin Geosyncline B ? 23 
Chibougamau Group CB LJ 24 
Wollaston Lake Fold Belt W ? 21 
Thompson Fold Belt T ? 21 
Hurwitz Group (Kaminak 
Subprovince) K 4.0 2] 
Medicine Bow Mountains, 
Wyoming M 8.0 24 


Hunter's data are echoed in a more general way by 
Watson’s'* review of vertical movements during the Pro- 
terozoic. She concludes that erosion of Archaean cratons 
down to the present level of exposure was completed 
in periods of no more than 300 or 400 Myr after their 
stabilisation, and that the cratons typically underwent 
very limited vertical movements after about 2,000 Myr 
ago. 

The North American shield contains a large number 
of early Proterozoic geosynclines and basins (in the 
Aphebian age range, 2,560-1,800 Myr), some of which 
are shown in Table | (see also Fig. 1). 

These Aphebian successions, many of which are un- 
conformable, overlie or border Archaean cratons for 
a minimum total length of 8,000km (Fig. 1). Besides 
iron formations and dolomites the sediments consist pre- 
dominantly of clastic conglomerates, quartzites, siltstones, 
shales and sandstones. It is evident that over the whole 
shield Archaean mountains were being eroded to provide 
great thicknesses of terrigenous clastic debris in the 
early Proterozoic’*”. The WHuronian 1s a miogeoclinal 
sequence containing craton-derived sediments on the south 
side of the Superior Province’ The Coronation Geo- 
syncline has a stratigraphy and structure that so faith- 
fully mirrors that of modern Cordilleran successions that 
it is highly likely that modern-style plate tectonics began 
by the early Proterozoic”. The Circum—Ungava Geosyn- 
cline probably formed in a narrow ocean or rift that 
was closed by continent~continent collision”. The North 
American successions are no doubt only remnants that 
were once more extensive. but, nevertheless, they are 
sufficient indication that the bulk of the Archaean shield 
was undergoing uplift and emergence in the early Pro- 
terozoic. 
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Fig. 1 Early Proterozoic geosynclines in the North American 
Shield. For abbreviations see Kaie 1. Compiled from refs 21, 
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There are well-known comparable early Proterozoic 
successions on all other continents, which abound in 
clastics and which indicate that Archaean cratons the 
world over were being highly eroded and many were 
at or near sea level by the early Proterozoic. 

Rb-Sr and Pb-U isotope systematics yield information 
on the timing of fractionation of continental crust. For 
example, the growth of the strontium isotope ratio with 
time and the variable intercepts with the primary growth 
curve in the lead isotope system may be used to distinguish 
juvenile addition or accretion of mantle-derived material 
to the continental crust from rejuvenation or reworking 
of continental basement’. Table 2 shows estimates of 
the percentages of present-day continental crust formed 
by the late Archaean. 

These values agree with estimates, based on areas of 
rock distribution, that at least 50% of North America” 
and Africa” were in existence by 2,500 Myr ago. If 50% 
of the volume of the present continental crust was formed 
by about 2,500 Myr ago it is possible that the continents 
have been growing more or less linearly during geological 
history’. There is increasing evidence, however, that 
the growth of the present-day continents, both in terms 
of surface area and thickness, was probably almost com- 
plete by 2,500 Myr ago (see below). 

The model strontium isotope curve for the evolution 
of seawater shows a marked increase about 2,600 Myr ago, 
which is consistent with a major stage of crustal 
fractionation at that time”. 

The factors of continental area and thickness, and 
the evidence of early (Archaean) crustal thickening and 
of early (late Archaean) emergence of continents above 
sea level, are interrelated. This interdependence is well 
illustrated by the conclusions of Wise of freeboard 
(elevation of continents with respect to sea level) as a 
function of time: (1) the continents have had at least 


cn mt E 
Table 2 Estimated percentages of continental crust formed by 
the late Archaean 


% Of present-day Time by which Ref. 
Isotopes continents % was formed 
Pb-U Most 2,500 30 
Pb & Sr Almost all 2,500 31 
Rb-Sr Almost all 2,700-2,500 32 
Rb-Sr 67 2,700-1,800 33 
Rb-Sr 50 2,900-2,500 28 
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90% of their present thickness for a minimum of 2,500 Myr. 
(2) There has been isostatic balance (constant freeboard) 
between oceanic and continental crusts throughout the 
Proterozoic and Phanerozoic, that is continental and 
oceanic volumes and areas have not changed significantly 
in this time span. 

This picture is supported in particular by Watson’s™ 
conclusion about the lack of vertical movement of 
Archaean cratons for the last 2,000 Myr, and by the 
fact that the present thickness of continental crust in 
belts reworked at different times throughout the last 
2,500 Myr is constant (38-40 km range) and independent 
of age”. 

Isostatic modelling’ shows that a 30-km_ thick crust 
can support ideally mountains that rise 2 km above 
sea level. Because there is widespread evidence that the 
continental crust had reached such a thickness by the 
late Archaean, it can be supposed that there were 2 km 
high mountains at that time in greenstone belt country— 
a likely result of vertical movement at a rate of 
0.27 km Myr (ref. 17)—and even higher mountains above 
granulite-eneiss belts. Erosion of such elevated continents 
may account for the high proportion of immature sedi- 
ments (arkoses and greywackes) in late Archaean green- 
stone belt sequences, the recycling of which during later 
geological time contributed to more mature detrital sedi- 
ments (shales, sandstones and quartzites)**’”. 

In Phanerozoic time continental fragmentation was 
accompanied by transgressions, and continental assembly 
by regressions’; it has long been known that the periods 
immediately following the formation of the Caledonian, 
Herecynian and Alpine fold belts were characterised by 
regressions”. In the mid-late Archaean the most intense 
period of ‘orogenesis’ and continental growth in earth 
history most likely resulted in the assembly of a large 
number of small plates (because of a greater ridge and 
subduction zone length) into more extensive, thick and 
stable plates by the early Proterozoic’’’*. Because 
regression follows orogeny and accompanies continental 
assembly, the Archaean—Proterozoic boundary probably 
marks a period of profound regression followed, in the 
early Proterozoic, by widespread transgression that led 
to the formation of thick carbonate banks (for example, 
Coronation and Mount Isa Geosynclines) and miogeo- 
clines (for example, Huronian Supergroup and the West- 
ern Labrador Trough). 

BRIAN F. WINDLEY 
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Alcohol retards visual recovery 
from glare by hampering target acquisition 


ADAMS and Brown! showed that relatively small doses of 
alcohol produced “large, significant, dose-related increases 
in the time required to recover foveal contrast sensitivity 
following bright light exposure”. As this effect of alcohol may 
be directly related to industrial and to car driving safety?, we set 
out to ascertain its precise origin. Adams and Brown concluded 
tentatively that the alcohol exerted its effect at the retinal level. 
The experiments presented here, however, implicate non- 
retinal mechanisms, as alcohol delays recovery from glare only 
when observers have difficulty localising or fixating the test 
stimulus. 

The first part of our study was a replication of the Adams 
and Brown experiment. Our subjects were four male college 
students with normal (6/6) or corrected-to-normal visual 
acuity. On separate days subjects ingested either alcohol 
(1.0 ml per kg body weight) or placebo. The two treatments 
were given in random order. The alcohol dose was 95 °% ethanol 
diluted 2:1 with fruit drink so that the total volume (ml) was 
three times the subject’s weight (kg). The placebo was an 
equivalent volume of fruit drink alone. The drink was consumed 
in 20 min from a paper cup containing two ice cubes. In addi- 
tion, 2 drops each of ethanol and eucalyptus oil were placed 
on the lid of the cup to minimise olfactory cues to the presence 
of alcohol’. 

Details of stimulus presentation are given in Fig. 1. Subjects 
practiced the detection task to achieve stable performance at 
the beginning of each experimental session; they then were 
tested before drinking, and 30, 75, 150, 240, and 330 min after 
drinking. At each of these times, three sets of measurements 
were taken with 5 min allowed between sets to allow complete 
recovery from the adapting luminance level. The session always 
started in the early afternoon, and subjects were instructed to 
eat lunch beforehand. 

As expected, alcohol produced large, significant increases in 
the time required to recover foveal contrast sensitivity. In 
particular, as Fig. 1 shows, the difference between recovery 
times with and without alcohol is maximum at the sampling 
time 75 min after ingestion and declines thereafter, and is most 
pronounced at low target contrasts. Analysis of variance 
(ANOVA) indicates that the depicted interaction between dose, 
time, and contrast level is statistically significant (P < 0.001, 
d.f. == 20, 60). 

A simple but trivial explanation of the results of Adams and 
Brown and of our replication would be that following alcohol 
ingestion observers become more cautious about reporting the 
visibility of the fest target, thereby spuriously increasing re- 
covery times™t, We decided therefore to use a methodology® 
which could discriminate alcohol-induced changes in sensitivity 
from changes in criterion (that is, willingness to report). 

Using the same apparatus as before but without a glare 
source, we tested seven male college students. On half of the 
2-s trials the small flickering test spot actually was presented; 
on the remaining trials no spot was presented. The subject's 
task was to respond either ‘yes’ (a test spot had been presented) 
or ‘no’. With each subject, 500 trials were run at various spot 
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Fig. 1 a, The stimulus configuration of the 8.6 x 


markers on a background of luminance 24.8 cd m~*. In the 
actual experiment, the glare field was located direii above 
the test field, which was at eye level. At the beginning of each 
measurement session, the subject fixated with his left eye the 
centre of the circular adapting (glare) field. The right eye was 
covered with a patch, and fixation was aided by four thin 
diagonally-orientated reference lines. Immediately after a 60-s 
exposure to the high intensity glare source, and with the eye- 
patch still in place, the subject looked directly below (straight 
ahead) and fixated the centre of the test field on which a test 
spot was presented intermittently (125-ms flashes at 4 Hz). The 
contrast of the test spot was under the experimenter’s control. 
When the subject indicated orally that he saw the spot at the 
highest contrast level, the experimenter rotated a filter wheel one 
notch, reducing the target contrast a further step below the 
subject’s threshold. When the subject’s contrast sensitivity had 
recovered enough to restore the test spot to detectability, the spot 
contrast was reduced again. The time taken to recover to each 
of five predetermined contrast levels (0.72, 0.48, 0.33, 0.27, and 
0.24) was obtained. These levels were chosen to give approxi- 
mately equal intervals between each recovery point. 4, Inter- 
action of alcohol, contrast, and time for the first experiment. 
Each point is the mean difference (s) between recovery time 
with alcohol and recovery time with the placebo. Data from 
four subjects. 


contrasts. Subjects were tested either following ingestion of 
alcohol (dose identical to that used before) or following 
ingestion of the placebo. Intermittent tests were carried out 
30-140 min after ingestion, when glare recovery was most 
seriously retarded in our original experiment. The conditional 
probabilities of ‘yes’ responses in the presence of a test spot and 
‘yes’ responses in the absence of a test spot were used to 
estimate® the observer’s response criterion (8). Analysis of 
variance indicated no significant alcohol-induced changes in B 
(P > 0.50). 

With response bias eliminated as an explanation, we sought 
to identify the source of the alcohol-induced delay in glare 
recovery times more precisely. Four new subjects participated 
in an experiment identical in every respect to our first, except 
that three sets of eye movement measurements (before, during, 
and after exposure to the glare) were taken every 15 min for 
135 min following the 20-min drinking period. Standard 
electrooculographic® (EOG) methods produced records of eye 
position as a function of time. The resolution of our recordings 
was approximately one degree of visual angle. 

With or without alcohol, very little eye movement occurred 
either before or during exposure to the glare source. But 
immediately after the 60 s of high intensity glare, there were 
many eye movements as if subjects ‘hunted’ for the flashing 
spot within the test field; after alcohol ingestion the eye move- 
ments were larger and more frequent. These eye movement 
patterns suggested that alcohol might combine with glare to 
prolong recovery time by impeding the subject's attempts to 
localise and fixate the target. Localisation would be hampered 
if alcohol ingestion were to disturb the subject’s memory of 
precisely where the target would appear. Steady fixation would 
be hampered if alcohol were to impair control of the extraocular 
muscles’. Irregular visual fixation could produce enough 
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uncertainty about the target’s spatial location to reduce its 
detectability“. 

Three of the four subjects who participated in our original 
study were available for two additional experiments. In the 
first, the test spot locus was circumscribed by a small, dark 
circle, 12.5-arc min diameter. Thecircle was of high contrast, and 
clearly visible immediately after glare exposure even though the 
flashing test spot within was not. As a result, the subject would 
not have to remember where the target might appear thereby 
aiding target localisation. Details of the experimental design 
and procedure were as in the original experiment, except that 
the test spot luminance was three times that of the spot in the 
original experiment. In a second experiment, the test spot was 
enlarged (100-arc min diameter) to fill the entire area between 
the arrow reference marks (Fig. 1). Consequently, no matter 
where between the arrows the subject looked, his fixation would 
fall on some part of the flashing test spot. Enlarging the area 
of the test spot reduced its maximum luminance; to compensate, 
we reduced the background luminance to 0.89 cd m~*. In both 
these experiments, as before, glare recovery was measured with 
spots whose contrasts covered a range of 0.5 log units; a single 
set of five measurements was made before, and 30, 90, 150 
and 210 min after drink ingestion. 

As shown by Fig. 2, the effect of alcohol on recovery from 
glare was greatly reduced when either the small test spot was 
circumscribed by a clearly defined circle or the test spot was 
enlarged. With the enlarged test spot, no effects involving 
alcohol were statistically significant (ANOVA, all P > 0.5). 
This is what would beexpected if the alcohol-induced retardation 
of glare recovery in our original experiment had been partly 
caused by an unsteadiness of fixation which the enlarged test 
spot rendered unimportant. The contrast independent elevation 
shown in Fig. 2 is not statistically significant (P > 0.80) and 
is due to greatly increased recovery times for just one subject. 
With the small, circumscribed test spot, one effect involving 
alcohol (the interaction of alcohol and contrast) was significant 
(P <0.03, d.f. = 4, 8), due mainly to the increased recovery 
time at the lowest contrast level. This reduced effect of alcohol 
would be expected if in our original experiment alcohol had 
made subjects unsure about the location of the target and if the 
easily seen, high-contrast circle in the present experiment had 
made them less unsure. The small residual effect of alcohol may 
reflect difficulty in maintaining precise fixation following 
alcohol consumption, a problem that would be less critical 
with the enlarged spot. 

Our experiments confirm that ingestion of alcohol causes a 


Fig. 2 Mean difference (s) between recovery time with alcoho! 
and recovery time with the placebo. Data are shown for all five 
contrast levels and for all three glare experiments. The data 
have been normalised in both this figure and in all analyses of 
variance to produce 47.52-s average recovery time for each 
subject (the average for the origina! experiment). Only the data 
from those subjects who participated in all three experiments 
are shown. Data shown were collected at those times following 
alcohol ingestion which should have produced the largest effect 
of alcohol: 75 min for the original experiment (@), 90 min for 
the large spot (1), and 90 min for the circumscribed spot (A). 
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loss of visual sensitivity following glare. But non-retinal 
processes are primarily responsible for the effect of alcohol on 
glare recovery. We emphasise that the non-retinal original of 
this alcohol-induced visual disability does not lessen its potential 
for adversely affecting driving and related visual tasks. On the 
contrary, uncertainty about the location’ of possible targets 
imposes an inescapable reduction of visual sensitivity of any 
driver: if alcohol either retards a driver’s target acquisition® or 
causes him to mislocalise the target!’, visibility necessarily will 
be reduced and his ability to respond to the target impaired. 
Moreover, we cannot rule out the possibility that in driving, the 
effect of alcohol that we studied can sum with other, previously 
identified perceptual consequences of alcohol ingestion”. 
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Visual discrimination between small 
objects and large textured backgrounds 


THe remarkable ability of certain higher order insect visual 
neurones to discriminate between movement of a small object 
or target and a large textured background has been clearly 
demonstrated by Palka? and O'Shea and Fraser-Rowell*. In 
addition, movement of a large textured background such as a 
windmill pattern is inhibitory to detection of motion of a small 
target by this neurone, known as the descending contralateral 
movement detector (DCMD). The response of this identifiable 
neurone to motion of small objects is inhibited by rotation of 
the windmill pattern over a specific range of high spatial 
frequencies of the pattern, but is augmented by low spatial 
frequencies in the pattern. For this neurone we have guanti- 
tatively determined the spatial frequency at which the effect of 
the windmill pattern becomes inhibitory. 

The DCMD is a visual interneurone in the ventral nerve cord 
which is excitatory to motor neurones involved in jumping. It 
originates in the protocerebrum where it receives excitatory 
input through an electrical synapse from the LGMD (lobular 
giant movement detector) which has a dendritic field in the 
shape of a fan across the entire lobula. The LGMD receives at 
least two kinds of inhibitory inputs: lateral inhibition on 
neurones peripheral to the fan of dendrites, and inhibitory input 
proximal to the convergence of the fan of dendrites (post- 
convergence inhibition)®4. The post-convergence inhibition 
samples activity across the entire visual field but is effective 
only for higher velocities?! of patterns than used in these 
experiments, ° 

Responses of the DCMD in Schistocerca gregaria were 
obtained by conventional methods?. The receptive field of the 
DCMD is approximately a hemisphere, and motion detection 
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does not depend on the direction of motion®:*. The region of 
greatest sensitivity lies along the equator posterior to the 
animal’s transverse plane, and it is primarily this region which 
was tested in these experiments. Two visual stimuli were 
presented. One, an approximately 5° (in visual angle subtended 
at the cornea) light disk which is occluded by a moving edge, 
yields a large sustained train of spikes over the entire time 


EERE | 


Fig. 1 Sets of PST histograms demonstrating inhibition of small 
target response by radial grating pattern. This set of histograms 
is to be viewed in sequential groups of three traces. R refers to 
rotation of the radial grating pattern only, T refers to motion 
of the edge in the small disk only, and RT refers to simultaneous 
grating pattern rotation and edge motion. Radial gratings are 
of 90 black and white stripes of equal angular width (a), 40 
stripes (b), 20 stripes (c) and 10 stripes (d). This figure shows, 
for 90, 40 and 20 stripes, that the excitatory response to the 
motion of the small target alone (traces T) precedes the in- 
hibition due to the simultaneous radial grating rotation (traces 
RT). In the second trace from the top (a) marks 
inhibition occurring at the falloff of response to small target 
motion, Patterns and disk are adjacent along the equator with 
disk posterior, and are 9 inches from the cornea; the radial 
grating subtends 37° visual angle and the disk 5.6°. Time of 
initiation of motion is shown by small vertical bar near centre, 
below each trace, so that spontaneous activity is seen to the left: 
motion terminates at end of record. Each trace represents 17 
trials, and the T and RT are interleaved with 30 s interstimulus 
interval (ISI). The R are a separate run with 30 s ISI. Experi- 
ment of 21 February 1976, light surround (see Fig. 2); order of 
T/RT was 90, 20, 10, 40 stripes; order of R was 10, 40, 20, 90; 
time bar 100 ms; vertical scale 59 spikes per s; sustained baseline 
is O spikes per s. 
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course of motion of the edge. The other, a large circular radial 
grating pattern (windmill pattern) of an adjustable number of 
alternating black and white stripes of equal width which is 
rotated about its centre, yields a burst of spikes only on initiation 
of rotation regardless of velocity. 

In Fig. 1 the post-stimulus time (PST) histograms are shown 
for a typical experiment to illustrate the nature of the inhibition 
in time. For these experiments the clearest distinction between 
small objects and large backgrounds can be made in the spatial 
frequency domain. The spatial frequency spectrum of an 
intensity pattern is given by the Fourier transform of that 
pattern. This calculation shows that the magnitude of the 
spatial frequency spectrum of the radial grating pattern has a 
minimum sensible spatial frequency of approximately 0.85F and 
peak spectrum spatial frequency of 1.09F, where F is the single 
number spatial frequency geometrically calculated as I/L, L 
being the angular distance subtended by one stripe cycle at the 
outermost edge of the pattern. In Fig. 2 this geometric value of 
F has been used, which represents the 25° of peak spectrum 
point. (Note: in ref. 7, page 336, the value 0.85F erroneously 
reads 1.3F, and 1.09F erroneously reads 1.64F.) 

The spatial frequency components of the moving edge in the 
small disk are predominantly at low spatial frequencies, which 
is complementary to the situation for the radial grating pattern. 

In Fig. 2 the inhibition / of the response to the small target 
caused by the radial grating pattern is plotted as a function of 
F, the nominal minimum spatial frequency of the radial grating. 
Since the curve is positive for F greater than 0.05 cycles per degree 
the radial grafting is inhibitory when all of its spatial frequency 
components lie above 0.05 cycles per degree. When any of its 
components lie below 0.05 cycles per degree the radial grating 
becomes excitatory to the response to the small target, as the 
curve there is negative. The peak of the curve lies at about 0.2 
cycles per degree which ts thus approximately the spatial 
frequency of maximum inhibition. The curve falls to zero at 
1.0 cycles per degree because that is the maximum resolvable 
spatial frequency for this animal’. Thus low spatial frequencies 
are excitatory and high spatial frequencies are inhibitory to the 
response to low spatial frequencies, as long as the high spatial 
frequencies are resolved. In Fig. 2 a further difference in the 
DCMD responses elicited by high and low spatial frequency 
stimuli is greater variability to low excitatory spatial frequencies 
than to high ones. At lower spatial frequencies fewer omma- 
tidia are stimulated by a moving pattern so that higher integra- 
tive units have either fewer inputs to average, or are more 
susceptible to their inherent noise. 

A peaked inhibition curve like that of Fig. 2 can be obtained 
with radial grating pattern diameters down to a minimum of 
30° (visual angle). Inhibition could occasionally be found at 
0.2 cycles per degree for radial grating pattern diameters down 
to a minimum of 10°. The conclusion is that the radial grating 
patterns become inhibitory backgrounds at the optimal inhibi- 
tory spatial frequency if their diameter exceeds 10°, but for 
inhibition to occur over a measurable range of spatial frequency 
their diameter must exceed 30°, The inhibition is not uniformly 
dependent on the distance between the radial grating pattern 
and the small target. The inhibition is also not dependent on 
grating rotation velocity below about 300° (pattern plane angle) 
per s. 

A model for the observation that stimuli with predominantly 
high spatial frequency components are inhibitory to those with 
low ones can be based on optic lobe electrophysiology any 
neuroanatomy of locust™® and dipterans!®™, Arnett'® had 
shown that movement of a small contrasting pattern can be 
detected by first order interneurones (monopolar cells), and 
lateral inhibition has been demonstrated in locust optic lobe by 
Horridge ef a/.*, and O'Shea and Fraser-Rowell®:?. A detector 
of high spatial frequencies can be derived by spatial summation 
over the entire visual field of monopolar cell outputs, and a 
detector of primarily low spatial frequencies can be derived by 
spatial summation over the entire field of another set of mono- 
polar cells having lateral inhibitory connections among 
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Fig. 2 Inhibition (/) of response to motion in small disk plotted 
as a function of the lower limit, F (cycles per degree visual angle 
subtended at cornea), of spatial frequency content of the radial 
grating pattern. Inhibition / is defined as (NE -— NIYNE, where 
NE is the number of spikes in the DCMD in response to motion 
in small disk alone, and N/ is the number of spikes in response 
to simultaneous motion in disk and rotation of the radial grating 
pattern. When the number of spikes in response to simultaneous 
motion N/ is greater than NE, inhibition Z becomes negative 
and is, in fact, excitation. In all experiments, these two kinds of 
trials are interleaved to increase stability of the measurement. 
@, Average of means of continuous series of 14 experiments 
12 December 1975-14 February 1976 in completely dark 
surround. ©, Average of means of continuous series of three 
experiments in light surround, 17-21 February 1976, Light 
contmuous dotted line, negative of response to rotation only of 
radial gratings from data of acuity studies of 19727 to show 
acuity limits inhibition at high frequencies. ^, Data of one 
experiment (21 February 1976) in light surround; bars indicate 
+ the sum of standard error of NE and NI; each point is the 
mean of 34 or 68 trials with 30-s ISI and interleaved presentation 
of disk motion trials with simultaneous disk motion and radial 
grating rotation. B, Average of active controls on dark surround 
experiments. |, Average of active controls on light surround 
experiments. V, Active control on single light surround experi- 
ment. (An active control is rotation of the unilluminated radial 
grating with disk motion.) Stimulus parameters: luminance of a 
brighter bar of radial grating, 1,200 Im m~*; dark bar,~0 Im m~?: 

small disk has luminance equivalent to bright bar of radial 
grating; light surround luminance approximately 1.5 lOi 
units below that of bright bar; when the disk is occluded in 
light surround, the occluded portion has the luminance of the 
surround, but the excitatory response is approximately the same 
as in dark surround. The radial grating tangential velocity is 
11° (visual angle) per s for most runs of this figure, or 36° per s 
in pattern plane angle. The velocity of translation of the 
occluding edge ts 12° (visual angle) per s, and the light disk 
subtends 5.6° (visual angle); the radial grating subtends 37° 
(visual angle) for all but a few runs of this figure. In all experi- 
ments except as noted the disk and grating pattern are directly 
adjacent along the equator. 


themselves. In the locust the latter summation would take place 
as excitatory synapses at or before the fan of LGMD dendrites 
in the lobula’ via interneurones from the medulla, and the 
former summation as inhibitory synapses from the first set of 
monopolars on to these interneurones in the medulla, Since the 
LGMD drives the DCMD directly, this model gives for DCMD 
response two separate channels selectively responding to high 
and low spatial frequencies respectively, with an inhibitory 
cross-connection from the high frequency channel to the low 
frequency channel. Further tests of these ideas require probing 
of more peripheral units than the LGMD. 

In vertebrate vision the reduction of retinal sensitivity 
during relative motion of retina and image is known as saccadic 
suppression. The suppressive or inhibitory effect on human 
vision (measured with a low spatial frequency test flash) 
produced by relative motion of gratings'*'* is parallel to the 
above results for the locust DCMD. It is of interest that the 
locust visual system processes high and low spatial frequency 
image information in the same manner as do some perceptual 
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channels of the human visual system. 
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Contribution of stored pre-anthesis 
assimilate to grain yield in wheat and barley 
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RESERVES of assimilate present in wheat and barley crops at 
flowering, and available for later translocation to the grains, 
could buffer grain yield against environmental stresses during 
grain filling. This so-called pre-anthesis assimilate contribution 
to grain yield can be expressed as a percentage of yield (P,). 
Archbold’, and later Thorne®, concluded that P, was small, 
being no more than 20°42, But only one result (12% for irrigated 
wheat at Cambridge?) refers to a crop in the field as distinct 
from plants in pots, and no studies considered the effect of 
stress during grain filling. Recently Gallagher et al.** reported 
substantial contributions: P, averaged 43° over six crops of 
wheat and barley at Nottingham; this amounted to more than 
300 g per m* of dry material in two crops and, in the severe 
drought of 1970, 39°% of total dry matter present at anthesis. 
They assumed, with some supporting evidence from one barley 
crop®, that the pre-anthesis contribution was given by the 
decrease from anthesis to maturity in dry weight of non-grain 
parts of the crop. Jn situ labelling with “CO, of the whole crop 
canopy at frequent intervals before and after anthesis would 
seem to be the least equivocal way of estimating P,. Using this 
method we have determined P, in wheat and barley. It averaged 
only 12% (watered crops) and 22% (droughted crops), and did 
not agree with estimates for the same crops obtained by the 
method of Gallagher et a/.4 

Wheat and barley were grown during 1974-75 at the Centro 
de Investigaciones Agricolas del Noroeste (CIANO) near 
Ciudad Obregon in north-west Mexico. There was no rain and 
crops were either flood irrigated frequently (D or only until 
27th January, about 40 d before anthesis, creating a drought (D) 
regime. Weather and general experimental procedures were as 
described elsewhere’. Grain yields for regime I were high 
(Table 1). Significant differences between D and I in leaf water 
potential arose about 10d before anthesis and then increased 
steadily. There were substantial reductions in yield in regime D, 
especially for the wheat cultivars, which were later in flowering 
(Table 1). 

The canopy labelling with “CO, began oñ 20 February and 
was repeated on separate 1.08 m? portions of the crops every 
7~14d until near maturity. The proportion of total above 
ground “C at maturity found in the grain was slightly greater 
for any given date of labelling in regime D, but was remarkably 
consistent between cultivars and species (Fig. 1). The relation- 
ship of Fig. la agrees with results>®? obtained in nén-crop 
conditions. 

Combining the data of Fig. 1 with information on changes in 
above ground dry weight, P, was estimated to be 12-13 % under 
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frequent irrigation, rising to 27° for droughted wheat (Table 2). 
But in absolute terms (grain dry weight, GDW, in g m~*), it was 
similar for regimes I and D. As a proportion of total dry weight 
at anthesis, GDW, amounted to 8.5% (I) and 11.5% (D). 
Considering that GDW, for barley included the husk, already 
present at anthesis and amounting to 8% (I) and 9° (D) of 
final grain weight, the true contribution of stored pre-anthesis 
assimilate was clearly lower for barley than for wheat. 

The method used to estimate P, in Table 2 assumes that any 
contribution of carbon from roots, or variation in the propor- 
tion of carbon to dry matter in the total crop compared with that 
in the grain, or fluctuations in crop growth rate within the two 
key periods, are of minor importance. On the other hand, 
neglect of the loss of tissue, formed before anthesis, and lost 
during the post-anthesis period could be important. Such 
losses seem to be substantial under irrigation, probably due to 
the saprophytic decay of lower early-formed, and hence 
unlabelled, leaves. A loss of 100 g m~? would seem probable 
(R.A.F., unpublished) under the I regime, and correcting 
ATDW, (TDW, total dry weight) for this would increase G DW 
by 75 g m~? and lower mean P, to 11°4. We have also assumed 
that no assimilate formed before the date of first labelling was 
later transferred to the grain. Inspection of Fig. | shows this 
to be incorrect, but the small total dry weights at first labelling 
mean the amounts of assimilate neglected are small. The transfer 
to the grain of assimilate formed as early as 27 d before anthesis 
(Fig. la) may be associated with the transfer of leaf nitrogen in 
the form of protein. 

Considering this correction to GDW, under regime I, the 
values of GDW, } GDW., agree closely with the observed grain 
yield (Table 2). Also the figure of 13°% for irrigated wheat is 
similar to that of 12°% for an irrigated wheat crop determined 
with “CO, by Lupton®, and to values which can be calculated 
with our procedure from the extensive results of Birecka and 
Dakic-Wlodkowska’, albeit obtained with wheat grown in pots. 
An independent upper estimate of the contribution of pre- 
anthesis assimilate in the case of adjacent irrigated crops of 
Yecora 70 at CIANO is given by the quantity of sugar stored in 
stems at anthesis. This amounted to 50 gm~? (15% stem sugar: 
320 g m~? stem tissue), to which should be added leaf protein 
transfer to the grain, for these purposes set equal to the decrease, 
anthesis to maturity, in leaf lamina dry weight, amounting to 
40 g m~? (200 g m~? of green leaf lamina tissue, 20°% decrease in 
dry weight excluding leaf loss). The total available material 
thus estimated (90 g m~?) agrees well with the value of GDW, 
of Table 2 (69 g m~?). 

Table 2 makes possible a separate estimate of P, based on 
the decline in non-grain dry weight after anthesis (ATD W, less 
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Table 1 Grain yield and yield components in the 1974-75 experiment 
at CIANO, Mexico 





Date of Grain Kernel 
50% yield weight 
Species Cultivar anthesis (g m~?) (mg) 
Frequently watered throughout (D 
Wheat Yecora 70 March 17 639 45 
Ciano 67 March 10 563 43 
Barley CM 67 March 4 609 49 
WI2198 March 6 610 54 
Droughted during grain filling (D) 
Wheat Yecora 70 March 15 293 30 
Ciano 67 March 9 293 32 
Barley CM 67 March 3 363 38 
WI 2198 March 5 349 40 
$.e.m. 18 0.5 
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Plots were sown on 14 December 1974 and received moderate 
fertilisation (75 kgha~!N and 18 kgha™ P). A split plot design 
(main plot = water regime, sub plot = cultivar) with three replica- 
tions was used. Each sub plot was 15 m x 1.8 m. 
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Fig. 1 The fraction at maturity of total crop YC found in the 
grain as a function of the time (d from anthesis) when the "CO, 
was assimilated; a, frequently watered, (1); b, droughted, D; 
Yecora 70 (@), Ciano (A), CM67 (©) and WI 2198 (A). 
NCO, assimilation involved placing a clear polyethylene 
chamber over 1.08 m? of crop. Into the chamber 100 uCi of 
HCO, was introduced. The chamber remained closed and was 
stirred with a fan for 10 min. Labelling was carried out within 
3h of noon, At maturity, a 0.3 m? quadrat was cut from each 
region previously labelled and the specific activity of oven dried 
subsamples were determined by combustion, trapping of the 
HCO, in a liquid scintillation mixture and counting. 


observed GDW), as proposed by Gallagher er a/.4°. But the 
calculation suggests practically zero contribution in all situa- 
tions of Table 2. This has been confirmed for irrigated wheat 
by other experiments with many cultivars at CIANO over 
several years (ref. 10 and R.A.F., unpublished). The apparent 
discrepancy when compared to the “C results of Table 2 
probably arises because the absence of net change in the non- 
grain dry weight after anthesis, does not preclude translocation 
of pre-anthesis assimilate to the grain, balanced by the accumu- 
lation of post-anthesis assimilate in non-grain parts. The fact 
that the fraction of *C in the grain from post-anthesis labelling 
averaged only 0.78 (Fig. 1, Table 2) supports this explanation. 
Also sampling in other irrigated wheat crops at CIANO showed 
that from anthesis to maturity the dry weight of the peduncle 
and chaff increases, while that of the leaves and the remainder 
of the stem decreases. If these latter decreases are taken to 
reflect assimilate translocated to the grain, the contribution 
agrees reasonably well with the 13° value in Table 2. 

Our results point to a smaller value of P, than that reported 
‘by Gallagher er a/.45. Notwithstanding the discussion of the 
preceding paragraph, it is likely that in many situations the 
method of these authors overestimates P,, because the dry 
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Table 2 Estimation of the proportion of grain yield derived from 
pre-anthesis assimilate (P,) 





Frequently watered Droughted 
Variable Wheat Barley Wheat Barley 
Pre-anthesis period 
Start date* 24 15 23 14 
Start TDW t 282 410 282 410 
Anthesis TDW 760 750 610 655 
ATDW, 478 340 328 245 
F, 0.14 0.19 0.24 0.27 
GDW, 64 65 79 67 
Post-anthesis period 

Maturity 

TDW 1,358 1,367 888 1,038 
ATDVW, 598 617 278 383 
F, 0.74 0.75 0.78 0.83 
GDW, 445 465 215 317 

Overall 

GDW,+ 

GDW, 509 530 294 384 
P, 13% 12% aT 7% 
Observed GDW 601 609 293 356 





TDW, total dry weight (gm~*); GDW, grain dry weight (gm~*). 
TDW measured by harvests (0.30 m? quadrat per sub plot) at dates 
corresponding to those when “C labelling was carried out, and by 
harvest (1.80 m? per sub plot) at maturity; anthesis TDW estimated 
by interpolation, and the increase in total dry weigbt during the 
pre-anthesis (ATDW,) and post-anthesis (ATDW,) periods was 
calculated. F, and F, are the average proportions of total crop “C 
at maturity in the grain for labelling in the pre- and post-anthesis 
periods, respectively, and were obtained from Fig. 1. The contribution 
to grain yield of pre-anthesis (GDW,) and post-anthesis (GDW,) 
assimilate in absolute terms (g m~?) are equal to F, x ATDW,, and 
F,xATDW.,, respectively. The pre-anthesis assimilate contribution 
as a percentage (P,) is given by 100xGDW,/(GDW,+GDW,). The 
data were averaged for the two cultivars of each species. 

*Time (d) before anthesis of first “C labelling date. 

tAverage of both water regimes used. 


weight change in non-grain parts includes tissue, principally 
leaves, lost due to decay, wind and so on. At other sites in 
Mexico, P, estimated with this method for various non- 
droughted wheat cultivars ranged from 12 to 98%," and clearly 
increased as site rainfall and disease incidence increased. We 
believe this reflects tissue loss, which even at CLANO with no 
rain or disease amounted to at least 100 g m~*. Consequently 
the results from Nottingham** may have overestimated the 
importance of the pre-anthesis contribution of assimilate to 
grain yield. Even in the most suitable conditions for the ex- 
pression of this contribution in our experiment (well grown 
wheat crops, post-anthesis drought reducing kernel weight 
30%), it amounted to only 27% of final yield or 79 gm~* 
according to the ''C data. 

This work was carried out with the cooperation of the 
International Maize and Wheat Improvement Centre, Mexico, 
and Cornell University. 
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Physiological energetics of cock-crow 


ALTHOUGH much is known about bird song in the 
behavioural context there is no exact information concern- 
ing the efficiency of the communication system itself in 
terms of energy usage. Little attention has been paid to 
study of energy relationships in animal communications. 
The domestic fowl (Gallus domesticus) is a convenient sub- 
ject on which to make physiological measurements of the 
energy involved in sound production, because of its size and 
its readiness to make calls in the laboratory, and because of 
the sheer volume of sound it produces. I have made such 
measurements and report them here. 

Cock-crow is visibly and audibly one of the most vigorous 
and spectacular forms of avian vocalisation. The maximum 
root-mean-square (r.m.s.) sound pressure level attained dur- 
ing the performance is equivalent to a value of 100 dB at a 
distance of 1 m (Fig. 1a). This corresponds to a peak value 
of 103 dB. This very impressive achievement is accompanied 
by enormous rises in air-sac pressure and air flow in the 
trachea (Fig. Ic, d). Pressure rises to 60cm HO = 
6X10'dyncm™ and averages 55cm H:O = 5.5 10* dyn 
em’. Air flow reaches 500 ml s~ and averages ~ 350 mls” 
during the cycle. 

Compared with a normal expiration, these values rep- 
resent increases of ~ 100-fold and 15-fold for pressure and 
flow respectively. This indicates that, concomitant with 
sound production, there is a rise in airway resistance of 
some 6~7-fold. This rise is attributed to a change in the 
configuration of the syrinx, the sound-producing organ, in- 
volving, amongst other things, a narrowing of the syringeal 
lumen by the intruding tympaniform membranes‘”*. In keep- 
ing with this idea, Fig. 1b indicates that the pressure 
changes in the trachea are comparatively small and, there- 
fore, that virtually the whole of the pressure head generated 
in the air sacs is spent during the passage of air through the 
syrinx. 

The fluid energy losses in the syrinx are accounted for 
mainly by frictional dissipation, but also to a lesser extent 
by conversion of a part of the energy into the mechanical 
vibration of the external tympaniform membranes, and 
hence into airborne vibrations. It is possible to estimate 
approximately the efficiency of this conversion process, and 
therefore of the effectiveness of the lung air sac-syrinx 
apparatus as an audio-generator, by comparing the total 
fluid energy losses incurred by the effort with the amount 
of sound energy finally produced. The work performed in 
expelling air from the lung air sac system to the atmosphere 
is estimated by measuring graphically the area enclosed by 
the pressure~volume curve during a single crowing cycle 
(Fig. 2d). The volume curve is itself obtained by graphical 
integration of the linearised flow curve. The final figure is 
~3.5 Ws. The duration of the crow is 2s, so the average 
work rate is 1.75 W. This does not, however, represent total 
crowing effort since no account has been taken of the 
internal work of the expiratory muscles lost as contraction 
heat, and the external work done in moving the viscera 
enclosing the air sacs. 

To calculate the sound energy radiated, the sound 
pressure level curve given in Fig. la is first re-drawn as an 
equivalent power curve (0dB = 210°‘ dyn cm™* = 10°" W 
cm?) which is then integrated over the crowing cycle to 
yield the total energy per cm’ (Fig. 3). The resultarft value, 
assuming a maximum r.m.s. sound pressure level of 100 dB, 
works out at ~9x 107’ Ws. This is equivalent to an average 
sound reading throughout the cycle of 95 dB. The total area 
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Fig. la, Average sound pressure 
level, at a distance of 1 m, during 
crow. Recordings were made with 
a Briiel and Kjaer 4161 omni- 0 
directional microphone connected 2 
to a Nagra 1V SJ recorder and 
levels were confirmed by a Briiel 


dyn cm~? x 103 


|» 
and Kjaer 2209 precision sound l l Mm 
level meter. Recordings were | 
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passed through a Grass 7P3 fast 0 

integrator to give a display of the Nea 
sound pressure waveform. Bars 500- 

above indicate division of crowing \ mn AANA 
cycle into sections: Ay, Ag, intro- 420- ) WS Taa 
ductory; B, transitional; C,, ml s~! : = | \ 

plateau; Cy, final kick. b, Pressure 330- | € 

changes in trachea. c, Air-flow o | | | 

rate. The flow meter was im- 230- | | 

planted into the trachea 2cm | 

caudal to the larynx. The calibra- (| ne \ 


tion is nonlinear. d, Pressure 

changes in interclavicular air sac. 

Flow and pressure measurements 40- 

were made with Grass PTS mano- dyn cm~? x 10° 
meters. Scale bar, | s. 


over which the sound is radiated is calculated approxi- 
mately by assuming, as is done in the case of human speech‘, 
that the sound isobars are arranged in front of the mouth 
as concentric hemispheres. At a distance of 1 m, the total 
area Of such a hemisphere is ~6X10* cm’; therefore, the 
total energy radiating from the mouth is ~9x10°7* 6x 10° 
W s= ~0.054 Ws. The average sound power is therefore 
6.054/2=0.027 W or 27 mW. This figure is approximately 
27 times the maximum speech power radiated during very 
loud human conversation’. 

The efficiency of the sound-producing process, measured 
as the ratio of sound to fluid power, is 0.055/3.5 x 100= 
1.6%. The overall efficiency, given in terms of the ratio of 
sound output to total physical exertion measured by. the 
energy consumption of the driving muscles, is less than 


Fig. 2 Calculation of efficiency of sound production process. a, 

Linearised flow wave form. 6, Volume curve obtained by inte- 

gration of (a). c, Air-sac pressure waveform. d, Air-sac pressure- 

volume curve obtained from (c) and (b). The area enclosed by the 

curve gives the fluid work done during a single crowing cycle, 
given by {Pd V = work. 
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1.6% since it also includes on the input side thermodynamic 
energy wastage in the contracting tissue and energy spent 
moving the viscera. 

Songbirds are capable of generating sounds which seem 
to be much louder in proportion to their body size, and 
therefore in proportion to their power resources, than 
chickens (unpublished observations). The efficiency of the 
sound-producing process in these smaller -birds therefore 
seems to be greater. This may be related to well-known 
differences in the structure of the syrinx’, particularly the 
assemblage of intrinsic muscles which the chicken syrinx 
altogether lacks, and which seems to be responsible for 
accurately regulating both the shape of the syrinx and the 
flow of air through it. 

I know of no other estimates of the efficiency of sound 
production of birds. It is, however, interesting to compare 
the figures for the chicken with those given for certain 
insects which use an entirely different mechanism of sound 
production, based on the rubbing of one part of the body 
against another. Crickets of the family Gryllinae can pro- 


Fig. 3 Power curve (—), obtained from sound pressure curve 
(---). The total energy per cm? is obtained by measuring the 
area beneath the power curve. 
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duce 6X 10°? mW of sound with an overall efficiency of 5% 
whilst the mole cricket Gryllotalpa vineae produces 1.2 mW 
with a remarkable efficiency of 30% (ref. 7). These insects 
are clearly more economical in their use of energy than the 
fowl in which the overall efficiency is probably no greater 
than 1%. Nothing definite can be said as to the position 
of songbirds on the efficiency scale, although it seems to be 
greater than 1%. 
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Regeneration of endoderm by 


ectoderm isolated from mouse blastocysts 
CeL determination can be described as the progressive 
restriction in developmental options during embryogenesis’. 
Mouse embryo cells, in particular, remain undetermined 
for a relatively long period, and the fate of cells seems 
to be labile throughout the period of cleavage**. Micro- 
surgical analysis of mouse blastocysts, however, has shown 
that the developmental potential of inner cell mass and 
trophoblast cells becomes restricted during blastocyst 
formation, so that neither of these early cell types retains 
the option of differentiating into the other’. We have 
now investigated whether the primary ectoderm, which 
forms in the inner cell mass on day 5 of gestation*’’, 
retains the option of differentiating into endoderm. We 
found that when ectoderm was isolated from mouse 
blastocysts by immunosurgery’ it could regenerate an 
outer layer of endoderm during further culture. The 
capacity of isolated ectoderm to differentiate into endoderm 
depended both on the initial mass of the embryo and on 
the time that the ectoderm was isolated from the inner 
cell mass. 

Viable ectoderm cells can be isolated from pre- 
implantation mouse embryos by immunosurgery of blasto- 
cysts and thin inner cell masses’'. Ectoderm thus isolated 
and cultured on feeder layers for 1-22 d differentiates into 
mesodermal and ectodermal derivatives, although it does 
not reform visceral endoderm’. But because the develop- 
ment of the inner cell mass in intact blastocysts requires 
a critical mass of tissue’, we investigated the developmental 
potential of ectoderm with increased mass isolated from 
aggregation chimaeras. 

The survival of ectoderms isolated from  chimaeric 
embryos and incubated in our culture conditions depended 
strongly on the number of embryos used to form the 


chimaera (Table 1). Ectoderms isolated from single 
embryos and chimaeras composed of two embryos 
degenerated: most of the ectoderms from. chimaeras 


composed of four embryos survived, although only a few 
of these regenerated an endoderm layer. Most ectoderms 
isolated from chimaeras composed of eight or 10 embryos, 
however, survived and regenerated an outer layer of 
endoderm cells (Table 1, Fig. la, 6). These cells had 
the characteristic apical vacuoles and microvilli of visceral 
endoderm cells (Fig. 2a, b) of mouse embryos in vivo*'’ 
and in vitro’’™. 

Although isolated ectoderms seemed by phase contrast 
microscopy to be essentially free of contaminating endo- 
derm cells, it was possible that some endoderm cells 
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Fig. 1 Regeneration of endoderm by ectoderm isolated from 

chimaeric mouse blastocysts. a, Ectoderm just after immuno- 

surgery of isolated inner cell mass (24 h after late blastocyst 

Stage) (phase contrast, x 310). b, Ectoderm cultured for 48 h after 

immunosurgery. END, endoderm layer. (Phase contrast, 
¿< 310.) 


survived immunosurgery and rapidly proliferated to form 
a new endodermal layer. To determine whether regenerated 
endoderm arose from contaminating endoderm cells, we 
labelled cells after the second immunosurgery' with 
'H-thymidine, and compared the grain counts per nucleus 
in ectoderm and regenerated endoderm after 48h of 
culture (Table 2). The dilution of *H-thymidine labelling 
indicates a turnover time of about 24h for the DNA of 
these cells. Assuming that there is little re-utilisation of 
salvaged DNA", these results indicate a cell-cycle time 
for both ectoderm and endoderm cells in vitro of approxi- 
mately 24h. Therefore there would have to be a substantial 
number of contaminating endoderm cells (about 24) to 
produce the mean number of endoderm cells (96) present 
at 48h (Table 2). We serially sectioned nine ectoderms 
fixed just after immunosurgery and found an average of 
three (0,0,1,1,2,2,3.8 and 10) contaminating endoderm cells 
for each ectoderm. Even these few endoderm cells may 
not have survived, because isolated ectoderms commonly 
lost a few dead outer cells during the 24h following 
immunosurgery. We conclude that there were too few 
viable contaminating endoderm cells to account for the 
final number of regenerated endoderm cells and that both 
the ectoderm and the endoderm present at the end of 
the experiment arose from the ectoderm cell population. 
The time at which ectoderm was isolated from the 





Table 1 Effect of number of embryos in chimaeric blastocysts on 
endoderm regeneration by isolated mouse ectoderm cells 


No. of No. of 
embryos Total degenerated Alive, no  Endoderm 
in chimaera no. ectoderms endoderm ectoderm 
2 14 14 0 0 (0%) 
4 I8 5 11 2 (11%) 
g 19 | 7 11 (57.99%) 
10 31 2 6 23 (74.2% 





Two-cell embryos were obtained from mated Dub:(ICR) mice 
(Flow Laboratories) after superovulation with pregnant mares’ serum 
gonadotropin and human chorionic gonadotropin. They were cultured 
in modified standard egg culture medium as before'*. At the four- to 
eight-cell stage. between two and 10 embryos were aggregated to 
form chimaeras in the presence of phytohaemagglutinin™. At the 
late blastocyst stage (96-h culture from the two-cell stage) inner cell 
masses were isolated by immunosurgery'’’, embryos were incubated 
in rabbit anti-mouse L-cell (NCTC Clone 929) serum (1:1 dilution 
for 25 min) and guinea pig complement (Gibco) (1:5 dilution for 
45 min). Ectoderms were isolated by further immunosurgery after 
inner cell masses had been cultured for another 24h in modified 
Eagle's basal medium!*“ containing 5° foetal calf serum apd 5% 
newborn calf serum. Ectoderms were cultured individually for 
48-72 h in drops of medium, with or without paraffin oil, in bacterio- 
logical Petri dishes (Falcon) to prevent attachment and outgrowth of 
ectodermal cells on the substrate. They were scored for the presence 
of an endodermal! layer under the dissecting microscope (x 140). 
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Table 2 Grain counts on nuclei of *H-thymidine-labelled cells before and after endoderm regeneration 
E teeta a Eaa aAa e A a 


Hours No. of Mean no. of Mean % Mean no. of grains 

Cell type cultured samples cells per sample* labelled per nucleus +s.e.m. 
Ectoderm 0 2 292 74 43.8+2.4 
24 3 192 86 17.7+1.4 
48 2 253 67 9.24+1.5 
Endoderm 24 l 109 6l 15.9+-1.7 
48 3 96 73 9.142.6 


Two-cell embryos were cultured overnight and made into chimaeras (10 embryos each) as described in Table 1. Inner cell masses were obtained 
by immunosurgery from these embryos at the late blastocyst stage; ectoderms were obtained from inner cell masses after 24 h. Ectoderms were 
labelled with *H-thymidine (107? uCi ml-t, specific activity 45 Ci mmol!*') for 4 h, washed and cultured for the designated time before hypotonic 
treatment and fixation in glacial acetic acid and 95°, ethanol (1 : 1) in watch glasses essentially as described. At these concentrations of 
*H-thymidine there was no effect on cell viability®®. Autoradiographic exposure was for 3 d. Endoderm and ectoderm layers were separated 


before fixation by enzyme treatment as before”. 


*These numbers may be underestimates because of losses during separation or fixation. 


inner cell mass by immunosurgery also strongly influenced 
its ability to regenerate endoderm. When ectoderms were 
isolated from inner cell masses 24 or 48h after isolation 
of the inner cell masses from late blastocysts the ectoderms 
regenerated a layer of endoderm. But virtually all ecto- 
derms isolated 72h after isolation of inner cell masses 
from late blastocysts failed to regenerate endoderm, and 
instead they degenerated within 48h of further culture 
(Table 3). 

Our results show that the inner cells of the isolated 


Fig. 2 Thick section of ectoderm before and after endoderm 
regeneration. a, Ectoderm fixed and sectioned just after immuno- 
surgery (24h after late blastocyst stage) (bright field, » 430). 
b, Ectoderm cultured for 48h after immunosurgery. Note 
complete outer layer of endoderm and central cavity contain- 
ing cell debris (bright field, < 430). Ectoderms were isolated from 
chimaeric blastocysts as described in Table 2. Samples were 
fixed in glutaraldehyde and osmium and embedded and sectioned 
as before’. 





mouse inner cell mass—the embryonic ectoderm—retain 
the capacity to differentiate in vitro into endoderm for 
a period well beyond the time that endoderm differentiation 
normally occurs. Because isolated ectoderms in our 
experiments regenerate visceral endoderm 48h after the 
late blastocyst stage, there seems to be a period of at 
least 2d before ectoderm of the mouse inner cell mass 
undergoes any restriction in its developmental fate. 
Although failure of ectoderm to regenerate endoderm 
when isolated after 72h of culture could imply that 
ectoderm itself is sensitive to the immunosurgery and 
culture procedures, we consider this possibility unlikely 
because of the high incidence of development when it is 
isolated at earlier stages (Table 3). We conclude that 
loss of the ability to form visceral endoderm is due to 
a determinative event between 48 and 72h after the late 
blastocyst stage. 

By contrast, the developmental potential of visceral 
endoderm cells seems already to be restricted at the late 
blastocyst stage. Endoderm cells that are transferred to 
host blastocysts colonise only the extra-embryonic regions, 
while ectoderm cells colonise the entire conceptus“. Also, 
visceral endoderm isolated from mouse and rat egg 
cylinders fails to survive when transferred to ectopic 
sites™™, The definitive endoderm of the foetus therefore 
does not seem to arise from the visceral endoderm*”*~”’, 

The major difference between our approach and that 
of others who did not observe endoderm regeneration by 
isolated ectoderms'’’’ was our use of chimaeric embryos 
to increase the mass of the isolated tissues and our 
prevention of ectoderm attachment to substrate. We 
interpreted the disintegration of ectoderms isolated from 
single or paired embryos as an indication that survival 
of functional inner cells requires a critical mass of 
tissue which does not exist once trophoblast and endoderm 
cells are destroyed by immunosurgery. It may be possible, 
however, to circumvent this requirement in part by 





Table 3 Effect of ICM culture time on formation of endoderm by 
isolated ectoderms 





No. of live No. of 
Hours of Total No. of ectoderms  ectoderms 
culture of no. of degenerated without with 
isolated ICM_ ectoderms ectoderms endoderm endoderm 
24 28 0 6 22 
48 14 0 0 14 
72 31 29 | l 





Two cell embryos were cultured overnight and chimaeras 
(10 embryos each) were formed. Inner cell masses (ICM) were 
isolated by immunosurgery from blastocysts (Table 1) and cultured 
for various times before isolation of ectoderm by immunosurgery. 
Growth was scored after 48 or 72h. Data was pooled from three 
experiments, 


Nature Vol. 270 | December 1977 


providing a feeder layer of fibroblasts. The failure of 
ectoderm even from chimaeras of 10 embryos to survive 
isolation after 72h of culture implies either that endoderm 
has an essential, perhaps nutritional function at this time 
or that after losing the ability to form endoderm, ectoderm 
cells must attach to survive or to differentiate further. 
There did not seem to be any obvious morphological 
change in the ectoderm, however, that correlated with 
the loss of ability to regenerate endoderm after 72h in 
culture. After 24h of culture isolated inner cell masses 
have a homogeneous core of ectoderm cells: after 48 and 
72h, the ectoderm has developed into a pseudostratified 
columnar epithelium surrounding a proamniotic cavity. 
The cavity, however, increases from approximately 30 um 
to 100 4m in diameter during this time” (and unpublished 
results). 

In view of our results with mouse ectoderm isolated 
24-72 h after the late blastocyst stage, it seems that the 
ability to form visceral endoderm, a trait shared by clonal 
embryonal carcinoma cells”, is lost at a time (7-8 
equivalent days of gestation) when the embryonic ectoderm 
can still develop into all three definitive germ layers when 
it is transferred to ectopic sites??*, 

We thank Kitty Wu for assistance, and Gail Martin, 
Michael Sherman and Davor Solter for comments. This 
work was supported by the US ERDA. 

RoGer A. PEDERSEN 
Laboratory of Radiobiology and 
Department of Anatomy, 
University of California, 
San Francisco, California 94143 
| AKIKO I. SPINDLE 
Lynn M. Wirey* 
Laboratory of Radiobiology, 
University of California, San Francisco 


Received 8 August; accepted 3 October 1977, 


*Present address: Department of Anatomy. Schoo! of Medicine, 
University of Virginia, Charlottesville, Virginia 22901. 


L Hadorn, E. Brookhaven Symp. Biol. 18, 148-161 (1965), 

2: ae N., Sherman, M. L & Graham, C. J. Embryol. exp. Morph, 28, 263-278 
(1972), 

3. Gardner, R. L. & Rossant, J. in Embryogenesis in Mammals 5-18 (Elsevier, 
Amsterdam, 1976), 

4. Kelly, S.J. in The Early Development of Mammals (eds Balls, M. & Wild, A. E.J 
97-105 (Cambridge University Press, Cambridge, 1975). 

5. Gardner, R. L. J, Embryol. exp. Morph. 28, 279-312 (1972). 

6. Gardner, R. L. & Papaioannou, V. in The Early Development of Mammals 
(eds Balls, M, & Wild, A. E.) 107-132 (Cambridge University Press, Cam- 
bridge, 1975). 

7. Rossant, J. J. Embryol. exp. Morph. 33, 979-990 (1975}; 33, 991-1001 (1974). 

8. Snell, G. D. & Stevens, L, C. in Biology of the Laboratory Mouse 2nd edn 
(ed. Green E, L.) 205-245 (McGraw Hill, New York, 1966). 

9, Wiley, L. & Pedersen, R. A. J. exp. Zool. 200, 389--402 (1977), 

10, Soker, D. & Knowles, B. Proc. natn. Acad. Sci. U.S.A. 72, 5099-5102 (1975). 

Ht. Strickland, S., Reich, E. & Sherman, M., L Celj 9, 231-240 (1976). 

12. Hogan, B. & Tilly, R, Nature 265, 626-629 (1977), l 

13. Snow, M. H. L. J, Embryol. exp. Morph. 35, 81-86 (1976), 

14. Goldstein, L. S., Spindle, A. L & Pedersen, R. A. Radiat. Res. 62, 276-287 (1975). 

15. Mintz, B., Gearhart, J. D. & Guymont. A. O. Devi Biol St, 195-199 (1973). 

16. Spindle, A. 1, & Pedersen, R. A. J. exp. Zaal. 186, 305-318 (1973). 

7. a Damjanov, I. & Skreb, N. Z. Anat. Entwickl. Gesch. 132, 291-298 

18. Soker, D., Biczysko, W., Pienkowski, M. & Koprowski, H, Anat. Rec, 180, 
263-280 (1974). 

19. Cleaver, J.E. Thymidine Metabolism and Cell Kinetics 203-207 (North-Holland, 
Amsterdam, 1967), l 

20. Tarkowski, A, K. Cytogenetics 5, 394-400 (1966), 

21. Levak-Svajger, B. & Svajger, A. Experientia 27, 683-684 (1971): J. Embryol. 
exp. Morph, 32, 445-459 (1974). 

22. Diwan, S, B. & Stevens, L. C. J. natn. Cancer Inst. 57, 937-942 (1976), 

23. Grobstein, C. J. exp. Zool, 119, 355-479 (1952), 

24. Martin, G., Wiley, L. M. & Damjanov, |. Devi Biol. Gn the press). 

25. Kelly, 8. J. & Rossant, J. J. Embryol, exp. Morph. 35, 95-106 (1976), 

26. Whiley L. M., Spindle, A. I, & Pedersen, R. A. Devi Biol. (in the press). 


SETTET ETETE 
Non-metastasising variants selected 
from metastasising melanoma cells 


THE cell surface may be involved in the metastatic process of 
cancer cells’. To determine whether membrane properties in- 
fluence or reflect the metastasising capacity, it is essential to 
have metastasising and non-metastasising variants of the same 
tumour, Lectins which bind specifically to surface carbo- 
hydrates* have been used successfully as selective agents to 
obtain cells with membrane carbohydrate alterations? *, We 
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Table 1 /n vitro characterisation of melanoma variants 











Surviving  °<Agelutina- % WGA 
Cells Selection colonies* tiont binding? 
F-} se 97 100 
Wa-2 2nd 10 85 80 
Wa-3 3rd 50 66 69 
Wa-4 4th > 200 24 62 


*Surviving colonies growing out from 2 x 10° cells following incu- 
bation for 10 d in selective medium (100 pg mi~ WGA in Eagle’s 
minimal essential. medium supplemented with 10% foetal calf serum) 
and 2 weeks in normal medium without WGA. 

TNo. of agglutinated cells/no. of total cells x 100%, following 
incubation of | x 10* cells per mi with 10 pe WGA per ml for 5 min 
at room temperature’, 

tF-1 control cells (100° binding) bound 275.5 c.p.m. per pg cell 
protein after 5 min of incubation of 1 « 10® cells per ml with 5 ug 
‘*91-WGA per ml at 4 °C (specific activity 4.8 x 10° c.p.m, per ug WGA 
-supplied by A. Rapin). 


have selected variants of melanoma cells for surface differences 
in using toxic concentrations of lectins in the hope that such 
variants would exhibit different metastasising capacities. We 
report here the isolation of variants from metastasising mela- 
noma cells resistant to toxic concentrations of wheat germ 
agglutinin (WGA). These variants show reduced to a loss of 
metastasising capacity and altered surface properties. 

Mouse B-16 melanoma cells (adapted to grow in tissue 
culture®; supplied by Dr I. J. Fidler, designated as F-1) were 
maintained in tissue culture for 10d in selective medium con- 
taining WGA at 100 ug mi~, The WGA-containing medium 
was then replaced with normal medium and the surviving cells 
were allowed to grow into discrete colonies in the ensuing 2-3 
weeks. All of the resulting six individual colonies were isolated 
as clones. One of these six clones was further subjected to the 
same selection procedure successively to produce first Wa-2, 
then Wa-3 and Wa-4 clones. Table 1 shows that with each 
additional selection, more cells survived the selective pressure. 
This increased resistance to the toxic effects of WGA was 
clearly confirmed in Fig. 1 which compares the growth rates of 
the parental line F-1 and one of the Wa-4 lines in different 
concentrations of WGA. 

The metastasising capacity was tested by injecting 5 x 104 
cells intraperitoneally (i.p.) and scoring the resulting tumours 
in various organs 2-3 weeks later. All animals developed peri- 
toneal tumour masses with ascites and died within 2-4 weeks of 
injection. Parental cells metastasised in 92° of the animals to 
mediastinal and mesenteric lymph nodes, and in 58 % to liver, 
kidneys and lungs, as shown in Table 2. In contrast, Wa-2 cells 
showed a greatly decreased metastasising capacity, while 
Wa-3 and Wa-4 cells failed to metastasise at all. 

Tumorigenicity was tested by injecting 2 x 10° cells intra- 
venously (i.v.) and 2-3 weeks later examining the tumour 
nodules in the lungs, generally the only site where tumours 
developed after i.v. injection. With successive WGA selections, 
the metastasising capacity of the variants decreased before 
tumorigenicity was reduced (Wa-2) while tumorigenicity began 
to decrease only at the point where no metastases could be 
detected (Wa-3 and Wa-4) (Table 2). This decreased tumori- 
genicity was further confirmed by injecting the tumour cells 
subcutaneously to eliminate the possible complicating factors 
affecting the survival of circulating tumour cells. Preliminary 
experiments showing the same pattern in nude mice rule out the 
possibility that the decreased tumorigenicity was simply due to 
an alteration in histocompatibility antigens. 

Substantial differences in growth rates could influence the 
results of assays for tumorigenicity and metastasising capacity. 
But, although in vivo growth rates have not yet been assessed, all 
cell lines showed similar growth rates in tissue culture, with 
generation times in the range 14-16 h (Fig. 1). 

Some of the surface properties of the variants were shown to 
be different from the parental cells as reflected by a substantial 
decrease in agglutinability with WGA (Table 1). In addition, 
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Cells x 107? per dish 


I 2 3 4 5 
Time in culture (d) 


Fig. 1 Growth curves of parental and variant melanoma cell lines 
in the presence of WGA. Parental F-1 (©) and a Wa-4 variant (@) 
were grown in 0 (= ==} 33 (——), 50 C>) and 75 pg WGA 
per m! (---.-.) in Eagle's minimal essential medium with 10% 
foetal calf serum on 10 mmx35 mm Falcon plastic culture 
dishes. WGA was added on day 1. Cells were removed daily 
with trypsin-EDTA and counted in Coulter counter. Each point 
represents the average value of duplicate dishes. 


a decrease in lectin binding was also observed with some lines 
(Table 1). 

The original metastasising line provided by Fidler and the 
completely non-metastasising variants described here display a 
maximal difference in metastasising capacity, while they exhibit 
no significant difference in growth rates in vitro. A detailed study 
of such lines should shed some light on the basic mechanisms 
underlying the process of metastasis. 

By successively passing the B-16 cells through the lungs of 
the animals, Fidler® established lines showing a five- to tenfold 
increase in metastasising capacity which was defined in his 
experiment as the number of pulmonary nodules developed 
after i.v. injection of the tumour cells. Efforts to find surface 
differences with these lines have been rather disappointing’. 
This could have been because the quantitative difference in 
metastasising capacity may not have been large enough to allow 
the detection of biochemical alterations. 

Comparison of the properties of metastasising and non- 
metastasising variants showed metastasising cells to be invasive, 
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Table 2 Metastasising capacity and tumorigenicity of melanoma 





variants 
Cells Metastasising capacity* Tumorigenicityt 
Lymph nodes Other organs 
F- 24/26 15/26 50/50 
Wa-2 5/10 0/10 15/15 
Wa-3 0/16 0/16 12/14 
Wa-4 0/16 0/16 23/32 





*No. of animals showing metastases per total no. of animals tested 
followiitg i.p. injection of 5 x 10' cells. Lymph nodes: mediastinal and 
mesenteric. Other organs: liver, adrenal glands, kidneys and lungs in 
this order of frequency. 

+No. of animals showing tumours per total no. of animals tested 
after injection of 2 10° cells into the tail vein. 
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where the non-metastasising variants were not invasive. The 
following preliminary observations were further noted. The non- 
metastasising variants displayed the greater homotypic adhesion. 
With successive WGA selection, there seemed to be a gradual 
increase in the organisation of some of the microskeletal 
elements, from the parental line showing disorganised pattern 
to Wa-4 lines showing well organised stress fibres. Peptide 
patterns seen with slab gel electrophoresis following surface 
labelling were basically similar for the different cell types with 
the exception of one or two bands which were diminished in 
the non-metastasising variants. 

We thank J. Jenkins and K. Vogel for technical assistance 
and A. Matter (Hoffmann La Roche) for providing mice. This 
work was supported by a Swiss National Foundation grant 
(3.720.76). 
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Activation of complement by 
variant-specific surface 
antigen of Trypanosoma brucei 


ANTICOMPLEMENT factors have been shown to occur in certain 
parasitic infections of man and animals. Hammerberg et al.’ 
demonstrated the presence of a factor from Taenia taeniaeformis 
capable of activating complement through the alternate pathway. 
Similar findings have been reported for a substance in the 
cercarial coat of Schistosoma mansoni*. In trypanosomiasis, no 
such parasitic activity has been reported although hypo- 
complementaemia has been recognised as a consistent feature of 
the disease. Marked reductions in complement C4 and C3 were 
observed in infections with Trypanosoma lewisi*, Tr. rhodesiense* 
and Tr. congolense*. One possible mechanism is that the decrease 
of these complement components results from activation by 
antigen-antibody complexes. Deposits of immunoglobulins and 
complement have been demonstrated in kidneys of mice infected 
with Trypanosoma brucei®’ and monkeys infected with Tr. 
rhodesiense*. We present here evidence for an alternative mech- 
anism operating through direct activation of human complement, 
via the classical pathway, by an isolated variant-specific surface 
antigen of Tr. brucei. 

Tr. brucei grown in normal rats was isolated from infected 
blood using the method of Lanham®. In an initial experiment four 
preparations were used. The first fraction contained live trypano- 
somes; the second fixed parasites (1% formalin) and the third and 
fourth were 12,000g (30 min) supernatant and pellet fractions 
from trypanosomes sonicated on ice for | min. All these fractions 
were tested for the ability to activate human complement in a 
haemolytic assay’. The results showed that each of the four 
fractions depressed the provided CHso (CHs5, 50° haemolytic 
dose) by at least 40%, (Table 1). Decomplementation also occur- 
red when bovine or rat serum was used as the source of 
complement. Similar supernatant and pellet fractions derived 
from Tr. congolense were also active (Table 1). Since these 
preparations may have contained antigen-antibody complexes, 
analogous fractions were derived from cloned organisms grown 
in lethally-irradiated mice (900 R) and tested as before. The 
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Table 1 Ability of various preparations from Tr. brucei and Tr. 
congolense to depress complement activity 
“, Consumption of 
Parasite Preparation CH<o per mi 

Tr. brucei Live 57 
Formalised 53 
Supernatant 4l 
Pellet 58 
Tr. congolense Supernatant 47 
Pellet 52 





Each preparation used in the assays was derived from 4 x 10” parasites 
and contained in 0.2 ml of veronal-buffered saline. Human serum, 
obtained from normal donors, was adjusted to provide approximately 
10 CHso per ml, One ml of the diluted serum was mixed with each fraction 
or buffer and incubated for I h at 37 °C. After incubation the particulate 
substances were removed by centrifugation and the residual complement 
titre (CHs9 per ml) determined according to the method of Rapp and 
Borsos”. Sheep cells, sensitised with rabbit haemolysin, were used at a 
concentration of 2.5 x 10*® per ml. 


results were similar, indicating that the observed utilisation of 
complement was independent of immune complexes. 

The results obtained using the supernatant fraction suggested 
that the variant antigen, a major soluble glycoprotein, could be 
involved. To examine this hypothesis a variant specific surface 
antigen from Tr. brucei, clone 052, was prepared using the method 
of Cross'®. The parasites were grown from a stabilate in lethally- 
irradiated mice, followed by passage for 2-3 d in normal rats and 
then isolated. The purified glycoprotein had a pl of 6.9 and ran as 
a single band of 64,000 apparent molecular weight in sodium 
dodecyl sulphate (SDS)-7.5°. polyacrylamide gels. These values 
are in agreement with published data'®. No host proteins were 
detected in the preparation by immunodiffusion. This variant 
antigen, tested in a haemolytic assay as before, caused extensive 
decomplementation using as little as 50pug protein. A 
dose-response curve indicated that the decomplementation was a 
logarithmic function of the amount of protein added (Fig. 1). 
Bearing in mind the extensive differences postulated among Tr. 
brucei surface antigens'®, a second variant antigen from clone 055 
was tested. This glycoprotein was also active, 

A further series of experiments was performed to determine the 
mode of activation of complement. It has been shown by Fine et 
al.'' that, since the classical and properdin pathways of comple- 
ment activation have different cation requirements (calcium and 
magnesium for the former and only magnesium for the latter), 
EDTA and EGTA may be used to distinguish between the two. 
EDTA chelates both Ca** and Mg?* ions while EGTA binds 
Ca°** effectively but has little affinity for Mg?*. In the following 
experiment, 270 ug of the purified antigen were incubated, for | h 
at 37 °C, with | ml of normal human serum (NHS, approximately 
320 CHso per ml) made 10mM with either EDTA or EGTA. The 
residual complement activity was measured as before. The results 
showed that there was no decomplementation in the presence of 
these chelators, suggesting that activation of complement pro- 
ceeds by the classical pathway. But. a particulate fraction (1.2 mg 
protein) prepared from the same clone and tested similarly, 
depressed complement activity by 72%; in the presence of EGTA. 
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Fig.l A sample of Imi of diluted normal human serum 


(IOCH:o mi” '), was incubated with various amounts of the variant 

antigen, or buffer, for | h at 37°C. The residual haemolytic titre 

(CHsa ml” ') was determined using the method of Rapp and 
Borsos”. 


This would indicate the presence, in the trypanosome, of another 
factor capable of activating the alternate pathway. 

To confirm the results obtained using specific metal chelators, 
Cl, C4, C2 and C3 activities were measured. The variant antigen 
was incubated with normal human serum and the residual 
activities of these individual components estimated using meth- 
ods described by Rapp and Borsos’. The titres were calculated as 
the number of effective molecules per ml of the individual 
component being assayed’. The results showed preferential util- 
isation of Cl, C4 and C2, with only a moderate change in C3, 
indicating classical pathway of activation (Table 2). 

To test the ability of the variant antigen to cause permeability 
changes in the skin normal female rats, shaved over the dorsal 
region were given 0.5 ml of 1% brilliant blue R 10 min before 
intradermal inoculation of 20 ug of the variant antigen, histamine 
(5 ug), or buffer. Marked extravasation of dye occurred within 
10 min at sites inoculated with variant antigen or histamine. 
Control sites showed only minimal extravasation of the dye at the 
site of needle trauma. Administration of an antihistamine (mep- 
yramine maleate 30mg per kg body weight), before the in- 
tradermal inoculations completely abolished the reaction to 
histamine and to variant antigen. These results suggested that 
varlant antigen mediated production of anaphylotoxins had 
occurred. 

Our observations indicate that complement activation by 
variant antigen, possibly released during the destruction of 
trypanosomes at each parasitaemic wave, might be an important 
contributory factor in depression of complement levels in man'? 


eeanntraeranettcrarereneansantrmmesmttnettretnmnesnntetinennanemareementnnnteitiitininitcsimetrnit AA a R 


Table? Consumption of some individual complement components in normal human serum incubated with a variant antigen of Tr. brucei . 


Effective 
Component molecules Cellular 
assayed provided intermediate 
Ci PARI = EACS4hu* 
C4 48x 10)? EAC lgpt 
C2 5.0% 108 EAC gpthu 
C3 14x 10l! EAC gp4hu 


Source of other 


components . “9 consumption 
C2hu.ep C-EDTA 0.04 M 61 
C2hu.gp C-EDTA 0,04 M 95 
gp C-EDTA 0.04 M 90 
C2.5,6,7hu i] 
C8,9.gp 
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Normal human serum was diluted with gelatin-veronal buffer containing 0.0015 M Ca? 


a ae 


and 0.0005 M Mg?* to provide the above effective molecules 


of individual components. One ml was incubated with 270 yg of the variant antigen. or buffer alone, for | h at 37 °C. The residual activities of individual 
components were then assayed using cellular intermediates and functionally pure components from Cordis Laboratories, Miami. The cellular 


intermediates were used at a concentration of | x 10* cells per ml. 
*hu, Human. 
tgp. guinea pig. 
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and in animals suffering from trypanosomiasis. Since recent 
experiments have shown that complement is essential in anti- 
body~ mediated destruction of trypanosomes!?, the hypo- 
complementaemic state resulting from the activation would 
favour the survival of the parasites. 

Papamichail e¢ a/.'* and others have shown that complement 
plays a part in antibody production to thymus-dependent anti- 

; . i 
gens. Whether or not trypanosome antigens are thymus- 
dependent is uncertain. But, such low complement levels are likely 
to affect the antibody response of the host to trypanosome 
antigens. 

Finally, evidence of increased vascular permeability in the form 
of perivascular oedema and swelling and degeneration of vessel 
walls, is a consistent pathological finding in animals infected with 
Tr. brucei’ *!® and Tr. congolense'’. While these changes might 
result from antigen-antibody reactions, our observation suggest- 
ing interaction between variant antigen and complement, produc- 
ing a vascular permeability factor, should also be considered as a 
mechanism in the pathogenesis of these and other lesions which 
occur in African trypanosomiasis'®. 

We thank Venny Shitakha, G. W. Mpimbaza and J. Mayanja- 
K atende for technical assistance. 

Note added in proof: Activation of complement unidentified 
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Induction of epidermal transglutaminase | 
by hydrocortisone in chick embryonic skin 


WE demonstrated previously that the epidermal cells of 
chick embryos are induced to differentiate by glucocorti- 
coids'’?. Hydrocortisone (0.01 wg ml”') added to a serum-free 
chemically-defined medium produced an intense keratinised 
layer over the uppermost cells’ and many tonofilaments 
within the basal and intermediate cells’ of the epidermis 
after 4d in culture of 13-d-old embryonic chick tarsometa- 
tarsal skin. Within 12-16 h of hydrocortisone addition it is 
possible to show the synthesis of a urea~mercaptoethanol 
soluble, glycine-rich and metabolically stable epidermal 
structural protein’ and the accumulation of a urea~mercap- 
toethanol insoluble epidermal protein(s)’. These changes of 
protein metabolism induced by hydrocortisone paralleled 
those seen during in ovo keratinisation of the epidermis*”. 
The amino acid composition of the two proteins was very 
similar suggesting that the soluble protein is converted to 
the insoluble one in the process of epidermal keratinisation 
of chick embryonic skin. We show here that the levels of 
transglutaminase (TG), an enzyme that possibly mediates 
cross-linking of keratinous polypeptide chains by a &- 
(y-glutamyl) lysine bondt, increases both during in ovo 
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TG activity (mU per mg protein) 
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development of the epidermis and during hydrocortisone- 
induced in vitro keratinisation of chick embryonic cultured 
skin. 

Table | shows that TG activity in the undifferentiated 
epidermis of 13-d-old embryonic chick skin was only 7 mU 
per mg protein, compared with $3mU per mg protein in 
the heavily keratinised epidermis of 19-d-old embryonic 
chick skin. Furthermore, when 13-d-old embryonic chick 
skin was cultured for 4d in a chemically-defined medium 
with or without hydrocortisone, TG activities of the steroid- 
treated epidermis were 52-107 mU per mg protein, whereas 
the activity in control epidermis was only 3~30mU per mg 
protein. Figure ! shows that after culture for 20h the 
specific activities of TG in the treated epidermis were seven 
times those in control tissue. During the cultivation epider- 
mal TG activities started to rise sharply after incubation 
for 8h in the presence of the steroid. But, when actino- 
mycin D was added at 4ugmil', a concentration that 
blocks more than 99% of RNA synthesis, no increase of 
TG activity was observed, indicating that TG induction by 
hydrocortisone requires RNA synthesis. A similar effect 
was seen with cultured chick embryonic neural retina’; 
hydrocortisone added to the medium induced glutamine 
synthetase followed by in vitro differentiation of the tissue 
and actinomycin D abolished the enzyme induction. Further 
analyses are necessary to clarify whether hydrocortisone 
stimulates the synthesis of TG mRNA in our skin culture; 
however glucocorticoids were reported to induce the syn- 
thesis of specific enzymes through the increased synthesis 
of their mRNA for cultured rat hepatoma cells’ and for rat 
liver? while many other kinds of cells, tissues and organs 
require the steroids for induction or maintenance of their 
differentiated function”. 

it should be noted that hydrocortisone induced TG several 
hours before the induction of soluble epidermal structural 
protein and this earlier increase of the enzyme activity 
coincided exactly with that seen during in ovo development 
of the epidermis (data not shown). These findings suggest 
that the enzyme may be involved in a series of finely 
organised processes of epidermal cell differentiation. But 
more detailed studies are required to test the hypothesis that 
soluble structural proteins are cross-linked or polymerised 
by epidermal TG to insoluble high molecular ones com- 
posing tonofilaments to culminate in keratinisation of 
epidermal cells. One of the problems under study is whether 


Fig. 1 Changes of the specific activities of epidermal trans- 
glutaminase (TG) of 13-d-old chick embryonic skin during the 
cultures in the presence or absence of inducer and suppressor. 
Methods of skin cultivation and TG determination were essen- 
tially as described in Table |. One of the pair-mate explants after 
preculture for 1 d was incubated with hydrocortisone (HC; 0.01 
ug mi~) and the other with the steroid plus actinomycin D 
(Boehringer Manheim; 4 pg mi ~+). W. Epidermal TG activities 
of the skin cultured without HC; @, epidermal TG activities of 
the skin cultured with HC: A, epidermal TG activities of the 
skin cultured with HC plus actinomy in D. Values of each point 
are the mean of duplicated determinations for a pool of five 
sheets of the epidermis. 
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Table 1 Increase of epidermal transglutaminase activities (mU per mg protein) with keratinisation in ovo and in vitro 
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in ovo in vitro 
Undifferentiated epidermis Keratinised epidermis Undifferentiated epidermis Keratinised epidermis 
from 13-d-old embryos from 19-d-old embryos without hydrocortisone with hydrocortisone 
26 : 
Expt I 
| 30 107 
7216)" 53. 4(4)* 
(9 52 
Expt 2 < 
L3 52 


Pair-mate explants from right and left tarsometatarsal regions of | 3-d-old chick embryos were cultured for 4 d ina chemically-defined medium, 
BGJb supplemented with ascorbate, by the Millipore filter~roller-tube method*, One of the pair-mate explants was cultured in the medium 
containing hydrocortisone sodium hemisuccinate (Upjohn) 0.01 ug m! ~, and the other was cultured in medium without the steroid. The 
epidermis of cultured explants and that from the same part of chick embryos in the normal course to hatching were each obtained by incubating 
the skin at 37 C for 10-40 min in Eagle’s minimum essential medium supplemented with 10% calf serum and 900 PU per mi Dispase I (a 
bacterial neutral protease, Godo Shuse!). Crude enzyme preparation from the epidermis was prepared by a modification of the method of 
Ogawa and Goldsmith’. The epidermis was homogenised in 10 mM Tris-acetate (pH 7.5)-1 mM EDTA by the use of a glass homogeniser with 
five strokes at intermediate speed. This and all further operations were at 0-4 “C. The homogenates were centrifuged for 30 min at 12,000g at 
4 °C. The sediments were extracted two additional times in the same manner and the supernatants were combined. The supernatant fluid taken 
in a cellulose tubing (Visking) was concentrated with sucrose. The concentrated supernatant was dialysed against a buffer of 5 mM Tris-acetate 
(pH 7.5) with | mM EDTA. Transglutaminase activity was assayed for the dialysed supernatant as an enzyme preparation by measuring the 
incorporation of [1,4-"'C]putrescine (Radiochemical Centre, Amersham; 60 mCi mmol™') into a-casein (according to Hammarsten; Merck) 
after the method of Goldsmith and Martin’*. The assay mixture contained 0.11 M glycine~NaOH (pH 10.0) with 0.56 mM EDTA, 10 mM 
CaCl,, $ mM dithiothreitol, 9 uM labelled putrescine and 0.15%, casein. Aliquots (0.5 ml)of the assay mixture were added to 100 pl of eachenzyme 
preparation. The mixtures were incubated for 30 min at 37 C. The reaction was stopped by the addition of 0.6 mi of 10° trichloroacetic acid. 
The precipitate was collected on Whatman GF/C filters and the precipitated radioactivity was measured in toluene containing 0.4% 2,5- 
diphenyloxazole (Dotite) and 0.01%, 1,4-bis(2-(5-phenyloxazoly]))-benzene (Dotite) with a Aloka Liquid Scintillation Spectrometer. An enzyme 
unit is defined as the amount of enzyme that catalyses the incorporation of | nmol of putrescine into casein in 30 min. Specific activity is defined 
as enzyme units per mg protein. Protein was measured by the technique of Lowry e7 alt with bovine serum albumin as a standard. Values are 


averages of duplicated determinations for a pool of five sheets of the epidermis. 


*Mean + 


there are much more e- (y-glutamyl) lysine cross-links in the 
insoluble protein than in the soluble protein of the chick 
embryonic epidermis. 
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lonophore-mediated calcium influx effects on 


the post-synaptic muscle fibre membrane 


THe physiological chemotransmitter acetylcholine and its 
structural analogues such as carbamylcholine are capable of 
producing a sustained blockade of neuromuscular transmission 
when applied to the neuromuscular junction for prolonged 
periods. This neuromuscular blockade is not due to a depolarisa- 
tion of the postsynaptic muscle fibre membrane but rather is 
generally ascribed to the inactivation, or ‘desensitisation’ of 
cholinergic receptor molecules in the postsynaptic mem- 
brane!*. Various kinetic models involving agonist, and receptor 





standard error. Figures in parentheses represent the number of separate experiments. 


molecules postulated to exist in different conformational states, 
have been proposed to account for the time course of the 
desensitisation process??. These models do not incorporate the 
acceleration of desensitisation by calcium ions’ and they do 
not predict correctly the observed effects of certain cholinergic 
antagonists on desensitisation. Consequently, alternative models 
for desensitisation have been proposed. In one of them calcium 
ions accumulate at the interior surface of the post-synaptic 
membrane and bind to the cholinergic receptors, thereby 
causing desensitisation by producing or sustaining some inactive 
receptor conformation®, We tested the model for desensitisation 
which involves internal calcium binding. This was accomplished 
by facilitating calcium ion flux across the post-synaptic mem- 
brane using the divalent cation ionophore A23187, while 
simultaneously producing a rapid desensitisation with ionto- 
phoretic application of carbamylcholine. Our results provide 
further evidence that calcium ions are a significant factor in the 
molecular mechanism of desensitisation. 

A23187 is a carboxylic ionophore with high affinity for 
divalent cations and little or no affinity for univalent cations’. 
It is capable of transporting calciuin ions across otherwise 
highly impermeable artificial and biological membranes by an 
essentially electroneutral process*. As a probe in research 
on contractile systems, A23187 has been used to release stored 
calcium from isolated sarcoplasmic reticulum vesicles®:”. 
A23187 has also been reported to increase the twitch tension of 
barnacle muscle fibres without altering the electrical properties 
of the fibre membranes!!. 

Using established single fibre stimulation and recording 
techniques, we investigated the effects of a wide range of A23187 
concentrations on the electrical behaviour of frog (Rana pipiens) 
cutaneous pectoris or sartorius muscles employed in our 
desensitisation experiments. Resting and action potentials were 
recorded at junctional and extra-junctional site$ and in addition, 
miniature end-plate potentials (m.e.ps) were recorded at the 
junctions. 

Because A23187 is only slightly soluble in aqueous media 
such as frog Ringer solution, a stock solution was prepared in 
100%; ethanol and appropriate quantities were added to the 
Ringer solution. Control experiments showed that ethanol, at 
the highest concentrations involved (0.5%), had an insignificant 
effect on the resting potentials, action potentials and m.e.p. 
frequencies recorded from muscle fibres. A small increase in 
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Table 1 Effects of bath-applied A23187 on miniature end-plate 
potential frequency 


A23187 Exposure M.e.p. 
Concentration time frequency No. of 
Expt (iM) (min) (Hz) fibres 
l 0 (control) 0.30 -+0,22* 10 
0.28 Continuous 0.57 4-0.13 12 
2 0 (control) 1.1 -+0,7 6 
0.56 Continuous 1.4 +1.3 6 
3 0 (control) 2.0 +03 10 
3.0 10 4.8 +1.2 1 
4 0 (control) 1.3 --0.6 10 
7.5 5 6.0 -+39 14 





Control solution was HEPES buffered Ringer solution (composi- 
tion: 112.4mM Nat, 2.5mM K+, 1.8mMCa**, H171 mM Ci, 
3.0 mM HEPES buffer; pH, 7.4). A23187 solutions contained 0.02, 
0.04, 0.2 and 0.5% ethanol respectively. 


m.e.p. frequency was obtained when the Ringer solution con- 
tained 1° ethanol: this agrees with published data on the 
effects of alcohol on neuromuscular systems'?'?. [n our 
experiments involving the production of desensitisation the 
alcohol concentration never exceeded 0.04%. Control experi- 
ments showed that at this concentration ethanol had no effect 
on desensitisation. 

Two different methods were used to apply the ionophore 
to the muscle fibres in both electrical behaviour studies and 
desensitisation studies. In the first method A23187 stock solu- 
tion was added to HEPES-buffered Ringer solution (see Table | 
for composition) forming a suspension of the ionophore. After 
making recordings from muscle fibres bathed in ionophore-free 
Ringer solution, the low concentration A23187 solutions were 
continuously bath-applied during which time a second group 
of recordings was obtained. With solutions containing high 
concentrations of A23187 (3-15 uM) application to the 
muscle was limited to a few minutes following which the bath 
was changed to ionophore free Ringer solution and thereafter 
additional recordings were made. This procedure was used to 
avoid production of ‘retraction clots’ and other mechanical 
disturbances presumably caused by an excessive ionophore- 
promoted increase in Ca?+ influx which could lead to activation 
of the contractile system. 

Many fibres exposed to A23187 for 5-10 min atconcentrations 
above 8 uM contracted irreversibly (formed retraction clots) 
and others twitched spontaneously for several minutes after 
the ionophore was removed from the bath. Retraction clots were 
also produced in fibres perfused with 6 M to 8uM A23187 
solutions. 

In the second method of applying the A23187, a quantity 
of the ionophore stock solution was added to calcium-free Ringer 
solution. A small region of a muscle immersed in ordinary Ringer 
solution was then microperfused with the Ca-free A23187 
solution for 1-2 min. Recordings were made at the perfusion 
sites after allowing the ordinary Ringer solution to diffuse back 
into the ionophore treated region. This perfusion method was 
used in order to avoid mechanical artefacts (see above). 

From bath application experiments we found that A23187, 
at concentrations below 1.6 uM, had no effect on the muscle 
fibre resting and action potentials. With cells loaded at higher 
ionophore concentrations (up to 15 uM the resting potentials 
were slightly diminished and the action potentials showed 
reduced rates of rise and fall. Statistical analysis, however, 
indicated that these differences are of doubtful significance, 
in contrast with the marked effects observed in experiments 
utilisipg the divalent cation ionophore X537A (ref. 14). 

All of the A23187 solutions used in our experiments caused 
some increase in m.e.p. frequency; typical values are given in 
Table 1. The smallincrease from 1.1 to 1.4s~' at 0.56 uM A23187 
is not statistically significant, but the differences do become 
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significant at the higher tonophore concentrations. Often, with 
A23187 applied at high concentrations (bath or perfusion), 
prolonged high frequency bursts (showers) of m.e.ps were 
observed, followed by decreased frequencies below control 
levels. 

The above findings indicated that A23187 functioned as an 
electroneutral calcium ionophore in the skeletal muscle pre- 
parations, since calcium ion influx triggers both quantal release 
of acetylcholine from nerve terminals +° and activates the con- 
tractile mechanism in muscle fibres’*. Further support for this 
conclusion was obtained when perfusion of 6 uM A23187 
solution (Ca**~—free) failed to produce either retraction clots or 
increased m.e.p. frequencies in fibres bathed in Ringer solution 
in which the Ca?* had been replaced with Mg?*, 

Desensitisation experiments were performed using constant 
current iontophoretic pulses of carbamylcholine!’. The applied 
current pulses flowing through the tontophoretic micropipette 
and the corresponding evoked membrane potential changes 
were monitored continuously. Endplate regions of high sensi- 
tivity to the agonist were first located using single 5-10 ms dura- 
tion rontophoretic pulses giving approximately 1 mV depolarisa- 
tion responses, thus avoiding any preliminary desensitisation 
effects'™. Trains of tontophoretic pulses ranging from 0.4 s 
duration at 1.0 Hz to 1.0s at 0.5 Hz were then generated. 

During delivery of the first few iontophoretic pulses, the 
evoked membrane potential changes produced by the applied 
carbamylcholine generally increased in amplitude over the 


Table 2 Desensitisation half-times, t,,., for frog skeletal muscle 
exposed to A23187 


NaHS HREM AMIR tt EEN RARE ARRAY PATA Tama rAr h beter baer afl yh rnd eraa: ARERR RRMA 


Resting 
Fibre potential (mV) A mas (MV)§ AV; (mV) Tra (S) 
1, Control* 8H 14.5 8.8 11.5 
1, Perfusedt 83 15.0 9.2 8.0 
2, Control 85 9.5 5.6 16.0 
2, Perfusedt 87 10.6 2.0 12.0 
3, Control 89 0.6 0.4 10.4 
3, Perfusedt 85 0.6 0.4 4.2 
4, Control 84 2.9 2.9 ~~] 
4, Perfused? 88 3.5 22 15.0 
5, Control 92 6.3 3.5 12.0 
5, Perfusedt 92 4.2 1.0 7.0 
6, Control 85 23.8 12.6 13.7 
6, Batht 90 20.0 13.7 8.2 
7, Control 85 36.5 32.5 12.7 
7, Batht 87 16.0 10.6 7.9 
8, Control 87 9,0 6.0 19.0 
8, Bathý 88 10.0 4.0 10.5 
9, Control 83 7.5 6.0 25.0 
9, Bath? 86 Ee 5.0 15.0 
10, Control 83 10.0 48 12.0 
10, Bath? 85 11.2 8.5 8.5 
11, Control 85 11.2 8.0 11.5 
Ll, Batht 88 12.0 6.2 7.5 
Means 
Control 86 12.0 8.3 14.4 
Experimental! 87 10.4 5.7 8.9 


*Ringer solution contains 1.8 mM Ca?* all fibres below bathed in 
Ringer solution containing 3.6 mM Ca®*. 

tAfter the control period, the fibre was perfused with 2.4 uM 
A23187 solution (Ca** -free ethanol--0.16°) for 1 to 2 min; recordings 
were then repeated 10 to 15 min after perfusion. 

tAfter the control period, 0.56 uM A23187 (0.04%; ethanol) was 
bath applied to the fibre and recordings were repeated in the presence 
of the ionophore after waiting 30 to 60 min. 

§Maximum depolarisation pulse amplitude (see Fig. 1). 

(Final (steady-state) depolarisation pulse amplitude (see Fig. 1). 

{No desensitisation. 


Nature Vol. 270 1 December 1977 

first few pulses to a maximum, AV,,,, then declined in ampli- 
tude to a final steady response AV, as illustrated in Fig. 1. 
The phenomenon of increasing AV amplitudes which occurs 
with the first few iontophoretic pulses is not an artefact but 
represents a physiological potentiation phenomenon':”°. The 
decline in evoked potential amplitude which, occurred after the 
maximum response was obtained, indicated that desensitisation 
was in progress. The time qt, for these depolarisations to 
decline fromAV,,,, to 4 (AV,,,, > AV,;)was taken as a measure 
of the desensitisation rate. Comparisons of control and iono- 
phore treated fibres were made only between recordings taken 
at the same postjunctional location on a given fibre because 
under control conditions there has been found to be a 
large variation in desensitisation rates amongst endplates from 
the same muscle?*. 

The results of these desensitisation experiments, presented 
in Table 2, demonstrated that very low concentrations of 
A23187 accelerated the desensitisation rate by 30°, to 60°. 
For example, the desensitisation half time for fibre 1, which was 
11.5 s in the control, decreased to 8.0 s after perfusion with 
2.4 uM A23187 solution. Apparently A23187 did not alter the 
sensitivity of the fibres to carbamylcholine, because following 
its application inconsequential random changes in the value of 
AV ma, Occurred. Direct measurement of endplate sensitivities, 
determined as membrane response in mV nC™! of applied 
iontophoretic drug, confirmed this conclusion. Thus A23187 
did not promote desensitisation by direct antagonistic inter- 
action with the cholinergic receptors. 

From the data we and others have obtained showing that 
A23187 carries calcium ions across excitable membranes, it 
could be concluded that the substantial acceleration of 
desensitisation by the ionophore was due to its action in increas- 
ing calcium ion influx both in the resting and the carbamylcho- 
line activated postsynaptic membrane. We wondered what 
increase in intracellular calcium concentration would be 
produced by the action of A23187 alone. The concentrations of 
A23187 used in the desensitisation experiments were well below 
those at which retraction clots or changes in the electrical 
characteristics of the excitable membrane were produced. Thus 
if the minimal concentration of Ca** required to activate the 
contractile mechanism*' is 10~* M then one might conclude that 
the [(Ca**],; in these ionophore loaded fibres was less than 10-* M 
before development of desensitisation by application of 
carbamylcholine. 

Although the ionophore produced increase in [Ca**], seems too 
be small, its effect become evident during application of 
Fig. 1 Typical membrane depolarisations, AV, produced during 
iontophoretic application of a 1 Hz train of 0.7 s constant 
current carbamylcholine pulses to the muscle postjunctional 
membrane. Note the early facilitation followed by later developing 
desensitisation. Calibrations: ordinate 0.5 mV_ per division. 
abscissa 5 s per division. 
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desensitising iontophoretic pulses of carbamylcholine which 
further increase Ca** influx across the posyunctional mem- 
brane. We attempted to calculate the increase in [Ca**]; resulting 
from the action of A23187 alone but the value obtained was 
clearly too high and we attributed this apparently erroneous 
result to the many questionable assumptions involved in the 
calculation. 

In the above speculations it is tacitly assumed that the influx- 
ing Ca** ions are free to distribute themselves in the adjacent 
intracellular fluid. As suggested earlier®, however. the possibility 
exists that during production of receptor desensitisation 
influxing Ca** ions become bound to anionic sites on the interior 
surface of the postjunctional membrane and also accumulate 
in the intracellular fluid immediately adjacent to this membrane. 
In this model a relatively small amount of influxing Ca** could 
produce a substantial localised increase in calcium concentra- 
tion. Such a localised increase in calcium would not necessarily 
cause a retraction clot because, as can be seen in electron 
micrographs, the intracellular region immediately adjacent to 
the postjunctional membrane does not contain contractile 
elements and in addition, some of the intracellular calcium 
would not be free. 

The effect of the increase in [Ca**], produced by A23187 
becomes evident during application of desensitising ionoto- 
phoretic pulses of carbamylcholine to the postjunctional 
membrane which further increase Ca?* influx. We suppose that 
Ca** ions exert some positive cooperative action in stabilising 
an inactive receptor state, or a closed ion channel conformation. 
Binding studies with purified acetylcholine receptor (AChR) 
have shown that ACh receptor has a fairly high affinity for 
Ca** and that Ca** influences the affinity of ACh receptor for 
cholinergic agonists??-%, If we assume that the agonist- 
receptor complex goes spontaneously through a series of active 
and then inactive states, a small localised increase in Ca?! 
might maintain an ever increasing number of receptors in a 
complex but inactive state. 
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Does ionophore A23187 mediate Na 
transport in the absence of divalent cations? 


THE divalent cation-selective ionophore A23187 is known 
to form complexes with monovalent cations’, but it is not 
clear whether such complexes actually translocate across 
biological membranes. In the absence of Ca and Mg, the 
ionophore can transport K across the mitochondrial 
membrane in a manner reminiscent of the nigericin class 
of ionophores’. From spectrofluorometric and bulk organic 
phase partition data’, Pfeiffer and Lardy concluded 
that Na binds to the ionophore better than K 
(Li > > Na > K = O) and it is surprising that no observa- 
tions of this Na form of the ionophore crossing biological 
membranes have been reported. We have used a recently 
developed method’ designed to study the effect of intra- 
cellular Mg on the various ion fluxes mediated by the 
Na pump, and we report here that intact human red 
cells incubated in buffered isotonic NaCl media containing 
EDTA, no added divalent cations and the ionophore 
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Fig. 1 Effect of the ionophore A23187 on the uptake of sodium 
by intact red cells at various Mg concentrations. Red 
cells from 2-d-old bank blood were washed in Tris-buffered 
isotonic saline and resuspended at a haematocrit of 10% in a 
medium initially containing NaCl 150 mM, Tris-HCl 10 mM 
(pH 7.7 at 37°C), Tris-EGTA 0.01 mM, Tris-EDTA 2 mM and 
ouabain 10-4 M. The suspension was divided into six equal parts 
and MgCl, was added from a concentrated stock solution 
(0.8 M) to give the initial total concentrations reported here 
([Mg],'=°). Values. of [Mgh =" were (mM): ©, 0; @, 0.5; 
A, 1.0: aA, 1.5; 0, 2.1; W., Control (no ionophore). At 7 = 0, 
Sul of absolute ethanol containing | mg ml~! of ionophore 
A23187 were added (arrow) per ml of suspension during vigorous 
magnetic stirring (at 37 °C). Samples of 1 ml were taken at the 
indicated times. The cells were centrifuged and washed three 
times with d0 volumes of ice-cold Tris-buffered choline chloride 
solution. Na and K were determined by flame photometry. 
Concertrations are expressed in mmol per Í original cell volume. 
The initial concentration of K in the cells was 89.8 + 1.4 and the 
final concentration was between 87.5 and 88.6 in the controls 
and high-Mg conditions and between 81.6 and 84.5 at the lowest 
Mg concentrations. 
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Table 1 Effect of A23187 on unidirectional fluxes of “Na in the 
presence or absence of Mg in low-Na media 





Na fluxes 
lonophore [Mg?*]; (mmol per } cells per h) 
Medium A23187 (M) Influx Efflux 
K. == ~ 3.2 x107 0.2104-0.014  0.836--0.009 
Choline ri aw 3,2 x 107" OF 37 -0.008 1.377 a 0.009 
K -}- 3.2 x10 0.198 -0.008  0.747-0.013 
Choline +. 3.2x 107 0.147+-0.006 — 1.216-+-0.017 
K. -+ ~ 107? 0.290 -0.006 1.330 -0.047 
Choline afe mw 1077 0.292 -0.012 1.495 -+-0.021 


Fresh, washed human red cells were incubated with or without 
“Na for 4h at 37°C in a Tris-buffered medium containing NaCl 
73 mM and KCI 75 mM. The cells were then washed and suspended 
at a haematocrit of about 10% in a medium containing NaCl 5 mM, 
Tris-Cl 10 mM, Tris-EGTA 0.01 mM, Tris-EDTA 2 mM, ouabain 
1074 M and 145 mM of either KC! or choline chloride. MgCl, 2.1 mM 
was present in groups three and four of the table giving the final 
concentrations of internal Mg?* as indicated. Na was added to the 
suspension of tracer-free cells to measure Na influx. Na fluxes were 
calculated by multiplying the internal (expressed per | of cell water 
for efflux) and external (for influx) Na concentrations by the respective 
rate constants of tracer movement (the influx rate constant was 
corrected for backflux). 


A23187, gain Na and swell. This effect was not accom- 
panied by any change in the K permeability and could 
be prevented or reversed by adding Mg or Ca to the 
medium. Thus, in certain conditions A23187 may indeed 
mediate Na transport. 

The effect of the ionophore A23187 on the bulk and 
tracer (“Na) fluxes of Na was investigated in intact red 
cells suspended in ‘Ca-free’ media containing ouabain, in 
order to avoid both Ca-induced changes in K perme- 
ability" and variations in Na-pump rate that occur at 
different internal Mg concentrations (to be reported 
elsewhere; see also ref. 6). Figure | shows the effect of 
the ionophore on the Na content of cells suspended in 
isotonic Na media containing increasing Mg concentra- 
tions. The nominally Meg-free cells (Mg’*; œ= 10°’ M) 
gained about 18 mmol of Na per | of cells in 1h, a value 
about 10 times the Na gain in ionophore-free cells or in 
cells containing ionophore and normal Mg. The net Na 
influx is plotted as a function of [Mg]: in Fig. 2, 
showing half-maximum inhibition in the micromolar range. 
The increase in Na flux was fully reversed by physiological 
concentrations of internal Mg. Ca was also found 
to inhibit the Na influx in the presence of the ionophore 
but this effect was masked to some extent by a separate 
action of Ca on the Na influx. Ca tended to increase 
the Na influx compared with Ca-free controls even in the 
presence of high concentrations of Mg, and made it 
difficult to assess the precise extent to which Ca inhibited 
the ionophore-mediated influx. 

In order to avoid large changes in ion composition 
and cell volume, the effect of the ionophore on the 
unidirectional (Na) tracer fluxes was investigated in 
media containing 5mM Na with either K or choline as 
the main extracellular cation. The results of one such 
experiment are reported in Table 1. Here again it can 
be seen that the ionophore increases the unidirectional 
Na fluxes only in the absence of Mg. At the same time, 
however, the K content of the ionophore-treated cells was 
the same as that of untreated controls in a similar medium. 
Na efflux is increased relatively more when K is the main 
external cation, while the effect on the influx of Na is 
relatively larger in the choline medium. This seems to 
result from an apparent effect of external K on the 
mechanism which is responsible for the asymmetry 
between Na efflux and Na influx in the presence of 
ouabain’ and which had been variously attributed in the 
past to a second Na-pump*, to counter-transport of Na 
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Fig. 2 Net gain of sodium as a function of the intracellular 

concentration of free Mg in intact red celis in the presence 

of the ionophore A23187. The Na uptake of Fig. I is plotted as 

a function of the Mg?* content of the cells calculated from the 

ionophore-induced equilibrium distribution of Mg as reported 
previously. 


with choline or Meg’? or to co-transport of Na with 
K=, The present results rule out symmetric carner- 
mediated transport involving choline, K or Me, as Na 
efflux is larger than Na influx in all conditions, whether 
in the presence or absence of choline, K, or Mg gradients. 
The persistence of the asymmetric Na fluxes even in 
‘Mg-free’ cells also argues against ATP-fuelled transport 
associated with a Mg-dependent ATPase”. 

In order to discriminate between a possible indirect 





Table 2 Effect of ionophore removal on Na influx in the presence and 
absence of internal Mg 
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lonophore 
A23187 Presence of Na influx 

Pretreatment during final Mg during (mmol per | 
of the cells incubation final incubation cells per h) 

ve = 2.76 +-0.104 
Controls _ + 1.60 -+-0.154 

Ss 25.79 +-0.461 

+ + 3.48 -0.259 
Treated with = = 3.43 -0,459 
ionophore in = + 3.92 +-0.382 
the absence e$ nae 26.99 +0, 590 
of Mg i -f 3.80 40.446 
Treated with = 1.97 +0.236 
ionophore in = 2.13 40,346 
the presence 4 = 28.84 -+-0.708 
of Mg f “4 2.90 -+-0,273 





Cells were pretreated with A23187 in the presence and absence of 
2.1mM MgCl, in a Tris-buffered isotonic choline chloride medium 
containing 5 mM NaCl. A low sodium medium was used to prevent 
changes in the intracellular Na concentration during the preincuba- 
tion. 5 ulofa I mg ml ~ solution of the ionophore in absolute ethanol 
was added for each mi of the suspension. The haematocrit was about 
10% and the pre-incubation was performed at 37°C for 30 min. 
The ionophore was absent from the control group, otherwise 
conditions were identical. The cells were subsequently washed five 
times in a similar ice-cold solution and resuspended in a medium 
containing NaCl 150mM),; Tris-HCl] 10mM (pH 7.7 at 37°C), 
Tris-EGTA 0.01 mM, Tris-EDTA 2mM and ouabain 10 M. 
MgCl., when present, was at 2.1 mM. “Na was added to the final 
incubation medium in order to measure Na influx. When the 
ionophore was absent, the ‘Mg-free’ cells did not gain Mg in the 
Meg-containing media. 
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effect of the ionophore and ionophore-mediated Na flux, 
we measured net Na influx in cells that had been treated 
with the ionophore in the presence and absence of Mg 
and from which the ionophore had been washed away’. 
This was done to see whether ‘Meg-free’ cells with little 
or no ionophore left could still exhibit the increased Na 
permeability. The results (Table 2) showed that the 
‘Mg-free’ cells did not have an increased Na permeability 
unless the ionophore was restored during the final 
incubation. All the available evidence suggests either that 
the ionophore can act on the membrane to produce a 
reversible and selective increase in Na permeability at 
low Mg** or Ca” concentrations, an interesting possibility 
which cannot be ruled out, or, more likely, that the 
ionophore itself mediates Na transport when the con- 
centration of competing divalent cations is very low. 

We thank the Wellcome Trust Foundation and the 
MRC for providing funds to V.L.L., the Lilly Research 
Centre for a gift of the ionophore A23187, A. M. Brown 
for helpful comments and Mrs Gray for technical 
assistance. P.F. is an MRC Scholar. 
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Lowering of hypertension by central 
saralasin in the absence of plasma renin 


A ROLE for the renin-angiotensin system in the development or 
maintenance of increased blood pressure of spontaneously 
hypertensive (SH) rats has not been substantiated. These 
animals are considered the best model for human essential 
hypertension. Although there have been reports of unusually 
high concentrations of renin in the plasma of young SH rats?, 
their pathophysiological relevance has been questioned? and, as 
we report here, high blood pressure is maintained even after 
nephrectomy. But angiotensin from the brain isorenin—~angio- 
tensin system (Iso-RAS) could be involved’. All the com- 
ponents of that system have been identified in brain tissue, 
including the enzyme iso-renin'~*, the substrate, angiotensi- 
nogen’, angiotensin | and converting enzyme®* which hydro- 
lyses angiotensin [ to form the biologically active octapeptide 
angiotensin TL. Angiotensin H is also present in brain tissue’. 
When It is injected intraventricularly into the brain angiotensin LI 
produces a prolonged increase in blood pressure’. Therefore, if 
angiotensin Ll concentrations are increased in the brains of 
SH rats they could be involved in the hypertensive state 
independently of angiotensin levels from renal origin in plasma. 
Using the competitive antagonist Sar-1-Ala-8-angiotensin Ll 
(saralasin acetate, P113, Norwich Pharmacal) in SH and 
nephrectomised SH rats, we have confirmed this possibility. 

Twenty-one SH stroke-prone (SH-SP) rats weighing 
220-330 g and 10 age matched Wistar Kyoto control rats (WKY) 
were anaesthetised by ether, and a 28-gauge stainless steel 
cannula was implanted stereotaxically into the right lateral 
ventricle. Rats were allowed 3-10 d for recovery and were 
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again anaesthetised with ether. A femoral vein catheter 
(polyethylene No. 10 tubing, Clay Adams, USA) and a femoral 
artery catheter (polyethylene No. 10 connected to No. 50 
tubing) were inserted, ligatured and brought under the skin to 
exit through the scruff of the neck. A l-ml blood sample was 
taken from the arterial catheter for plasma renin assay and 
simultaneously replaced by | ml isotonic saline through the 
venous catheter. Rats were left awake, freely moving in a 
wooden box during testing and recording. Blood pressure was 
recorded by a Statham transducer P 23 b and Hellige pre- 
amplifiers on to a Brush 220 polygraph. Testing began 90-120 
min after blood pressure had become stable. 

Ten SH-SP and six WKY male and female rats, all 4-months- 
old, were tested with intravenous and intraventricular doses of 
saralasin. Eleven SH-SP rats and four WKY rats (all females, 
8-months-old) were nephrectomised and tested. Bilateral 
nephrectomy was carried out under ether anaesthesia and rats 
were tested 15-20 h later. Blood samples for plasma renin 
assays were also taken 15 h after nephrectomy. 

To test the potency of the preparation each rat was tested 
initially with 100 ng angiotensin If intravenously and intra- 
ventricularly. After 1 h, saralasin was infused intravenously in 
cumulative doses of 0.1, 1.0, 10.0 and 100 ug per kg per min for 
15 min at each dose. Sixty min after the infusion test a bolus 
injection of 50 yg saralasin was given intravenously. After 
2-3 h recovery when blood pressure was stable, testing began 
with intraventricular injections of 5,10 and 20 ug saralasin in 
0.5, 1.0 and 2.0-ul volumes, respectively. The order of testing 
was randomised and there was full recovery of the original 
blood pressure between tests. Saralasin was dissolved in 
artificial cerebrospinal fluid and control injections of 2 ul of 
this vehicle were also given. 

The results are illustrated in Figs | and 2. The mean arterial 
blood pressure of SH-SP rats was 181.3 +- 9.2 mmHg. Intra- 
ventricular saralasin lowered blood pressure in a dose-response 


old rats 5 ug saralasin produced a decrease of 2.5 -+ 2.3 mmHg. 
The 10-ug dose lowered blood pressure by 7.8 + 1.2 mmHg 
and the 20-ug dose by 12.5 + 1.9 mmHg (P< 0.01 compared 
with controls by the r-test). A 20-ug dose of saralasin lowered 
blood pressure in the 8-month-old rats by 8.3 + 1.4 mmHg 


(P<0.01 compared with controls). The decrease began in each 
case within 1 min of injection and reached a maximum by 


Fig. 1 Changes in mean arterial blood pressure (A BP in mmHg) 
after injections of the angiotensin blocker saralasin into the 
cerebral ventricles of spontaneously hypertensive rats of the 
stroke-prone strain and into the cerebral ventricles of normo- 
tensive Wistar Kyoto control rats. Doses of intraventricular 
saralasin are indicated below. Pre-NX: rats tested before and in 
the same animals 16 h after bilateral nephrectomy (Post-NX). 


age-matched controls; striped columns, 8-month-old. 
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Fig. 2 The effect of intravenous saralasin infusions in cumulative 
doses on the mean arterial blood pressure (BP) of spontaneously 
hypertensive rats of the stroke-prone strain. 


5-7 min. There was recovery back to the original blood 
pressure within 15-30 min. WKY rats matched for age showed 
no response to intraventricular saralasin (Fig. 1). When 
saralasin was given intravenously the two smallest doses caused 
increase Of blood pressure in SH (z = 6) and control rats 
(n = 6) (P<0.05) (Fig. 2). Bolus injection of 50 ug saralasin 
consistently produced an even more marked increase in blood 
pressure in both SH (23.4 + 2.5 mmHg) and control rats 
(35.3 + 2.6 mmHg) (Fig. 2). 

To investigate whether circulating plasma angiotensin II of 
renal origin was involved in the central effect of saralasin we 
repeated the test in nephrectomised rats. In nephrectomised 
SH-SP rats the mean lowering of blood pressure by 20 ug 
Saralasin given intraventricularly was 14.1 3.8 mmHg. 
Intraventricular saralasin had no effect on blood pressure in 
nephrectomised control rats. Plasma renin activity in these rats 
was 0.5 + 0.1 ng angiotensin I ml~! hœ, which is close to 
detection limits of the assay and lower as compared with the 
control levels in SH rats of 5.7 + 0.8 ng angiotensin [ml ha, 
Nephrectomy did not affect the blood pressure of control or 
experimental rats. The mean arterial pressure before nephrec- 
tomy was 178.3 + 6.2 mmHg and after nephrectomy it was 

The response to angiotensin If in SH rats seemed to be 
greater than in WKY rats, as recently confirmed®. 

These data implicate angiotensin in the central blood 
pressure regulation of SH rats. Although the effect was com- 
paratively small, the consistency with which intraventricular 
saralasin lowered the blood pressure may reflect further factors 
which tend to maintain blood pressure in these rats. The effect 
is not readily obtained when blood pressure is lower'*, nor 
was it obtained in normotensive control rats. The results also 
demonstrate that in the absence of peripheral plasma renin 
after nephrectomy, the blood pressure of SH rats is still 
increased. 

The lowering of blood pressure by central saralasin in the 
absence of peripheral renin-angiotensin is evidence for a role of 
the brain iso-renin-angiotensin system in the maintenance of 
high blood pressure in SH~SP rats. Since its discovery? , 
several lines of evidence have suggested that the system has a 
physiological function. Electrophysiological evidence and 
recent biochemical binding studies have demonstrated angio- 
tensin receptors in the brain’? ~t, Saralasin slowed the rate of 
firing of cells responsive to angiotensin’®. This has been 
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interpreted to mean that the spontaneous rate was normally 
maintained at high rates by endogenous angiotensin. A reduction 
of blood pressure by central infusions or injections of angio- 
tensin antagonists has been reported in other strains of SH rats 
(New Zealand and Okamoto strains), but negative findings 
have also been claimed™. Without nephrectomy these results 
were only circumstantial evidence for an action of extrarenal 
angiotensin. With the data reported here we conclude that 
extrarenal angiotensin acts on the brain receptors and con- 
tributes to the high blood pressure in SH-SP rats, In view of the 
growing support for the presence of locally formed brain 
angiotensin®’, the brain iso-renin system is a likely extrarenal 
source. 
We thank Dr A. Castellion, Norwich Pharmacal and Dr 
Volger, Röhm Pharma for the gift of saralasin. This work was 
supported by the Deutsche Forschungsgemeinschaft (SFB 90) 
and Humboldt Fellowship to M.LP. 
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Thyroid-stimulating 
autoantibody production in vitro 


GRAVES’ disease is an autoimmune disorder in which hyper- 
thyroidism is associated with the presence of thyroid-stimu- 
lating autoantibodies'. Recent work suggests that these anti- 
bodies, collectively termed TSAb, are antibodies to the 
thyrotrophin (TSH) receptor which stimulate the thyroid by 
binding to the receptor and activating adenylate cyclase!. 
Synthesis of the autoantibody in vive may result from defects in 
both the thyroid and the immune system. In the case of the 
thyroid, this may be an aberration in the synthesis or shedding 
of plasma membrane components related to the TSH receptor. 
In the case of the immune system, a current view is that auto- 
antibody formation is the result of a suppressor T cell defect®, 
An in vitro model of TSAb synthesis would permit an analysis 
of the role of the thyroid and the immune system in the events 
leading to thyroid-stimulating antibody production. Attempts 
have been made to study TSAb production in short-term 
cultures of peripheral blood lymphocytes from Graves’ patients. 
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IgG (ug) per 107 lymphocytes 





0) 10 20 
Time in culture (d) 


Fig. 1 Kinetics of IgG production by peripheral blood lympho- 
cytes. Lymphocytes were separated on a Ficoll-Hypaque 
gradient’? and washed three times; the yield from heparinised 
blood averaged 80°. The cells were incubated at 1.0-1.5 x 10° 
per ml in I mi aliquots in Marbrook flasks with an outer 
reservoir of 25 ml. The culture medium was RPMI 1640 buffered 
with NaHCO, and supplemented with L-glutamine (2 mM), 
penicillin (50 U mi ~t), streptomycin (50 pg ml} and 10% heat 
inactivated foetal calf serum (Flow Laboratories, Lot 428136). 
Lymphocytes were incubated at 37 °C in 5% CO, in air for 
intervals of up to 28 d and collected as follows: the cell suspensions 
were removed from the Marbrook flasks, centrifuged and the 
culture supernatants separated from the cell pellets. Soluble 
material was extracted from the cell pellets by freezing, thawing 
and homogenising; the homogenates were centrifuged (100,000g 
for 30 min) and the supernatants (termed the soluble cell extract) 
collected. IgG was measured in the culture supernatants and 
soluble cell extracts by a solid phase radioimmunoassay”. 
Each kinetic curve is derived from the lymphocytes separated 
from 100 ml of blood from a single donor; each point is the 
mean of duplicate or triplicate cultures. Results are expressed 
as ug IgG produced per 10° cells initially added to each flask. 
@ and ©, IgG in the supernatants from cultures stimulated 
with PWM (Gibco, 10 pl min); A and A, IgG in cell extracts 
of cultures stimulated with PWM; W and (], IgG in the 
supernatants of cultures without mitogen. 


These studies, however, did not use optimal conditions for 
immunoglobulin production and the levels of TSAb reported 
were close to the limits of detectability of the imprecise assay 
methods used*"'!, In the study described here we have used the 
optimal conditions for culturing lymphocytes provided by 
Marbrook flasks'* in conjunction with two new sensitive and 
precise methods for detecting TSAb—the radio-receptor!® and 
cytochemical assays'*, With this system we have readily been 
able to detect TSAb production in cultures of Graves’ 
lymphocytes. 

Thyroid-stimulating antibodies are always associated with 
the IgG fraction of serum. Therefore in preliminary experiments 
a study of the kinetics of IgG production ių vitro was made 
using peripheral blood lymphocytes from normal donors. 
Lymphocytes were cultured for up to 28 d in medium alone or 
medium containing pokeweed mitogen (PWM) and the IgG in 
the culture supernatants measured by solid phase radio- 
immunoassay. Also, the amount of immunoglobulin eemaining 
in the cells was determined. Some representative expergments 
are shown in Fig. 1. After 10 d of culture in the presence of 
PWM the medium contained about 100 ug of IgG per 10’ cells 
and this was increased to 200 Hg after 21 d. The cell extracts 
contained far less IgG. In the absence of PWM, only small 
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Table 1 TSAb activity in supernatants from lymphocyte cultures measured by cytochemical assay 
Culture conditions Patient IgG dose (ug) % Stimulation Donor IgG dose (ug) % Stimulation 
Membranes + PWM Bu 0.64 35.7 Bo 0.22 0.4 
PWM Ca 0.88 28.6 Pe 0.60 2.9 
PWM Gl 0,82 38.0 Sm 0.56 2.2 
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Lymphocytes were incubated with PWM, alone or after an initial 24-h period with thyroid membranes. Immunoglobulins in the culture 
supernatants and medium alone were precipitated using ammonium sulphate, dialysed exhaustively against isotonic saline and assayed in the 
section assay for thyroid stimulators™. The results are expressed as % stimulation of the absorbance (A) over control values (medium only) 


calculated from the formula: 


[(A test sample — A controt)/A contro} X 100 


Each absorbance value is the mean of 10 measurements per slide on duplicate slides. The amount of IgG used for each assay is given. All three 


Graves’ patients studied had high levels of serum TSAb activity. 


amounts of IgG were detected in the medium and cell extracts. 
The ability of PWM to stimulate immunoglobulin production 
in human lymphocyte cultures is well knownt® t, On the basis 
of these experiments it was decided to investigate thyroid- 
stimulating antibody production by culturing Graves’ lympho- 
cytes with PWM and assaying the culture supernatants for 
TSAb after 14 d. This time interval was chosen so as to provide 
near-maximal amounts of IgG while reducing the risk of 
infection which is a problem with long-term cultures. 

Table 1 shows the measurement of TSAb activity by cyto- 
chemical assay in the immunoglobulin fraction of the culture 
supernatants from Graves’ and normal peripheral blood lympho- 
cytes. The assay depends on detecting TSAb- (or TSH)-induced 
increases in the permeability of thyroid cell lysosomes. These 
increases are monitored by using a chromogenic substrate 
(leucyl-B-naphthylamide) for the lysosomal enzyme naphthyla- 
midase and the intensity of the resulting intracellular colour is 
quantitated by scanning and integrating microdensitometry. 
The supernatants from all three Graves’ lymphocyte cultures 
produced an increase in absorbance of 30-40% over control 
(medium only) whereas the responses elicited by supernatants 
from cultures of normal lymphocytes were less than 3%. This 
study, in which the assay of the supernatants from cultures of 
normal and Graves’ lymphocytes was carried out ‘blind’, 
provided good evidence that TSAb was produced by the cultured 
Graves’ lymphocytes. 

Confirmation of the presence of TSAb in Graves’ lympho- 
cyte cultures was provided by studies with the radioreceptor 
assay for thyroid-stimulating antibodies which depends on the 
ability of TSAb to inhibit the binding of labelled TSH to 
thyroid membranes? ?"®23, In these experiments, lymphocytes 
were cultured with antigen (in the form of thyroid membranes) 
for 24 h. One-third of the cells were also treated with dibutyryl 
cyclic AMP during this period since there is evidence from 
experiments with mice that cyclic AMP administered with 
antigen in vivo and in vitro results in higher numbers of antibody- 
forming cells'®. After 24 h, the cells were washed and re- 
suspended in medium alone (for cyclic AMP-treated cells) or 
medium plus PWM or phytohaemagglutinin (PHA). The 
supernatants from 14-d cultures were assayed for IgG and the 
immunoglobulins of the supernatants monitored for TSAb 
activity in the receptor assay. A significant inhibition of labelled 
TSH binding to thyroid membranes was observed with super- 
natants from Graves’ lymphocytes cultured with PHA (Student’s 


indicated the presence of TSAb (Fig. 2a). The specificity of the 
effect of the cultures in the receptor assay was demonstrated 
by the experiment shown in Fig. 2b in which supernatants from 
the same cultures were pre-incubated with thyroid membranes 
before assay; the TSAb activity originally present in the PHA 
and PWM cultures was absorbed out. 

These observations indicated that peripheral blood lympho- 
cytes from patients with Graves’ disease are capable of making 
thyroid-stimulating autoantibodies when cultured under the 
conditions provided by Marbrook flasks®*. It should now be 
possible to use the combination of the Marbrook culture 


system with the precise and sensitive cytochemical and radio- 
receptor assays to investigate the events leading to TSAb 
production. Similarly, autoantibody production in other 
human autoimmune diseases could be studied using this 
approach. 

We thank Drs Chayen and Bitensky, from the Kennedy 
Institute of Rheumatology, for considerable help with the 
cytochemical bioassay. We also thank Drs J. G. Pierce and 
J. Fawcett and the Armour Pharmaceutical Company for gifts of 
TSH, Professor J. Owen, Professor A. L. Latner, Professor 
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Fig. 2 TSAb activity in supernatants of lymphocyte cultures 
measured by radioreceptor assay'®. Lymphocytes were 
incubated with thyroid membranes (35 ug protein m!~*) for 
24 h, washed and then cultured with PHA (Wellcome 10 pl mi~?), 
PWM (10 ul mi~) or medium only for 14 d; cells receiving 
medium only had been stimulated with dibutyryl cyclic AMP 
(cAMP, 0.4 mM) during the 24 h incubation with membranes. 
IgG was measured in the culture medium and the amount 
produced per 10’ cells is shown. Immunoglobulins were precipi- 
tated from the culture supernatants with ammonium sulphate, 
dialysed exhaustively against 50 mM NaCl, 10 mM Tris-HCl 
(pH _ 7.4) and assayed in the radioreceptor assay. The figure 
shows the effect of the immunoglobulins on }“I-TSH binding 
to thyroid membranes. a, Immunoglobulins assayed directly. 
b, Immunoglobulins pre-incubated with human thyroid mem- 
branes. All values are the means of triplicate +- s.e.m. Data are 
given for a Graves’ patient (solid bars), a normal donor (cross- 
hatched bars) and culture medium alone (open bars). The same 
number of cells were cultured from the Graves’ patient and the 
normal donor. The Graves’ patient studied in this experiment had 
particularly high levels of serum TSAb; | ug of purified serum 
IgG was readily detectable in the receptor assay. 
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Relaxin has conformational 


homology with insulin 


RELAXIN, a polypeptide hormone synthesised and stored in 
the corpus luteum, is responsible for the dilation of the 
symphysis pubis in most mammals before parturition. 
Porcine relaxin (molecular weight ~5,600) consists of one 
A chain and one B chain linked by disulphide bonds. The 
amino acid sequence of the two chains is consistent with 
interchain and intrachain disulphide crosslinks of the same 
disposition as those of insulin”. Although only five further 
residues are identical to those in equivalent positions of 
porcine insulin, the model presented here shows that relaxin 
may have a tertiary structure closely resembling that of 
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insulin. The residues of the hydrophobic core of relaxin 
differ from those of insulin but are close packed and occupy 
the same volume. 

Figure 1 shows the sequence of porcine relaxin at deter- 
mined by Schwabe er al.'" aligned with the sequence of 
porcine insulin according to the positions of the cystines 
(for reviews see refs 3, 4). In this paper the insulin num- 
bering scheme has been applied to the relaxin sequence to 
facilitate comparison of the equivalent residues in the two 
molecules. Some relaxin molecules apparently have 
additional residues, possibly serine and arginine at the C- 
terminus of the B chain’. This may, by analogy with insulin, 
be a consequence of there being a precursor, prorelaxin; 
these derivatives may be intermediates in the conversion 
process. A further sequence analysis of a porcine relaxin by 
Niall and co-workers’ shows that there may be some 
heterogeneity in relaxin. Since these differences seem to be 
limited to residues at the B-chain termini located on the 
outside of the model presented here, they could be accom- 
modated without affecting the relaxin tertiary structure 
that we describe. 

We have explored a possible three-dimensional structural 
homology of insulin and relaxin in the following way. A 
model was built first of the main chain Al~A20 and B6- 
B21, in which the interchain and intrachain disulphide 
bridges occupied equivalent three-dimensiona] positions to 
those reported for insulin, and other amino acid residues 
shown to be equivalent in the sequence alignment of Fig. 1 
were given the same main chain conformation. This was 
made possible by the presence of glycines at B8 and B20 in 
relaxin as in insulin, in which positions an amino acid with 
a side chain would not be allowed as a consequence of the 
positive Y angles. The side chains of B6, B11, B12, B14, 
B15, B18, A2 and A16 which contribute to the hydrophobic 
core of insulin were then built into the framework provided 
by the main chain and cystine disulphides. These are all 
hydrophobic in relaxin and are easily accommodated to 
give a close packed core. Bil and B12 are conserved as in 
all insulins. Of particular interest is the complementary 
nature of many of the sequence differences. For example, in 
insulin B6 Leu and B14 Ala are in close juxtaposition; in 
relaxin their respective positions are reversed: B6 Ala and 
B14 Leu. In a similar way A2 Tle and A16 Leu of insulin 
are A2 Leu and A16 Ile in relaxin. These pairs of side 
chains point towards the centre.of the core from opposite 
sides. The close-packed occupancy of the core is thus 
maintained. The B15 Trp of relaxin is beautifully accom- 
madated almost completely buried in the core with no rela- 
tive changes of the positions of the A and B chains. The 
proposed main chain conformation of relaxin is shown in 
Pig. 2 and a stereoview of the three-dimensional structure 
is shown in Fig. 3. 


a “1 0 L230 5 O08 9 10 (1213 14 15 1617 18 19 @) 21 


(Ser Thr Trp(Gly (Arg)}-COOH 


Porcine 
relaxin. NH.-Arg-Met-Thr-Leu-Ser-Glu- Lys-Cys-Cys-Glu-Val-Gly-Cys-l le-Arg-Lys-Asp-He-Ala-Arg- Leu-Cys-COOH 
Porcine 
insulin NH oGly-He-Val-G hu-Gin-Cys-Cys-Thr-Ser-I le-Cys-Ser-Leu-Tyr-Gin-Leu-G lu-Asn-Tyr-Cys-Asn-COOH 
b “2-10 1 2345 6 @M@®s wQOO13 1415 6 17 18 (QO 21 22 23 24 25 26 27% 28 29 30 
Porcine l 
relaxin NH -Pca-Ser-Thr-Asn-Asp-Phe-He-Lys-Ala-Cys-Gly-Arg-Glu-Leu-Val-Arg-Leu-Trp-Val-Glu-Ie-Cys-Gly-Val-Trp-Ser-COOH 
Porcine 
insulin 


NH,-Phe-Val-Asn-Gln-His- Leu-Cys-Gi y-Ser-His-Leu-Val-Glu-Ala- Leu-Tyr-Leu-Val-Cys-Gly-G! u-Arg-G ly-Phe-Phe-Tyr-Thr-Pro-Lys#\la-COQH 


+ 


Fig. 1 Sequences of porcine relaxin’ * and insulin arranged to give alignment of the cystines. There may be further Ser and Arg residues 

at B24 and B25 in some relaxin molecules? and an independent sequence determination? indicates possible heterogeneity at B--2, B21, 

B22 and B23 (the sequence differences are given in parentheses). The numbers of residues identical in porcine insulin and relaxin are circled 
and residues invariant in all known insulins are underlined. 
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B21 


Fig. 2 Proposed conformation of the relaxin main chain indicated 
by a carbon positions (©) and joined by virtual bonds. The 
residue numbers are those shown in Table 1 to facilitate com- 
parison with insulin. The molecule is viewed from a position 
equivalent to right angles to the three-fold axis and into the face 
involved in dimerisation of the insulin hexamer (see Fig. 10 of 
ref. 3). In insulin the B chain continues from B23 to a position 
close to A2 partly covering the A chain residues as viewed here. 


Having established the feasibility of an insulin-like fold 
for relaxin we then proceeded to add surface residues in- 
cluding the chains B6-B22 and Al—A20. This naturally led 
to the suggestion of many ion pairs in particular A5 Lys and 
A15 Asp of relaxin, which are A5 Gin and BI5 Gln in 
insulin. Further possible relaxin ion pairs are A8 Glu and 
BS Lys, B13 Arg and B17 Glu. 

Residue AI9 is Tyr in insulin and Leu in relaxin. This 
change is easily accommodated in the model and may be 
related to the extra residues at the A-chain N terminus of 


Fig. 3 A stereo view of the 
relaxin model from ap- 
proximately the same di- 
rection as Fig, 2. All side- 
chain residues are included 
with the exception of those 
of B21, B22 and B23. The 
tryptophan (B15) is seen 
centrally end on and par- 
tially buried in the hydro- 
phobic core. The drawing 
is taken from coordinates 
measured from the model 
and constrained towards 
the knowr geometry of 
amino ,acids using the 
method described in ref. 9. 
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relaxin which are most probably covering A19 so that AO 
Met is in contact with Leu, leading to a further ion pair 
A —1 Arg to the B-chain C terminus. In a similar way 
the extra residues at the B-chain N terminus are easily 
accommodated. When residue B3 Phe was alowed to lie 
against the residues of the hydrophobic core, the chain 
could be further extended to fold over Al2, a position 
which is He in relaxin although always hydrophilic in 
insulins. But, the conformations of the B-chain N terminal 
residues may be flexible in relaxin as they are in insulin, 
and it is possible that they contribute little to the stability 
of the insulin-like core. The absence of a residue at A21 
might be expected to destabilise the insulin-like tertiary 
structure, but would not prevent its existence. 

Although of less consequence for the tertiary structure 
of relaxin, the positioning of the residues at the B-chain 
C terminus must await clarification of this part of the 
primary structure. If the polypeptide chain has either of 
the reported sequences’’*, it can be folded back on to 
the hydrophobic core. The tryptophan probably contributes 
towards stabilising the tertiary structure. This residue may 
be placed so that it partially compensates for the lack of 
residues in relaxin equivalent to B24 Phe and B26 Tyr of 
insulin. Thus the tertiary structure would be expected to 
be more stable than that of desoctapeptide insulin (B23- 
B30 deleted) which has a tertiary structure rather different 
from that of native insulin. Residue A3 in our model of 
relaxin—a serine residue—occurs on the surface of the 
molecule whereas in insulin this residue is usually a valine 
and is close to the B-chain C terminus. 

The uncertainty in the C-terminal B-chain sequence may 
be due to the existence of two variants of relaxin suggesting 
that this portion of the molecule makes only a limited, 
contribution, if any, to the biological activity. Thus, the 
tryptophan residue known to be inessential® is most likely 
the one located in the C-terminal tail of the relaxin B 
chain. Our model predicts that the remaining tryptophan 
B15 which is buried cannot be oxidised in native relaxin 
without loss of tertiary structure and probably therefore 
biological activity. The relative mobility of the C-terminal 
peptide of the B-chain may be deduced from the fact that 
carboxypeptidase A digestion of native relaxin readily re- 
leases Ser, Trp, Val, and somewhat more slowly, Gly. 

The absence of histidine at B10 implies that relaxin will 
not bind zinc ions to give a hexamer in the same way as 
insulin, although the B10 Glu of relaxin may bind other 
metal ions such as calcium. But, the association of the 
protomers would also be hindered by the change of the 
C-terminus of the relaxin B-chain and the presence of 
charged groups at BI7 and A13 in relaxin which are 
usually hydrophobic in insulin. The equivalent groups in 
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insulin are involved in protomer—protomer interactions in 
the zinc insulin hexamer, 

The differences between residues at Al and A19 and 
the deletions at the two chain termini make it unlikely 
that relaxin will bind insulin receptors, since modification 
or deletion of these residues in insulin leads to considerable 
loss of affinity for the receptor and a decrease of biological 
activity” ". 

Relaxin in its highly purified form requires an adjuvant 
such as beeswax or benzopurpurin 4-8 for enhancement 
of biological activity. This may well be due to interaction 
of the diazo dye, for example, with the hydrophobic 
residues, particularly tryptophan B22 and subsequent 
stabilisation of the structure and protection from pro- 
teolytic attack. The induction of a strong Cotton effect 
at 520nm indicates that the dye molecules bind relaxin 
strongly and specifically (data not shown). 

The existence of a molecule with the sequence of 
relaxin and an insulin-like tertiary structure may be 
explained by gene duplication of primitive insulin-like 
molecules followed by accepted mutations leading to 
radical changes in sequence". If this is so, the nature of 
the complementary changes in the hydrophobic core 
implies evolution through a less easily folded state possibly 
implying a period without selective pressure on the 
duplicated gene. 

We thank Mr D. Richardson and Dr P. Pauling of 
University College, London, and Mr T. Sewell and Mr J. 
Jenkins for assistance with computer graphics, Dr J. L. 
Finney and Mr J. D. Nicholas for use of their coordinate 
measuring device, and Miss S. Kennett for assistance with 
photography of the model. T.L.B. and S.B. are grateful 
to the SRC for support. 

Note added in proof: An independent model building 
study using computer graphics has also concluded that 
relaxin has an insulin-like conformation (N. Isaacs et al., 
manuscript in preparation). 
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Nucleosome structure controls rates 


of excision repair in DNA of human cells 


Eukaryotic chromatin is now considered to be composed of 
structural units, nucleosomes (nu bodies), which consist of four 
pairs of histones around which DNA is coiled'-*. Approximately 
200 base pairs of DNA are associated with each nucleosome, 
140 base pairs are wrapped around each and a variable length 
of approximately 40 base pairs lies between, The DNA 
wrapped around each nucleosome is less easily digested by mic- 
rococcal nuclease than the DNA between them, and brief periods 
of incubation with the enzyme allow isolation of nucleosomes 
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Fig. 1 Repair replication in confluent human fibroblasts. Cultures 
were incubated in the presence of BUdr 10-* M and FUdr 2 = 
10-8 M for I h, irradiated with 13 J m~? ultraviolet light and 
labelled for 2 h in BUdr 107 M, *H-Tdr 10 pCi mi“ (64 Ci 
mmol™!), FUdr 2 x10% M, hydroxyurea 2 x 10-3 M; the DNA 
was isolated and sedimented in alkaline caesium chloride 
caesium sulphate gradients?" The exclusive location of °H 
label at normal density (coincident with the absorbance peak) 
indicates that the "H has been incorporated by repair replication. 
Broken Ime, Aggy; ©, controls; @, irradiation with 13 J m~? 
ultraviolet. Radioactivity profiles were normalised to the same 
amount of DNA per gradient. 


as discrete particles”. The structural organisation of mammalian 
DNA into nucleosomes, and higher degrees of order in the 
packing of strings of nucleosomes into chromosomal fibres has 
been shown to play a major part in the control of DNA replica- 
tion*®, and transcription®. Previous studies have indicated that 
the accessibility of damage in DNA to repair enzymes is 
restricted by chromatin proteins’’* and it is therefore likely 
that the repair of damaged sites in DNA is also controlled by 
some features of nucleosome structure and packing’. In the 
study described here I have measured the rates of degradation of 
repaired regions in mammalian DNA by micrococcal nuclease; 
the results suggest that the first sites of ultraviolet light-induced 
damage to be repaired are those in the DNA between nucleo- 
somes and that there is little rearrangement of nucleosomes 
along the DNA during repair. 

Human fibroblast cultures (strain E11) were established 
from foreskin and grown in Eagle’s minimal essential medium 
with 10% foetal calf serum. Cultures for experiments were 
grown in 0.01 pCi ml, 56.4 mCi mmol “C-thymidine 
(#C-Tdr) in 90-mm Petri dishes until confluent and mitotic 
figures no longer detectable. Cultures were then rinsed and 
grown for 24 h in unlabelled medium before being once 
irradiated with 13 J m~? ultraviolet light (254 nm, at a dose rate 
of 1.3 J m~* s™). They were then labelled with *H-Tdr (10 
uCi mi, 64 Ci mmol), hydroxyurea (5 1073 M), and 
fluorodeoxyuridine (FUdr, 2 x 10~* M) for 10 min to 4.5 h. For 
most experiments cells were collected immediately but some 
were allowed to grow in 5x10 M Tdr and 5x10 M 
deoxycytidine for several hours before collection. 

Confluent cultures of primary fibroblasts perform negligible 
amounts of semiconservative DNA replication, and all of the 
radioactivity incorporated into DNA in the presence of hydro- 
xyurea after ultraviolet irradiation consists of repair replication 
(Fig. 1). Therefore, in cultures allowed to reach confluency in 
MC-Tdr, irradiated with ultraviolet light and labelled with 
°H-Tdr, the “C activity is uniformly distributed throughout the 
DNA but the °H activity is confined to the short patches which 
are involved in repair of ultraviolet damage in DNA?!0-#), 
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Repaired regions in cells that had incorporated °H-Tdr 
immediately after ultraviolet irradiation were more 
rapidly digested by nuclease action than was "C-Tdr- 
labelled DNA (Fig. 2, Table 1). When cells that had 
incorporated °H-Tdr into repaired DNA immediately after 
irradiation had grown for 5 h, the °H label was digested to a 
similar extent to that in cells collected earlier (Fig. 2, Table 1). 
When cells were labelled for longer periods the proportion of 
“H activity that was rapidly digested decreased (Fig. 2, Table 1), 

These results show that the rate at which nuclease degrades 
*H-labelled DNA in repaired regions is different from that at 
which “C uniformly labelled DNA is degraded. To a first 
approximation, the degradation kinetics can be analysed in 
terms of two exponential components (Fig. 2): an initial rapid 
component which is present in decreasing proportion as the 
labelling time increases, and a slow component which has 
approximately the same slope at all labelling times (Fig. 2, 
Table 1). The simplest interpretation of these results is that the 
rapid component represents degradation of the DNA between 
nucleosomes, and the slow component represents degradation 
of DNA closely associated with nucleosomes. This interpreta- 
tion is strengthened by observation that the DNA after 5 min 
digestion with nuclease in essentially the same conditions in 
this laboratory is in one or more multiples of approximately 
200 nucleotide pair lengths (B. Young, unpublished). The 
results indicate therefore, that at short times after irradiation 
the repaired regions are predominantly between nucleosomes, 
but after longer times all regions of DNA contain repaired regions. 

There are two possible reasons for the change in the distribu- 
tion of *H label in repaired regions with increasing labelling 
times, One is that only internucleosome DNA is repaired and 
that there is a redistribution of nucleosomes along the DNA 
which tends to randomise the label. The other is that inter- 
nucleosome DNA is more accessible to repair enzymes and is 
repaired more rapidly than DNA on the nucleosomes. Because 
the inter-nucleosome DNA and hence the ultraviolet-induced 
photoproducts in this DNA are a minor fraction of the whole 
DNA and a minor fraction of the total repair replication is 
completed in the first hour after irradiation (Table 1), faster 
repair in these regions will result in earlier completion of repair; 
at longer times repair on nucleosomes would predominate. The 
first possibility is eliminated, however, by the pulse-chase 
experiments. Growing cells for 5 h after a 30-min pulse of 
*H-Tdr immediately following irradiation produced a ®H dis- 
tribution that was similar to that obtained from similarly 
labelled cells collected earlier (Table 1). Cells that had been 
labelled for only 10 min, however, had a 3H distribution in 
which the rapidly digested component decreased from 58 % to 
39%). These observations at 10 and 30 min of labelling indicate 
that the distribution of DNA between and on nucleosomes 
changes little during 5 h of growth. The slight change observed 
in the 10-min labelled sample could actually be due to variability 
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Fig. 2 Percentage of “C- or *H-labelled DNA in nuclei remaining 
undigested by micrococcal nuclease after various times of 
incubation at 37 °C. After cultures were labelled and irradiated 
as described in the text, cells were collected by rinsing once in 
physiological buffer, trypsin treatment for 2 min at 37 °C and the 
suspension was centrifuged at 1,800g for | min. Cells were 
resuspended in ice-cold hypotonic buffer (RSB, 0.0015 M MgCl, 
0.015 M NaCl, 0.01 M Tris-HCl, pH 7.4) and centrifuged 
again for three successive washes. They were resuspended in 
RSB containing 1%, Triton X-100 and gently homogenised by 
10 strokes in a tight fitting Dounce homogeniser to prepare 
nuclei’, Nuclei were centrifuged for | min at 1,800g and then 
resuspended in RSB and centrifuged three more times. The 
nuclear pellet was resuspended in RSB, CaCl, added to a final 
concentration of 107? M and the suspension dispensed in 0.4 
mi quantities into tubes containing 2 ul of micrococcal nuclease 
(Worthington, 40 units of enzyme to approximately 10° nuclei), 
and incubated at 37°C. Individual tubes were removed at 
various times, chilled on ice, 100 pg carrier DNA added and the - 
DNA precipitated with perchloric acid (PCA) at a final con- 
centration of 5%. The supernatant was counted in 7 ml water 
miscible liquid scintillation fluid (Aquasol). The precipitate was 
dissolved in 5% PCA at 90 °C and counted in Aquasol. The 
fractions of “C and *H radioactivity rendered acid soluble by 
micrococcal nuclease was calculated from the radioactivity in 
supernatant and precipitate fractions from each tube. [7, Mean 
and standard error of “C-Tdr uniformly-labelled cells. ©, 
Labelled for 10 min with *H-Tdr immediately after 13 J m`? 
ultraviolet light. @, Labelled for 30 min immediately after 13 
J m~? ultraviolet light. 
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Table 1 Percentage of total radioactivity in the rapidly digested components of DNA in nuclei digested with micrococcal nuclease 





Labelling and irradiation conditions 
Uniformly labelled "@C-Tdr 


Repaired, 10 min, immediately post UV 

Repaired, 30 min, immediately post UV 

Repaired, 30 min, immediately post UVt 

Repaired, 90 min, immediately post UV 

Repaired, 4.5 h, immediately post UV 

Repaired, 30 mim, immediately post UV and grown for 5 h 
Repaired, 10 min, immediately post UV and grown for 5 h 


Repair replicationt 


10 (10) — 
58 (2) 4 
3 (2) 14 
29 (4) 14 
19 (2) 53 
a A2 120 
5. (D = 
39 (D) S 





*Values were calculated by extrapolation of the slow component of parallel curves similar to those shown in Fig. 2. Each value was obtained 
from the average of at least two separate determinations and is therefore not necessa rily the same as the values that can be read off Fig. 2 since the 
latter Hlustetes single experimental determinations at each labelling time (the number in parentheses indicates number of separate degradation 
curves ysed to estimate this percentage). . i 

tAmounts of repair replication expressed in arbitrary units calculated from experiments similar to those of Fig. 1, done for various labelling 
times. 

{Labelling done with *H-Tdr but without hydroxyurea and FUdr. 

UV, ultraviolet irradiation. | 
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in the precise labelling duration, because the nuclease digestion 
kinetics change rapidly during the shorter labelling periods. The 
distribution of repaired regions is therefore probably due to a 
faster rate and earlier completion of repair in inter-nucleosome 
DNA than in nucleosomal DNA. 

In a previous study of the repair of alkylation damage in 
mouse cells Bodell'* also showed that repair was concentrated 
on inter-nucleosomal DNA. In that study, however, it could 
be argued that there was either a non-uniform distribution 
of damage or a non-uniform distribution of repair, or both, 
because alkylating agents do not react with all regions of DNA 
to equal extents’*. In the present study on the repair of ultra- 
violet damage it is most likely that the non-uniformity Į have 
observed is due to the mechanism of repair, because pyrimi- 
dine dimers are caused by direct absorption of quanta of ultra- 
violet light in pyrimidine rings and the yield of photoproducts is 
insensitive to DNA conformation’. Some small effect of DNA 
structure on dimer formation which would result in a non- 
random distribution of dimers within or between nucleosomes 
cannot be completely excluded, however, but is unlikely. 

These results (Fig. 2) can be interpreted to indicate that 
damaged DNA between nucleosomes is more rapidly repaired 
than DNA on the nucleosomes, this would explain many 
features of DNA repair previously observed. The size of the 
patch that replaces excised pyrimidine dimers, for example, 
has been usually estimated after long labelling times'® }4, 
after which most of the repair would be in regions of DNA on 
nucleosomes. Patch sizes estimated by a variety of methods 
seem to be about haif the single-strand length of DNA associated 
with one nucleosome® ?°. This is what would be predicted if a 
randomly located dimer in a nucleosome is the starting point 
for an excision repair patch and the next nucleosome is the 
termination point. This model also predicts that the first 
excision repair patches made between nucleosomes after ultra- 
violet irradiation should have a much smaller patch size than 
those made later. 

Several previous observations are consistent with a model in 
which excision repair is controlled by the structure of chromatin. 
Paterson ef al.” found that excision of dimers occurred at 
two rates, an initial fast rate and a later slow one, and many 
studies on repair replication showed similar rate changes! 20, 
The possibility that dimers are not all equally accessible to 
repair enzymes was suggested by Wilkins and Hart? who 
showed that those dimers that were more rapidly excised from 
DNA were also more accessible to an exogenously supplied 
Micrococcus luteus ‘ultraviolet specific’ endonuclease. Mortel- 
mans ef a/.* also showed that several complementation groups 
of the human DNA repair deficient disease xeroderma pig- 
mentosum lack cofactors that control the repair of DNA 
in chromatin, rather than lack repair enzymes themselves as 
originally thought!® 2, 

I conclude from these results (Fig. 2, Table 1), that the 
structure of mammalian chromatin exerts restraints on the 
rate of excision repair of ultraviolet-induced damage. In 
constructing models for excision repair it should, therefore, 
be considered that perhaps the substrate itself is the more 
complex entity rather than the association of repair enzymes, 
which has been frequently suggested??-**, The need for con- 
trolled access to damage in DNA may be one reason for the 
greater complexity of repair mechanisms in eukaryotes than in 
prokaryotes, which is indicated by the multiple complemen- 
tation groups which affect excision-repair in xeroderma pig- 
mentosum* 26, 
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Anisotropy of the 
Young’s modulus of bone 


Tue anisotropy in elastic deformation exhibited by compact 
bone sections is well known'!, but has been demonstrated 
mainly for orientations parallel to, (designated as longitudinal) 
or, normal to, (designated as transverse or radial), the long axis 
of the bone. Various models based on the concept that bone is 
a hydroxyapatite-reinforced collagen composite have been 
proposed (for example ref. 2) to account for the elastic be- 
haviour of compact bone, as defined by the Young’s modulus 
(E), but lack of data for a range of orientations has precluded 
one critical test of their validity. We report here preliminary 
measurements on the Young’s modulus of mature bovine femur 
cortical bone for specimens orientated at various angles from 
0° to 90° to the bone long axis. These results were obtained on 
a series of rectangular-shaped, machined, specimens (4 mm x 
3 mm) with two different lengths (15 mm and 20 mm), by a 
novel differential ultrasonic technique, which is illustrated in 
Figs I and 2. 

The time between the generation and receipt of a signal was 
measured (in us) for specimens of 15 mm and 20 mm length, 
and as all other features of the circuit remained constant, the 
difference in time (dr) for the two conditions was related to the 
difference in path length (d/) provided by the bone specimens, 
and the velocity (v) through the bone calculated. Assuming the 
path length in bone is isotropic, the Young’s modulus (E) is 
then derived from:—- 


ds, .f{£) (1) 


where p is the specific gravity of bone’. This procedure was 
repeated for pairs of specimens orientated at various angles to 
the longitudinal axis (in a tangential rotation). 

The absolute values of E calculated for the longitudinal (0°) 
orientation (17.3— 19.7 GNm~?) are within the range of values 
(7 ~ 27 GNm~*) obtained by various workers? from the 
measurement of stress-strain curves, although smaller than a 
single value obtained on ‘dry’ bovine femur sections by an 
ultrasonic technique (26 GNm~®*) (ref. 3). For the transverse 
orientation (90°), the calculated values of E (8.7 ~ 10.3 GNm `°) 
compare with values of 7.2 GNm~? (ref. 1) (stress-strain curve) 
and 13.2 GNm~? (ref. 4) (shock tube loading). The, present 
results indicate that Ep/Es = 2.3 (dry) or 1.7 (wet), which 
agrees reasonably with previous findings? of a ratio of 1.9 (wet). 
These points of agreement suggest that the results obtained by 
the present technique are valid. 
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—Trace Y, 
—Trace Y, 


Ext trig 


No other results have been reported for the Young’s 
modulus of bovinefemur specimens orientated at anglesof 5, 10, 
20, 40, 50, 70, 80 and 85° to the long axis, which are shown in 
Fig. 3. The Young’s modulus values at 0, 30, 60 and 90° 
compare with values of 23.1, 16.7, 12.8 and 10.4 GNm-?, 
respectively, measured by Reilly and Burstein’. 

The significant finding of the present study is the experimen- 
tally-determined variation in Young’s modulus with orientation, 
which exhibits a decrease in E from 0 — 20°, an approximate 
plateau from 20 — 70° (with a ‘low’ point at 50°) and another 
decrease from 70 — 90°. This result is in conflict with the pre- 
dictions of a fibre-reinforced composite model, such as demon- 


Fig. 2 Details of the experimental arrangement of transducers and 
bone specimens, before and after mounting. (Specimens shown 
are not of the experimental dimensions.) 


7 % 








Fig. 1 Circuit arrangement, with a 
signal through two specimens Y, 
and Y, producing traces y, and Ya, 
respectively, on a two-channel 
oscilloscope. 


Fig. 3 Variation in Young's modulus of bovine femur specimens 

(E) with the orientation of specimen axis to the long axis of the 

bone, for wet (O) and dry (x) conditions compared with the 

theoretical curve ( ) predicted from a fibre-reinforced 
composite model?*. 





E (GN m`?) 





60 70 80 90) 
Orientation (degrees) 
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strated by the theoretical curve? (derived for E/E., = 10) 
plotted for comparison in Fig. 3, which reveals a progressive 
reduction in the dependence of Young’s modulus on orientation 
for values of E from œ 10° to 90°, with an almost constant 
value of E in the 70° — 90° range. 

We conclude, therefore that an alternative model is required 
to account for the dependence of Young’s modulus on orienta- 
tion. Further work is in progress to extend these results to a 
series of bones with different ultrastructures. 

This research forms part of a project on the deformation and 
fracture of bone supported by the SRC. 

W. BONFIELD 
M. D. GRYNPAS 
Department of Materials, 
Queen Mary College, 
London El, UK. 
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Nuclear phenomena and development 





Nuclear Cytology in Relation to 
Development. By F. d’Amato. Pp. 
Vili+ 283. (Cambridge University: New 
York, London and Cambridge, 1977.) 
£15. 

THE illustration on the jacket of this 
book of Balbiani rings on a polytene 
chromosome seems particularly appro- 
priate for the subject of Nuclear 
Cytology in Relation to Development. 
In fact, Professor d’Amato takes his 
subject matter from a much wider 
field than this illustration might sug- 
gest. “Nuclear cytology” is regarded 
as ranging from molecular biology to 
cytogenetics; what one might regard 
as nuclear cytology in the strict sense— 
the detailed study of nuclear structure 
-—-does not occupy an important place 
in this book. Similarly, the subject of 
“development” is broadly interpreted. 
Evidently, although this ts not stated 
in the preface, Professor d’Amato’s 
aim has been to describe those nuclear 
phenomena which are associated with 
the many aspects of development. A 
refreshing and often illuminating aspect 
of his treatment of the subject is the 
balance of examples from both the 
plant and animal kingdoms. 

The first chapter deals with life- 
cycles, especially the alternation of dip- 
loid and haploid phases, and certain 
aspects of fertilisation. Chapter 2, on 
the cell cycle, opens with a brief excur- 
sion into molecular biology, discussing 
DNA sequence complexity, as well as 
the different classes of RNA. It is 
disappointing to find that a book pub- 
lished in 1977 should regard histones 
as “general repressors of gene activity”, 
while making no mention of their 
important structural role in nucleo- 
somes. This section seems rather oddly 
placed at the beginning of a chapter 
very much concerned with factors 
influencing the duration of different 
stages of the cell cycle, although also 
treating various aspects of chromosome 
replication. From the cell cycle, 
d’Amato turns to a well integrated 
account of meiosis, with special con- 
sideration of meiosis in relation to par- 
thenogenesis. 

It is not at all clear why chapter 4, 
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on “Mosaics and Chimaeras” was 
included. Although the subject is 
of great relevance to several prob- 
lems of development, no special nuclear 
phenomena are described here, apart 
from a short mention of chromatin 
elimination in cases of gonadosomic 
mosaicism. This chapter highlights a 
problem which recurs to a varying 
extent throughout the book. There are 
many excellent and well described 
examples in every chapter, but insuf- 
ficient attempt has been made to 
explain their relevance to the chapter 
in which they occur, or to the book 
as a whole. Since, as already noted, the 
author does not clearly state his aim 
in writing the book, it is particularly 
important that a common theme should 
be evident throughout the book. Such 
a theme eventually appears as one 
reads the book, but there are places 
where it seems that the author’s 
enthusiasm for certain topics has led 
to considerable digressions. 

The remaining half of this book 
sticks more closely to what seems to be 
its main theme: nuclear phenomena 
correlated with development. Two 
chapters deal with changes in nuclear 
DNA content during development: one 
with increases of the whole chromo- 
some complement (essentially poly- 
ploidy and polyteny), and the other 
with differential DNA _ replication. 
There is much of interest in both these 
chapters, and the author’s practice of 
taking examples from a wide variety 
of organisms is of particular advantage 
here. Evidently, DNA amplification, 
either selective or total, may be more 
important in differentiation than I. for 
one, had supposed. 

Next come two chapters which 
cover what one might regard as the 
essence of a study of the nucleus in 
relation to development: gene expres- 
sion and its regulation. It is axiomatic, 
as d’Amato clearly states, that dif- 
ferentiation must be viewed in terms 
of gene expression. Although none of 
the nuclear changes described earlier 
in this book can be causally related to 
differentiation, it is clear that single 
somatic nuclei of plants and (as des- 
cribed in the final chapter} of animals 


contain all the genetic information 
necessary for normal development. 
d’Amato’s consideration of gene 
expression concentrates on the local- 
isation by in situ hybridisation of 
repeated genes, and on transcription in 
lampbrush and polytene chromosomes. 
These latter aspects could perhaps 
have been treated more extensively 
with advantage, for here are two types 
of chromosomes which afford unrival- 
led material for the study of nuclear 
cytology in relation to development. It 
is, Moreover, a section which calls for 
half-tone illustrations, of which there 
are none in the book. If these were 
rejected on grounds of expense, it 
seems a false economy. (The book is 
nevertheless well illustrated by line 
drawings.) In the following chapters, 
the roles of heterochromatin, histones, 
and non-histone chromosomal proteins 
in gene regulation are considered, with 
the growing evidence for the fmporfance 
of the latter being clearly brought out. 
The final chapter, “Regeneration and 
Totipotency,”’ brings together informa- 
tion interesting in its own right, includ- 
ing the exciting experiments on nuclear 
transplantation in amphibia. This 
work, showing that nuclei of differ- 
entiated somatic cells still contain all 
the information necessary to produce a 
complete adult organism, is now such 
a cornerstone of developmental biology 
that it deserves an earlier and more 
prominent place in this book. 

In conclusion, Professor d’Amato 
has brought together a wealth of 
information on the changes which 
occur in cell nuclei in different dev- 
elopmental situations. This is reflected 
in a bibliography of (the publisher tells 
us) over 1100 references, occupying 
nearly 50 pages. One wishes that the 
author had taken more space for 
general comment to integrate his 
material. Nevertheless, this is a book 
in which the specialist may well see 
new light shining on old problems, and 
the non-specialist read profitably for 
general information. ° 





A. T. Sumner is a member of the scientific 
staff of the MRC Clinical and Population 
Cytogenetics Unit, Edinburgh, UK. 
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Electron 
spectroscopy 


Electron Spectroscopy : Theory, Tech- 
niques and Applications. Vol. 1. Edited 
by C. R. Brundle and A. D. Baker. 
Pp. xv+459. (Academic: New York 
and London, 1977.) £24; $46.90. 





A MAJOR EFFORT to survey the present 
situation in electron spectroscopy has 
been undertaken by some of its more 
prominent explorers under the editor- 
ship of Drs C. R. Brundle and A. D. 
Baker. The material is distributed in 
three volumes, the first of which is now 
ready. To get a balanced impression of 
the total work one would have to await 
the other two volumes, since much 
basic and important material is still 
left to be treated in these forthcoming 
volumes. Already, after going through 
the first volume, one is, however, in 2 
good position to see that this work will 
become an indispensable source of 
knowledge for all investigators in the 
field. 

After an introduction to electron 
spectroscopy by the two editors, the 
present many-electron theory of photo- 
electron emission is reviewed by R. L. 
Martin and D. A. Shirley. The authors 
have themselves contributed a good 
deal to some of the conceptual parts 
of the theory for electron emission 
processes. After reading this and the 
next chapter by W. L. Jolly--treating 
his equivalent cores approximation— 
the reader should have obtained a good 
understanding of some of the main 
topics, which underlay most applica- 
tions. W. C. Price, well known as an 
authority in ‘classical’ ultraviolet 
photon spectroscopy for molecules 
before photoelectron spectroscopy had 
acpeared and also as one who has 
given distinct impetus to present-day 
photoelectron spectroscopy, treats the 
latter as applied to small molecules. 
Particularly interesting is his discussion 
as to why previous emission and 
absorption photon spectroscopy failed 
to reproduce the molecular electron 
level systems. He concludes his chapter 
thus: “In the brief period in which it 


has been developed, photoelectron 
spectroscopy has had phenomenal 
success in revealing the electronic 


structure of matter in a particularly 
direct way. Chemists can see the orbital 
structure of even fairly large molecules 
and no longer have to rely on the 
predictions of theoreticians. Future 
advances in the study of solids, ad- 
sorbed species, etc., can confidently be 
predicted to yield information on the 
nature and functions of the electrons 
involved. It is also clear that the subject 
will provide a happy hunting ground 


for the physicist as well as the chemist 
for many years to come.” 

It is gratifying to see that indeed 
many chemists are already on the hunt- 
ing ground and with most rewarding 
results. One of the great hunters is no 
doubt E. Heilbronner who, together 
with his colleague J. P. Maier in the 
next chapter, gives many illustrative 
examples from his rich scientific 
experience in the field of organic 
chemistry. A corresponding account 


from inorganic chemistry is amply 
given by R. L. DeKock, written, 
according to the editors’ preface, 


during his stay in Beirut during “the 
troubled period of civil strife in 
Lebanon! ” 

High temperature studies of ultra- 
violet-excited electron spectra from 


World food 
supply problem 


World Food Resources; Actual and 
Potential. By Michael Allaby. Pp.vil 
+418. (Applied Science: London, 
1977.) £15. 





fuis ‘popular’, readable, fact-packed 
book is presumably aimed at the 
‘informed layman’. But much of it 
should interest the scientist, agricul- 
turalist or economist who wishes to see 
his speciality in better perspective. 
After an introductory chapter, comes 
a useful chapter (2) on population and 
on (economic as distinct from bio- 
logical) food demand, followed by two 
chapters on regional nutritional status, 
the cost of ‘modernising’ farming, the 
‘green revolution’, soils, water and 
fertilisers (3 and 4). Two historical 
chapters (5 and 6) are too UK-based 
to be useful. There then follow helpful 
chapters (7-9) about ‘advanced’ farm- 
ing and its dependence on non-solar 
energy inputs, on its genetic vulner- 
ability, on its ecological side-effects, and 
about alternative farm technologies. 
An interesting chapter (10) on fish 
is followed by one (11) on land reform, 
rural employment, farm credit, and so 
on, and the possible (reviewer’s italics) 
means of raising incomes and food 
production. Nevertheless, “we cannot 
be certain that those most in need of 
food will receive it’? (p357). The final 
chapters (12 and 13) are politico- 
economic and examine the likelihood 
that effective international trade. aid 
and monetary devices would help to 
secure food for the under-fed, for 
example. by making phosphatic ferti- 
liser available to poor countries. 
Allaby, if not pessimistic. is doubtful 
about the likelihood of positive inter- 
national action (chapter 13). But such 
doubts, one feels, are challenges to 
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halides is treated by one of the pioneers 
in this advanced form of the spectro- 
scopy, J. Berkowitz, and the volume 
ends with a chapter on two-parameter 
coincidence experiments by M. E. 
Gellender and A. D. Baker. This 
technique, as pointed out by the 
authors, is more tedious than the usual 
electron spectroscopy but is instead 
applicable to, for example, ions of 
chosen excitation energies. 

The applications of electron spectro- 
scopy are expanding rapidly and 
already there is a problem to keep 
abreast with achievements in various 
fields. The present high quality volume 
is most helpful in this respect. 

Kai Siegbahn 
Kai Siegbahn is Professor in the Fysiska 
Institutionen, Uppsala, Sweden. 





those scientists and agriculturalists who 
are, for instance, seeking techniques to 
make available to crop plants the 
phosphate that is now immobilised in 
the soil, or to raise the lysine content 
of maize or sorghum, or to devise 
more productive farming systems (for 
example, the work at the International 
Institute of Tropical Agriculture, 
Ibadan, Nigeria). Allaby fails, it seems, 
to appreciate the scope for increasing, 
by relatively inexpensive means, the 
efficiency of human food chains. A 
major function of those trying to raise 
such efficiency should be. one feels, to 
make food production and consump- 
tion in poor countries as biologically 
independent as possible both of income 
gradients and of international squab- 
bles, ideological differences, economic 
collapses and weather disasters. 

The book as a whole lacks editorial 
discipline: chapter titles could be less 
‘slick’ and more descriptive: more sub- 
titles in the text would help the reader; 
not all the many tables are necessary 
although some of them, it must be said, 
are not available elsewhere in printed 
form. The references are inconsistently 
presented (some on tables. some at 
chapter ends, some in the Bibliography) 
and at least one is missing. Finally, 
many of the frequent acronyms are not 
defined or are enigmatic except to 
those who just happen to know, for 
example, that FAO/IWP means the 
Indicative World Food Plan (TWP) 
issued by the United Nations Food and 
Agricultural Organisation (FAO) in 
1970. 

This is a readable and useful, but 
sometimes diffuse. confusing and 
perhaps unduly pessimistic contribu- 
tion on the world food supply problem. 
A much shorter, more disciplined 
version would be of greater use to the 
scientific community. A. N. Duckham 


A. N. Duckham is Emeritus Professor of 
Aericulture at the University of Reading, 
UK 
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Evolution 
updated 


Evolution. By T. Dobzhansky, F. J. 
Ayala, G. L. Stebbins and J. W. 
Valentine. Pp. 572 (Freeman: San Fran- 
cisco and Reading, 1977.) £11.60. 


Each co-author has written four chapters 
in this book, setting forth his own ideas, 
and reflecting his own involvement with 
biology and genetics. I have a feeling 
that this has inevitably, although in- 
advertently, resulted in some overlap, 
not necessarily of ilustrative material, 
but in the broad outlines of the ground 
covered. As might be expected, the most 
lucid passages are by Dobzhansky, to 
whose memory the book is dedicated. A 
notable ‘one-liner’ by him, “Nothing in 
biology makes sense except in the light 
of evolution’, is on a flyleaf following 
the title page. 

The chapter titles are as follows: 
“The Nature of Evolution’, “Patterns of 
Speciation”, “Evolution of Prokaryotes 
and Unicellular Eukaryotes”, and “The 
Future of Evolution” by Stebbins; “The 
Genetic Structure of Populations”, “The 
Origin of Hereditary Variation”, ““Phy- 


logenies and Macromolecules’, and 
“Philosophical Issues’ by Ayala; 
“Natural Selection”, “Populations, 


Races, Sub-species’’, “Species and Their 
Origins’, and “Evolution of Mankind” 
by Dobzhansky; “Transspecific Evolu- 
tion”, “The Geological Record”, “Cos- 
mic Evolution and the Origin of Life”, 
and “The Evolutionary History of 
Metazoa” by Valentine. These widely 
ranging topics certainly provide ample 


basis for a sweeping treatment of 
evolution. 
Molecular matters have apparently 


been assigned to Ayala, who is a popula- 
tion geneticist. He also describes his 
studies of polymorphism in Drosophila 
populations of various localities. Valen- 
tine is a geologist and palaeobiologist, and 
he has provided an excellent discussion 
of the fossil record of evolutionary rates, 
and the record of ancient life and environ- 
ment, including a welcome section on 
plate tectonics. Stebbins and Dobzhansky 
are both well known as authors of books 
and treatises on evolution. 

In commenting on the ‘evolutionary 
clock’, Ayala discusses (p309) the com- 
parison of amino acid differences be- 
tween a-haemoglobins of mammals and 
carp. He says that “the most recent 
ancestor to the four-legged mammals 
lived some 70 million years ago”, and 
therefore he concludes that the compari- 
son is useful for only 10° of the 700 
million years of evolution of the a chain. 
But this contention overlooks the fact 
that a-haemoglobin sequences are also 
available for kangaroo, echidna, chicken, 


viper and newt, and these fall in the 
intervening years. Ayala (p309) notes 
that differences between a-haemoglobins 
of man and mice (17) are less than be- 
tween rabbits and mice (28). (These 
differences are actually 16 and 27.) From 
this, he speculates that the rates of 
amino acid replacement may be in- 
creased by shorter generation time. The 
data he cites, however, are too scanty. If 
the B chains are compared, the man- 
mouse difference is 28 and the rabbit- 
mouse difference is 29, 

The subject of evolution embraces 
both the past and future of human 
beings. It therefore presents an irresis- 
table temptation to indulge in philo- 
sophical discourse. Three of the authors 
have availed themselves of this oppor- 
tunity, and Ayala holds forth on 
“Philosophical Issues” for the final 42 
pages, in which he provides us with such 
insights as “Common sense tells one that 
children resemble their parents and that 
good seeds produce good crops’, and 
“No organism can be truly independent 
of the environment”. I felt that Stebbins, 
and, more especially, Dobzhansky, had 
provided sufficient (and excellent) treat- 
ment of dissertational matters in chapters 
i4 and 15, so that the last chapter was not 
needed. 

In a comparison of cytochrome 
sequences, the table on pages 296 and 297 
shows only 20 identical positions shaded 
in grey, but 36 positions should have 
been so indicated. In addition, the 














Botanical 
heritage 


Dictionary of British and Irish Botanists 
and Horticulturists: Including Plant 
Collectors and Botanical Artists. By 
Ray Desmond. Pp. xxvi-+ 747. (Taylor 
and Francis: London, 1977.) £40. 
Ir there is one area in which the 
British Isles has been highly productive, 
it is in the generation of botanists, yet 
few of their names have survived 
except possibly in the specific names of 
certain obscure plants. Names like Ray, 
Gerard, Turner and Culpeper may still 
be familiar to many, especially those 
caught up in the recent general en- 
thusiasm for health foods, herbs, and 
so on. But many more names have now 
passed into oblivion as botanical ex- 
ploration and taxonomy have pro- 
gressed. This Dictionary has grown out 
of a desire to catalogue our British 
and Irish botanical heritage and to 
collate what information can be re- 
covered concerning the achievements 
of our deceased, plant-hunting fore- 
fathers. 

Each entry is set out in the form of 
details of date and place of birth and 
death, education, qualification and 
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sequence of residues 27—34 in Neurospora 
cytochrome is erroneous. 

Figure 2-3, page 26, depicts the anti- 
codors for UUU and GGU as AAA and 
ACC. These should be GAA and GCC. 
Figure 3-1 shows an erroneous codon for 
methionine, and represents purines by 
“Y”, which is the symbol for pyrimidines. 

All in all, the book is an excellent and 
up-to-date treatment of evolution, the 
subject that has spread like a network to 
encompass all the biological sciences. | 
could not help contrasting the wealth of 
material in this book with the fact that 
creationists are still largely successful in 
their efforts to minimise the teaching of 
evolution in schools in the USA. In June 
1977, a member of the California State 
Board of Education was able to expunge 
or garble certain sentences descriptive of 
evolution in the forthcoming new edition 
of Science Framework, a booklet of 
guidelines for teaching science. For, as 
Dobzhansky says (p439): “The mutually 
sustaining effects of biologists, paleon- 
tologists and anthropologists have made 
the theory of the evolutionary descent 
(or rather, ascent) of man impregnable 
... And yet some antievolutionists per- 
sist. Some of them are simply ignorant of 
the evidence, while others have so pre- 
judged the question that no evidence is 
meaningful to them”. 

Thomas H. Jukes 
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Thomas Jukes is Professor of Medical Physics 
at the University of California at Berkeley. 
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selected publications. Information con- 
cerning biographies, obituaries, herbaria 
and species graced with the botanist’s 
name are also given in abbreviated 
form. Only dead botanists are included, 
but all spheres of the subject are 
covered, from nurserymen to palaeo- 
botanists and physiologists. 

The obvious question one must ask 
when faced with this hefty and ex- 
pensive tome, concerns the use to 
which the book may be put. It is not a 
collection of historical anecdotes, and 
will not, therefore, serve as a book 
into which one may dip for entertain- 
ment, Its value is Hkely to be appre- 
ciated only by those undertaking 
serious historical studies into the de- 
velopment of botany in Britain. It is 
a book which will thus find its way 
into specialist libraries, but at this 
price it is hardly likely to attract the 
attention of individual botanists. It is 
essentially a work of reference which 
will lead the historically minded to 
obscure sources which would not other- 
wise be easily traced. 


Peter D. Moore 
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Peter Moore is Senior Lecturer in Plant 
Sciences at King’s College, University of 
London, UK. 
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Neutron 
scattering 


Neutron Scattering in Chemistry. By 
G. E. Bacon. Pp. 186. (Butterworth: 
London and Boston, Massachusetts, 
1977.) £12.50. 





IN writing this book, Professor Bacon 
has attempted a very difficult task. It is 
difficult firstly because any technique is 
likely to be able to contribute to many 
different branches of chemistry and 
secondly because neutron scattering is 
several techniques rolled into one. On the 
one hand, it is a structural tool and so 
immediately embraces the whole range 
of structural work on condensed matter 
including crystallography. In addition, 
however, the magnetic dipole moment of 
the neutron makes possible the study of 
magnetic structures and hence the deter- 
mination of unpaired spin densities. On 
the other hand, it is also a spectroscopic 
technique because the low energy of 
neutrons of wavelength comparable with 
molecular dimensions makes possible an 
energy analysis of scattered neutrons so 
as to reveal details of atomic and mole- 
cular translational, rotational and vibra- 
tional motions. It is this unique ability to 
probe explicitly the time-dependent struc- 
ture that makes neutron scattering so 
powerful. The range of problems which 
can usefully be studied, however, is 
always limited by the available neutron 
fluxes. 

For many years, it has been possible to 
study relatively complex structures but 
when the fourth dimension of energy 
analysis is added the flux determines the 
practicable energy resolution and there- 
fore the complexity of the problem which 
is amenable to study. A major advance in 
this respect was provided by the advent 
of the latest generation of high flux 
reactors within the past few years, and in 
particular the unique instruments at the 
Institut Laue Langevin, Grenoble. It is 
unfortunate that the timing of this book 
is such that only a very little of this 
exciting new work could be included. 

Professor Bacon (a Professor of 
Physics) has attempted to give a brief 
(~ 180 pages) and essentially qualitative 
description of some of the results of 
applying neutron scattering techniques to 
various areas of chemical interest. It is 
a book in which to find a summary of 
some of the things which have been or 
can be done using neutrons, rather than 
a detailed description of the underlying 
theory or of the chemistry. For the 
reader who wishes to pursue a topic to a 
greater depth, there is a general biblio- 
graphy of neutron scattering texts and 
conference proceedings and a list of 
references with each chapter. 

The first two chapters contain good, 
succinct descriptions, respectively, of the 


Principles of Neutron Scattering and 
Experimental Methods. Three chapters 
follow on crystallographic studies (Struc- 
tural Studies, Direct Methods, and Corre- 
lation of X-Ray and Neutron Data: X-N 
Syntheses) which contain some well- 
chosen examples of recent work. A brief 
chapter on Studies of Biological Materials 
contains a timely discussion of small 
angle scattering methods, but it is sur- 
prising to find no mention of specifically 
chemical applications of these techniques, 
such as the important studies of poly- 
meric materials. Two further chapters 
complete the discussion of crystal struc- 
ture investigations; the first (Measure- 
ments of Covalency) is concerned with 
magnetic scattering and the second with 
both Bragg reflection and diffuse scatter- 
ing studies of Defects and Non-Stoichio- 
metry in a variety of crystalline phases. 

In all of the above, as well as in the 
structual aspects considered in the last 
chapter on Liquids, Glasses and Gases 
the treatment is clear and authoritative. 
The two chapters not so far mentioned 
are entitled Molecular Spectroscopy and 
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Polymers. Here, the treatment is less 
satisfactory partly because, as mentioned 
earlier, it is in these areas where marked 
advances have very recently been made, 
since the availability of high resolution 
spectrometers. Nevertheless, this does not 
account for all the omissions: for example, 
there is no discussion of quasielastic 
scattering from molecular rotations, nor 
of solid-state diffusion; indeed, the treat- 
ment of quasielastic scattering does not 
begin to reflect the importance of this 
area of work (the omission of any refer- 
ence to Springer’s elegant 1972 mono- 
graph on the subject demonstrates the 
point). There should have been some 
mention of phase transitions and a more 
extensive discussion of phonon dis- 
persion in molecular crystals. In spite of 
the omissions, however, this is a timely 
and welcome book which goes some way 
towards filling a serious need 


A. J. Leadbetter 





A. I Leadbetter is Professor of Physical 
Chemistry at the University of Exeter, UK. 





Raman 
spectroscopy 


Raman Spectroscopy. By D. A. Long. 
Pp. xiii +276. (McGraw-Hill: New 
York and London, 1977.) £14.40. 





FoLLOWING the development of the 
laser in the early 1960s, there has been 
a boom in Raman spectroscopy. It is 
now a routine laboratory technique. 
This rapid progress has led to the pub- 
lication of several multi-author volumes 
and to the Journal of Raman Spectro- 
scopy. This book, however, is the first 
by a single author that aims to provide 
an “up-to-date survey of the whole sub- 
ject, setting Raman = spectroscopy in 
perspective, unifying the basic theory, 
illustrating the applications and poten- 
tial of the technique, and guiding the 
reader towards the specialist literature”. 

There are eight chapters and three 
appendices. Also, there is a central 
reference section of sixteen blue pages 
containing thirteen tables of formulae 
for intensities and polarisation proper- 
ties of Raman scattering by gases. 
Chapter 1 is a general introduction, a 
nice feature being the reproduction of 
the original 1928 papers by C. V. 
Raman and K. S. Krishnan and by G. 
Landsberg and L. Mandelstam in 
Nature and Naturwissenschaften, res- 
pectively. Chapter 2 describes the pro- 
perties of electromagnetic radiation 
and defines the four Stokes parameters. 
Chapters 3 and 4 present classical and 
partial quantum-mechanical treatments 
of Rayleigh and Raman scattering. 
They proceed at an easy pace and in- 
clude a very detailed account of the 


polarisability tensor. Chapter 5 is on 
time-dependent perturbation theory, the 
Placzek polarisability theory, resonance 
Raman scattering, and Raman optical 
activity. Experimental procedures are 
described in chapter 6 and numerous 
examples are discussed in chapter 7. 
The final chapter is devoted to non- 
linear Raman effects. Appendix I is a 
guide to the literature; H lists for the 
common point groups the symmetry 
classes of translations, rotations, 
polarisabilities and first hyperpolaris- 
abilities; and III describes a Raman 
study of a crystal. 

The style is lucid and the illustrations 
excellent (although the notation is not 
always attractive), so the book will be 
helpful to many students. It expounds 
at length some of the properties of 
cartesian tensors, and includes some 
very interesting and recent applications 
of Raman spectroscopy to problems in 
organic and inorganic chemistry. Some 
of the more physical topics, such as 
line shapes and Brillouin scattering 
from liquids, are not considered. In 
a few places, as in the description of 
magnetic and electric Raman optical 
activity on p131, there are errors; and 
the references are not always adequate 
(for example, the four references at 
the end of chapter 3 and those in 
Appendix I give no help to someone 
trying to understand non-linear polar- 
isation, introduced on p41). 

The book has been well produced and 
is good value. 

A. D. Buckingham 





A. D. Buckingham is Professor of Chemis- 
try at the University of Cambridge, UK. 
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obituary 





Gersh Budker 

PROFESSOR Gersh Itskovich Budker, 
Director of the Institute of Nuclear 
Physics of the Siberian Branch of the 
soviet Academy of Sciences, died on 
5 July 1977. With his death we have 
lost one of the most imaginative and 
colourful accelerator scientists. 

Professor Budker was born on 
| May 1918 in the Ukraine. He grad- 
uated from Moscow University in 1941 
and, after having served in the Soviet 
Army until 1945, began work at the 
Institute of Atomic Energy of the 
USSR Academy of Sciences. He was 
initially involved in nuclear reactor 
development but his interests gradually 
moved to accelerators for elementary 
particle research. In 1956 he also 
became professor at the Moscow 
Engineering Physics Institute. 

In the same year the Scientific 
Research and Educational Centre, 
\kademgorodok, was created just out- 
side Novosibirsk. This was a great 
challenge to creative young scientists, 


and it was natural that Budker, in 
1957, was appointed director of its 
Institute of Nuclear Physics. This 
Institute has been the source of an 
almost continuous stream of ideas and 
novel accelerator systems and very 
soon became known throughout the 
world. 


In his new position Budker was able 
to realise some of the plans he had 
already developed while at the Kurch- 
atov Institute in Moscow. His main 
theme was to provide colliding-beam 
facilities so as to bring his institute to 
the forefront of elementary particle 
physics without the heavy expenses 
required for more conventional accel- 


erators. He was not only afraid of 
great expense (he even sold accelerators 
in the ‘open’ market to boost his 


budgets), but also afraid of the inflexi- 
bility inherent in very large installa- 
tions. The programme he established 
was ambitious and daring and made 
heavy demands on ingenuity and 
drive. 

He had his first storage ring. VEP-1, 
working in 1963. An electron-positron 
device, VEPP-2 of 2700 MeV, was 
in operation from 1967, another one, 
VEPP-3 of 22.2 GeV, in 1972, and a 
fourth one, VEPP-4 of 2X7 GeV, is at 
present under construction. They have 
made it possible for his institute to 
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front-line 
meson resonances. Some of the rings 


perform experiments 


source of 
research in 


have also been used 
synchroton radiation 
solid state physics, etc. 

Budker had incorporated a two-way 
proton colliding beam device in the 
original plans for his Institute. He 
modified this in 1966 when he invented 
the so-called electron cooling of proton 
or antiproton beams, which made it 
feasible to propose instead a colliding 
beam project with antiprotons against 
protons. The electron cooling tech- 
nique was essential for the accumula- 
tion of sufficiently intense beams of 
antiprotons. 

But first the cooling principle had to 
be verified experimentally. With the 
limited means available at the institute 
this took longer than Budker had 
hoped and delayed the proton-antipro- 
ton plans. However, in 1974 his insti- 
tute could report most beautiful 
experimental evidence for electron 
cooling of a proton beam. This inven- 
tion and its experimental verification 
must be considered the peak of 
Budker’s career. The technique and its 
possible uses are being discussed in 
accelerator laboratories all over the 
world, and it is being considered in 
important plans both at the European 
Organisation for Nuclear Research, 
CERN, and at the Fermi National 
Accelerator Laboratory in the United 
States, 


as a 
for 


Although Budker and his institute 
became best known because of the 
work on accelerator devices, the insti- 
tute also has a branch that carries out 
research in plasma physics, which 
gives a very fruitful cross-fertilization 
between plasma physics and accelera- 
tor physics. 

Professor Budker distinguished him- 
self not only as a scientist, but also 
through his exceptional ability to 
stimulate and inspire his collaborators. 
His Institute is now 20 years old and 
has many remarkable achievements 
behind it. Nevertheless, it still retains 
an unusual pioneering spirit. Budker 
also felt very deeply about the whole 
philosophy that lay behind Akadem- 
gorodok and was a driving force in 
ensuring that this unique place became 
a centre of scientific achievements with 
a world-wide reputation. 

Budker was a member of the USSR 


Academy of Sciences. In 1967 he 
received the Lenin Prize for his con- 
tributions to the development of 
colliding beam devices. 

K. Johnsen 
Milton N. Bramlette 
MILTON NwuNN BRAMLETTE, the dis- 


tinguished American geologist, died on 
31 March, 1977. He was born in Bon- 
ham, Texas, on 8 February, 1896, 
attended preparatory school in St. 
Louis, and entered the University of 
Wisconsin, Madison, in 1914. 

His university studies were inter- 
rupted by World War 1. He enlisted in 
the aviation service, and qualified as a 
pilot, but too late in the war for com- 
bat service. He was discharged early 
in 1919 as a 2nd Lieutenant, and 
returned to Madison, where he gradu- 
ated A.B. in 1921. During two sum- 
mers he had served as assistant on the 
Wisconsin Geological Survey, running 
magnetic traverses across the iron 
ranges of northern Wisconsin. 

With this field experience and high 
academic record, he was appointed 
Assistant Geologist in the U.S. Geo- 
logical Survey in 1921. White head- 
quartered in Washington he «com- 
muted to Johns Hopkins for advanced 
work in stratigraphy. After field map- 
ping in Montana, Kansas and South 
Dakota, he took leave of the Survey 
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for graduate work at Yale. This was 
interrupted by field work in Mexico 
and Venezuela for the Gulf Oil Com- 
pany. He returned to Yale for further 
graduate studies in 1928-1930, when he 
resumed his appointment with the Geo- 
logical Survey. His doctorate was 
received in absentia in 1936. 

Bramlette soon entered into a close 
and remarkably fruitful association 
with that outstanding specialist in Mol- 
lusca, Wendell P. Woodring, for a 
series of brilliant stratigraphic studies 
in California: the Palos Verdes Hills, 
Kettleman Hills and Santa Maria Val- 
ley. It was then that Bramlette began 
his petrological studies of the sedi- 
mentary rocks, dealing especially with 
intrastratal alterations, phosphates, 
zeolites and siliceous cements, cul- 
minating in his classic paper on the 
cherts of the Monterey Formation. He 
also began his studies of Cenozoic 
micropalaeontology and with his keen 
discernment was soon able to identify 
many of the diagnostic foraminifera in 
the field with a hand lens. 

Bramlette was a principal investi- 
gator, along with W. H. Bradley and 
K. E. Lohman, of the transatlantic 
series of Piggott cores during the 
1930’s. With our current plethora of 
much longer deep sea cores, this work 
has ‘been nearly forgotten; nevertheless 
it was the first study of deep-sea strati- 
graphy and was highly significant in 
permitting the first correlation of 
European and American glaciations. At 
this time he laid the groundwork, 
through his studies of the Arkansas 
bauxite deposits, for the great increase 
in productivity of these mines during 
the submarine-induced crisis of the 
second world war. 

In 1940 Bramlette joined the faculty 
of the University of California at Los 
Angeles, where he remained until his 
transfer to the Scripps Institution of 
Oceanography in 1951, except for two 
years during World War II, when he 
worked on the bauxite deposits of 
Arkansas and Jamaica. 

At the Scripps Institution Bramlette 
began his highly rewarding studies of 
the fossil coccoliths. Because of their 
minute size and irregular forms, these 
organisms sink very slowly in the sea 
so that currents distribute them almost 
world-wide. Accordingly they constitute 
unusually. valuable time markers for 
the widespread correlations of marine 
sediments. Bramlette’s contribution to 
the development of such correlations 
was pre-eminent, and he continued as 
a world leader long after his formal 
retirement in 1964. 

Bramlejte’s versatility and profound 
scholarship were outstanding. He was 
elected to the National Academy of 
Sciences in 1954, was awarded its 
Thompson Medal in 1964, the Distin- 
guished Service Medal of the Depart- 


ment of the Interior in 1963, and the 
Doctor of Laws degree from the 
University of California in 1965. 

He died of emphysema on March 31, 
1977. He was a modest gentleman. 


James Gilluly 


A. L. Walpole 


DR ARTHUR WALPOLE died at Wilmslow, 
Cheshire on 2 July 1977, aged 64. 
Trained initially as a chemist (Imperial 
College London, B.Sc., Ph.D.), he spent 
a short period in the Department of 
Pharmacology, Edinburgh, and then 
joined the biological section of the new 
pioneer group in the Dyestuffs Division 
of ICI Ltd, in Manchester, which ulti- 
mately became the Pharmaceuticals 
Division. 

His early interest, on the implication 
of novel synthetic oestrogens in the 
treatment of tumours, coupled with the 
appointment of Professor (later Sir) 
Alexander Haddow as a consultant, 
began Walpole’s concern with cancer 
research, for which he is best known. 
His work fell under two headings. First 
came his collaboration with Michael 
Williams, who as Medical Officer for 
the Dyestuffs Division was deeply in- 
volved in its associated industrial 
hazards. Together over the years, with 
ad hoc synthesis where needed, they 
worked out — structure/carcinogenic 
relationships, particularly amongst the 
arylamines, which still remain of world- 
wide significance. 

Alongside this, and arising in part 
from the textile interests of the Divi- 
sion, Walpole was amongst the earliest 
(1947 onwards) to study the effect of 
introducing alkylating groups such as 
methylolamido, epoxide and aziridyl 
into potential tumour-inhibitory struc- 
tures. His recognition of the peculiar 
cytotoxic properties induced by these 
moieties again had implications for 
industrial safety. 

Walpole’s other over-riding interest 
was in the hormonal control of repro- 
duction and related phenomena. Thus 
researches around basic derivatives of 
the oestrogenic triphenylethylenes have 
recently led to a compound especially 
useful in the treatment of certain forms 
of mammary carcinoma. Likewise, he 
pioneered parallel studies in animal hus- 
bandry, first using certain disthio- 
diureas, and later the new synthetic 
prostaglandins. He was engaged on this 
latter work at the time of his death, 
two years after formal retirement. 

As a person, he naturally attracted a 
wide circle of friends and collaborators, 
and his other qualities extended deeply 
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into the arts. Above all, he was much 
concerned for humanity, whether in the 
mass or the individual. He leaves a 
widow, Dora. 

F. L. Rose 


G. G. Villela 


Proressor Gilberto G. Villela, the 
founder of modern biochemistry in 
Brazil, died on 17 July 1977, aged 73. 

Dr Villela was born in Minas Gerais, 
Brazil, on 12 July 1904. After graduat- 
ing in medicine in 1926 he entered the 
Oswaldo Cruz Institute with which he 
was associated, first as a student and 
then as a member of the staff, until 
the time of his death. 

Dr Villela was an authority in the 
field of biochemistry and he made 
many significant contributions specially 
in vitaminology and enzymology. An- 
other field of active interest was the 
biochromes, where he made many con- 
tributions to the study of animal pig- 
ments. His publications, more than 300 
papers, appeared in medical and bio- 
chemical journals in Brazil, Britain, the 
United States and elsewhere. He was 
also the author of several scientific 
books. 

Dr Villela visited, lectured and car- 
ried out scientific work at many 
important research centres all over the 
world, including the University of 
California Medical School (1945), Uni- 
versity College London (1949), the 
Pasteur Institute (1950), and New York 
University (1961), where he was a 
Visiting Professor, As a UNESCO 
representative he set up a new centre 
of biological research at the University 
of Rangoon, Burma (1967). More 
recently he went to Japan as a lecturer, 
at the University of Nagoya (1973) and 
as Chairman of the Xth International 
Congress of Nutrition in Kyoto (1975). 

Dr Villela was elected to several 
international scientific societies and 
received several medals and prizes. He 
was the founder and first President of 
the Brazilian Society of Biochemistry, 
and attended most of the Society’s 
meetings. 

Dr Villela’s life was fully devoted to 
his scientific interests which he pur- 
sued with enthusiasm and vigour. To 
his co-workers and students he was an 
inspiring and ever-helpful teacher. He 
enjoyed discussions; his mind was 
very critical but combined with a good 
sense of humour. He was a man of high 
moral standing and humanistic educa- 
tion. He will always be warmly remem- 
bered by all who knew him. 

He is survived by his widow Regina, 
one son, Gilberto, one married 
daughter, Sonia and a grandson, Pedro. 


Emilio Mitidieri 
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Don’t squander precious time on genes 


THE House of Commons Select Committee on Science and 
Technology is one of Britain's more valuable Parliamentary 
institutions. In the past it has held a number of important 
and useful inquiries—-into Lord Rothschild’s proposals for 
reorganising research council funding, for example, and 
Britain’s choice of nuclear reactors. Even if the conclusions 
of such inquiries have been open to criticism, they have 
often thrown much-needed light on some of the murkier 
corners of government decision-making. 

lt is, however, difficult to be entirely enthusiastic about 
the select committee’s decision last week to establish a sub- 
committee on genetic engineering-——which presumably 
means the implications of current research using re- 
combinant DNA techniques. Not that the subject lacks 
widespread public concern (perhaps more so in the United 
States than in Britain), nor that it is one on which poli- 
ticlans, in whose lap some of the important decisions may 
ultimately fall, are well informed. But the timing is wrong. 

lt is now over three years since the moratorium on 
recombinant DNA was announced by a group of scientists 
in the US, and in that time much has happened. Every 
country which carries out such experiments has now dev- 
eloped some form of control mechanism (some, admittedly, 
more effective than others). And in the process, the issues 


China’s path ahead 


Wer bring together in this issue of Nature a number of 
reports on recent developments in science within the 
People’s Republic of China, together with a note on the 
Peking/ Taipei conflict, which is at present reverberating 
within the international unions. Some of the barriers 
between the People’s Republic and the rest of the world 
were lifted five years ago, Yet it is still possible for the 
Chinese to spring surprises on us-—with their great wealth 
Of data, their respect for the role of the amateur in some 
scientific fields, and most recently with the obvious signs of 
a profound interest in re-establishing science and technology 
as a thoroughly professional pursuit. This latter trend can 
be seen not only in the way that university and institutional 
research is being revived for the purpose of obtaining 
economic benefits for the nation. but also in the way that 
certain selected branches of science with less obvious prac- 
tical benefits are to be stimulated. The all-China meeting 
in the Spring to discuss national policies on science and 
technology is bound to be a fascinating occasion. 

The path ahead for China is by no means simple, how- 
ever, Renewing a respect for pure research, for theoretical 


raised by the experiments have been subject to exhaustive 
scrutiny and debate. As a result, there now seems to be a 
general feeling that initial reactions may have been too 
strong. This cooling-off has undoubtedly been partly due to 
the successful lobbying of those with scientific and other 
interests in the continuation of such experiments. But there 
is also a general feeling among many scientists that the 
dangers, although real and potentially extremely hazardous, 
have been overplayed. 

In these circumstances, it is difficult to see what the select 
committee will be able to achieve. The area is not one 
which, like some previous issues, can claim to have suffered 
from lack of public debate. This is not to claim any par- 
ticular immunity for decision-making processes within the 
scientific community. But although such an inquiry would 
have been useful two years ago, there seem to be more 
pressing and potentially significant issues at the present 
time. Examples might be the Future needs for scientific man- 
power, or the definition and management of technological 
risk in general (which might, indeed, still be embraced by 
expanding the terms of reference of the new subcommittee). 
The select committee’s time is a precious commodity: it 
would be a pity if it was squandered on re-opening the 
scars of previous battles. B 


understanding as well as practical achievement, even for an 
elitist rather than populist approach, will not be casy after 
half a generation in which many of the invisible threads of 
tradition in the scientific method may have been damaged. 
But perhaps an even more difficult task will be for the 
Chinese to hold fast to those elements of people’s science 
which have proved so successful in recent years, most 
notably the accurate reporting of natural phenomena 
whether they be connected with health, agriculture or stir- 
rings within the earth. For in some instances this mobilisa- 
tion of the masses has had major successes—the use of 
amateur scientists in earthquake prediction, for instance, 
with many quakes now successfully predicted. puts the 
Chinese well ahead of the rest of the world. 

How maintain a broad public involvement in science and 
technology while giving the experts their head? And how 
cope with an almost inevitable demand from a fewly-arisen 
intelligentsia for a greater extension of human rights and 
liberties? These are among the questions that China must 
confront in the next decade with its new mood of 
enthusiasm for science. T 


Science in Hua’s China 


The key to modernisation 


Science is undergoing a renaissance in post-Mao China. 
The United States National Academy of Sciences has been 
keeping track of the changes, as Mary Brown Bullock reports 


N recent months many visitors to 

China, and the Chinese press, have 
been recording a dramatic change in 
China’s science and technology policy. 
Since the “smashing of the gang of 
four”, China has embarked on a prag- 
matic drive to achieve the ‘‘four 
modernisations’’—industry, agriculture, 
national defence, and science and tech- 
nology—by the year 2000. The sig- 
nificant aspect of the current use of 
this slogan is the new emphasis being 
placed on science and technology as, 
in Chinese parlance, the “key link” in 
supporting the other three sectors. 

The scientific renewal has been ex- 
plicitly endorsed in speeches by Chair- 
man Hua Kuo-feng and Vice-Premier 
Teng Hsiao-p’ing. It has also been 
evident in a spate of Chinese news- 
paper articles, scientific conferences 
and meetings, with the promise of more 
to come. As a result the broad outline 
of China’s revitalised science policy 
have become evident, 

The new focus includes basic re- 
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search, selective learning from foreign 
sources, specialised graduate training, 
and a new respect for professionalism. 
In the terms of China’s 25-year-old 
science policy debate, the tension be- 
tween “reds” and “experts” has eased. 
Both the masses and the professionals 
have contributions to make, but the 
cutting edge has returned to the 
experts. 

Some of these trends were observed 
by a high-level delegation of American 
scientists led by Dr Philip Handler, 
President of the National Academy of 
Sciences, and sponsored by the Com- 
mittee on Scholarly Communication 
with the People’s Republic of China, 
which visited China in June. During 
visits to five universities and more than 
25 research institutes in Peking, Tsing- 
tao, Wuhan, Shanghai, and Nanking, 
delegation members observed new 
vitality in research institutes, planning 
for more specialised graduate educa- 
tion, and a greatly strengthened role 
for the Chinese Academy of Sciences. 
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Euromoney 


These early impressionistic observa- 
tions have been confirmed during the 
past four months by the political rein- 
statement of China’s patron of science 
and technology, Teng Hsiao-p’ing, by 
official policies promulgated by the 
11th Party Congress, and by numerous 
articles in the Chinese press, Further- 
more, the selection as a member of the 
Politburo of Fang I, Vice-President of 
the Chinese Academy of Sciences, has 
continued to enhance the position of 
the Academy. 

A ministry-ranked institution, the 
Academy is now being assigned a 
major role in providing the scientific 
and technical expertise necessary to 
modernise agriculture, industry, and 
national defence. The Academy’s re- 
search institutes, of which there are 
over 60, and which were formerly 
under attack for their ‘elitism’, now 
receive encouragement and support 
from central and local authorities. 


New policies 
Two articles by leading Chinese 
scientists published in the authoritative, 
and usually political, Red Flag, reflect 
a number of the new policies. The first, 
entitled ‘Science and technology must 
catch up with and surpass advanced 
world levels before the end of the cen- 
tury’, was written by Chien Hsueh-sen, 
a former aerodynamics and rocket 
expert at California Institute of Tech- 
nology, who returned to China in 1955. 
Published in early July as one of the 
first detailed discussions of China’s new 
science policy, the emergence of the 
western-trained Chien as official spokes- 
man itself symbolised a major change. 
In a rather candid portrayal, Chien 
acknowledged a disparity between the 
state of Chinese and world science. But 
he went on to affirm that China could 
catch up through selective, critical 
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learning from foreign sources, provid- 
ed that “the role of the professional 
contingent in the field of science and 
technology” is brought into full play. 
He lists four basic areas for improve- 


ment data compilation, scientific 
instruments, quantification and stan- 
dardisation, and scientific and technical 
publications. 


The title of the second article, ‘Bear 
in mind Chairman Mao's concern for 
and teaching on education in science 
and technology’, is almost self-explan- 
atory. Written by Chou P’ei-yuan, vice- 
chairman of the Chinese Scientific and 
Technical Association, it cites Mao 
Tse-tung repeatedly in affirming the 
importance of theoretical research in 
the natural sciences and the need to 
up-grade China’s major universities. 
Chou joins a host of other authors in 
invoking not only Mao, but more con- 
vincingly former Premier Chou En-lai, 
in legitimising this renewed emphasis 
upon science and technology. 


Science conference planned 

Political support for Chinese science is 
also provided by China’s present-day 
leadership, Chairman Hua has person- 
ally addressed a number of scientific 
conferences, and has called for a 
national conference on science and 
technology to be held next spring. But 
it is Vice-Premier Teng Hsiao-p’ing’s 
imprimatur which is most evident. 

One of the key signals that a new 
policy was in effect, and that Teng was 
about to be rehabilitated, was the ofh- 
cial praising of Teng’s 1975 ‘Outline 
report on the work of the Academy of 
Sciences’. Repudiated when written as 
a “poisonous weed” by the ‘gang of 
four’, this article urged raising re- 
search standards within the Academy's 
research institutes. 

Not only are Teng’s pragmatic con- 
cepts now flourishing, but he also 
appears to be following Chou En-lat’s 
footsteps by taking a personal interest 
in meeting visiting American scientists, 
accompanied by senior Chinese scien- 
tists. These meetings, announced in the 
Chinese press, play an important part 
in enhancing the role of China’s 
intellectuals, 

It is too early to identify specific new 


directions in Chinese scientific and 
technological research. The confer- 
ences which have already been con- 
vened at both the national and 


provincial levels have been on a range 
of topics. including high energy phy- 
sics, agricultural sciences, and geology. 
Seminars have been held on develop- 
ments abroad in electronics, laser tech- 
nology. and communications, fields 
which have featured prominently in 
international exchanges. As more de- 
tails unfold concerning a proposed 1978 
National Conference on Science and 
Technology, and as publications ex- 


pand, additional research 
should become evident. 

It is also too early to predict how 
modifying China’s former autarky 
will affect its international scientific 
and technical relations. It is important 
to realise that modest exchange be- 
tween Chinese and Western scientists 
has been underway throughout the 
1970s. For example, over thirty 
Chinese scientific delegations have 
visited the United States since 1972 
under the centralised auspices of the 
Committee on Scholarly Communica- 
tion with the People’s Republic of 
China. Many more scientists and en- 


priorities 


gineers have participated in com- 
mercially-related programmes. 

Other nations have had similar 
experiences, and also have begun 


longer-term individual visits. Significant 
signs of a changing Chinese posture 
might be expected to include an in- 
in Chinese scholars studying 
abroad, the inauguration of coopera- 
tive scientific research programmes, 
and expanded purchases of foreign 
technology. 

There has recently been an expansion 
in the numbers of scientists and en- 
gineers from all countries visiting 
China, and they describe a scientific 
renaissance. Individual Chinese scien- 
tists describe themselves as being 
“jubilant” over the new policies. Hosts 
have been eager to arrange substantive 
itineraries and to provide opportunities 
for foreign scientists to meet individu- 
ally or in small discussion groups with 
Chinese colleagues. 

During October, for example, a 
series of joint seminars on specific 
topics in cancer and astronomy are 
being arranged for two CSCPRC dele- 
gations. Americans hosting visiting 
Chinese scientists and engineers have 
likewise remarked on the relaxed and 
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candid attitude of their visitors. A new 
dialogue appears underway. 

It is perhaps significant that leading 
Chinese scientists, Chou P’ei-yuan and 
Pei Shih-chang, were seated at the 
head table with US Secretary Cyrus 
Vance and the Chinese Foreign 
Minister, Huang Hua, during Vance’'s 
August trip to Peking. However, 
since the absence of diplomatic 
relations may provide some res- 
trictions to programmes with the 
United States, China’s interchange with 
Britain, Western Europe, Japan, and 
Australia will probably provide the first 
signs of major policy change. In this 
connection, an exchange of high level 
groups between the Australians and 
the Chinese Academy of Sciences has 
recently been planning seriously for 
longer-term programmes. 

Since the beginning of this decade, 
the developing and industrial world 
has been fascinated with China’s at- 
tempts to fashion a science and tech- 
nology policy which includes the 
masses, traditional science, and in- 
digenous technology. One need only 
remember the eruption of interest in 
the early 1970s when the rest of the 
world ‘discovered’ acupuncture and 
barefoot doctors. 

World attention is now focusing on 
the more technical, professional aspects 
of China’s new policies. Major changes 
in science and technology policy are 
certainly underway. But this new em- 
phasis will not entirely replace the 
heritage of the Cultural Revolution. 
Chairman Mao’s dictum that science 
should “serve the people’ has been 
refined by Chairman Hua’s “May 
science and technology flourish, and 
may the good news pour in”. The latter 
part of that phrase, “good news pour 
in”, however, suggests that results, 
now as before, are still expected. 
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Mass surveys to detect cancer 


Eleanor Lawrence, who talked to an American scientist 
recently returned from China, reports on the 
particular interest China holds for the cancer epidemiologist 


GROUP of cancer specialists was 


among the first medical teams 
from the United States to visit China 
in the more relaxed atmosphere 


following the fall from power of ‘the 
gang of four’. And according to one 


of the team, Dr Robert W. Miller. 
Chief of the Clinical Epidemiology 
Branch of the US National Cancer 


Institute, China turned out to be an 
aetiological wonderland for the cancer 
epidemiologist. In particular, the causes 
of several cancers, unusually common 
in certain regions of China are becom- 
ing amenable to study. The clues come 
from parallel incidences of similar 
cancers in domestic animals in the 
epidemic areas. The parallels have 
come to light over the past decade as 
a result of mass surveys. The patterns 
of incidence strongly suggest environ- 
mental causes for these cancers and 
this is the aspect the Chinese appear to 
be tackling most vigorously, 

Mass surveys and screening, largely 
carried out by the barefoot doctors and 
local people, are the most important 
and most emphasised aspect of China’s 
fight against cancer. The emphasis is 
on identifying high risk areas, early 
diagnosis and treatment, and preven- 
tion by health education. Where early 
diagnosis coupled with simple surgery 
is likely to be = successful, as for 
oesophageal cancer, it is widely prac- 
tised in the country hospitals and the 
success rate is high. Radiotherapy and 
sophisticated chemotherapy is available 
in hospitals in the large cities but 
Dr Wu Huanhsing, head of the On- 
cological Hospital of the Chinese 
Academy of Sciences in Peking 
believes that “you can’t treat cancer 
with a big machine”. 

Dr Li Ping, Deputy Director of the 
Cancer Research Institute in Peking, 
showed the American team the first 
results of a massive survey of cancer 
mortality, which eventually will cover 
all of China. Deaths from the com- 
moner types of cancer are recorded 
commune by commune (each com- 
mune consists of about 8,000—-10,000 
people) and maps made of the relative 
incidence of each type of cancer within 
a province. Of. the 29 provinces in 
China, one has already been completely 
mapped and six more are in prepara- 
tion. Already sharply-defined areas of 


high incidence of liver cancer, for 
e 
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This visit was sponsored by the National 
Academy of Sciences’ Committee on 
Scholarly Communication with the 
People’s Republic of China. 


example in southern China, can be 
seen, whereas lung cancer deaths are 
distributed non-randomly (as in similar 
maps prepared in the United States by 
the National Cancer Institute). Writing 
in the English language magazine 
China Reconstructs (October 1977) Dr 
Li estimates that a million barefoot 
doctors are engaged in the survey. 


Mapping high incidence areas 
The Chinese have set up some 30 bases 


for cancer study, prevention and 
treatment in villages, factories and 
mining areas throughout China, ın 


areas with high incidences of cancer. 
The clearest picture so far of cause 
and effect has been obtained for oeso- 
phageal cancer, which has an unusually 
high incidence in some regions of 
northern China, focused on Linhsien 
county. Among the 700,000 people in 
the county one new case of oesophageal 
cancer is diagnosed every 8 hours, 
some 50 times the rate for US whites. 

The high incidence of human oeso- 
phageal cancer is paralleled by a 
similar excess of gullet cancer in 
domestic chickens in the area, leading 
to the suspicion that both cancers 
might have a similar environmental 
cause. Important clues to the possible 
cause have been uncovered by the 
Chinese following the relocation of 
more than 50,000 people from Ling- 
hsien county to Changshun county, 350 
miles away, where the incidence of 
oesophageal cancer is low. When the 
people moved, in 1967-68, to allow a 
new reservoir to be built, they 
apparently did not take any of their 
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chickens with them but bought new 
birds when they arrived in Chungshan, 
from flocks hitherto free of gullet 
cancer. Since then, however, 12 
chickens of the 5,500 owned by the 
immigrants have developed gullet 
cancer although no cases have been 


reported in about 2,400 chickens 
belonging to the native population. 


This pointed to a carcinogen limited to 
the chicken’s immediate environment, 
but not apparently confined to Ling- 
hsien county. One suspect may be a 
pickled vegetable mix, a speciality of 
Linghsien, which could also be fed 
to the chickens in table scraps. Nitro- 
samines have been found in this mix 
and the American team has brought 
back samples, which will be tested in 
the Ames test amongst others, for 
mutagens which may also be carcino- 
genic. 

The American team commented that 
changing the chicken food from table 
scraps to grain would provide an un- 
ambiguous answer to whether the 
carcinogen was in food eaten by both 
chickens and people. The Chinese are 
indeed mounting a campaign in Ling- 
hsien county itself which is aimed at: 


preventing food and grain from 
moulding (toxins produced by some 
mould contaminants are suspected 


carcinogens), correcting a molybdenum 
deficiency in the soil, removing excess 
nitrates and nitrites from water and 
“changing undesirable dietary habits” 
—presumably to eliminate food con- 
taining nitrosamines. They are also now 
able to detect oesophageal cancer in 
its earliest stages by mass screening 
and the cure rate, by surgery, is 
apparently very good. 


Pinpointing several causes 
According to Dr Miller the Chinese 
are not so interested in pinpointing a 


specific cause, as in preventing 
cancer by controlling a range of 
possible causes. They believe that 


there is no one specific cause for any 
type of cancer and that at least four 
factors will be involved. This perhaps 
accounts in part for the resistance 
the American team found to the idea 
that lung cancer is overwhelmingly 
caused by cigarette smoking. A sub- 
stantial proportion of the population 
in China now smokes and the lung 
cancer rate is also increasing, although 
because cigarette smoking only became 
widespread in China some 20 years ago 
the full impact has not yet been felt. 

Another cancer which has an un- 
usual incidence in China and which also 
seems to be associated with a similar 
cancer in domestic animals is naso- 
pharyngeal carcinoma, which seems to 
cluster in southern China. In a rural 
area 100 miles from Canton, the 
American team talked to a barefoot 
doctor who told them that six people 
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in the 3,000 under his care had de- 
veloped the tumour in the past decade. 
Only when they returned to Canton 
did the American scientists find that 
nasopharyngeal cancer had been found 
to cluster in pigs elsewhere in Kwang- 
tung Province—the ‘snuffling pig 
syndrome. As with the chickens, this 
could point to a carcinogen limited to 
the immediate environment of the pig. 
a much more restricted environment 


than that of humans and easier to 


analyse. 

Hepatocellular cancer (liver cancer) 
is ‘epidemic’ throughout southern China 
and the Chinese are looking at hepato- 
cellular cancer and cirrhosis in 
domestic ducks, although no systematic 
survey has apparently been made. 
Studies on the inherited susceptibility 
to various types of cancer are not 
apparently given great prominence in 
China, prevention and early detection 
and treatment being stressed. But the 


Two major controversies 


T. B. Tang traces recent changes in China’s 
education policy and the status of her scientists 


OLLOWING the death of Chair- 
man Mao and before the ‘gang of 
four’ fell from power, the two major 
controversies in China concerned 
cultural activities and the educational 
system. It was in these spheres that the 
‘gang’ exerted influence for the 
longest period of time, and it is there- 
fore not surprising that these fields are 
now seeing the largest and most definite 
changes, with important implications 
for the development of science and 
technology. 

One early indication of this was the 
widely-publicised memorial meeting 
held for Chou Jung-hsin in August. 
Chou, who died last year, was a former 
Minister of Education, and had pre- 
viously held a leading post in the 
Academia Sinica: it was disclosed that 
he had been “framed” by the ‘gang’, 
and had suffered considerably as a 
result. An article by the Ministry of 
Education in the current issue of Red 
Flag now asserts that the educational 
policies in force during the 17 years 
before the Cultural Revolution were 
basically correct. It implies that the 
“Sixty-Point Document on Higher 
Education” prepared by the Ministry 


in 1961, could still be relevant today. 


Recent events indicate increased 
concern over higher education in 
science and technology. National con- 
ferences were held in September on 


compiling university text-books and, 
more crucially, on university enrol- 
ment. A new periodical, People's 


Education, also started publication in 
October to serve as a forum for dis- 
cussing changes in education policy. 

One of those changes affects appli- 
cants for university places. They are 
now to take the initiative in putting 
forward their own names for considera- 
tion rather than waiting for selection. 
Although the universities will continue 
the “open door” policy of enrolling 
workers, peasants, demobilised soldiers, 
and ex-students settled in the country- 
side, a policy of “walking on two legs” 
is to be followed, so that direct entry 
from middle schools is now allowed, 
and is in fact scheduled to account for 
about 30% of available places. 

In the universities, administrative 
responsibilities will be delegated by 
Party branch committees to principals 
and faculty and department heads, 
posts which had previously been 
abolished, but now are being re- 
introduced (‘revolutionary committees’ 
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American team obtained anecdotal 
evidence of several instances of very 
strong familial clustering possibly in- 
dicating genetic susceptibility. 

The American team also included 
pathologists, pharmacologists and 
clinicians and a full report of the visit 
will be published next year by the 
National Academy of Sciences. In the 
present climate of a free exchange of 
information, it should be one of the 
largest reports yet. C] 


— 


will be phased out). Entrance examina- 
tions which “are necessary in evaluat- 
ing the political and general educational 
level of entrants”, will also return, 
being held annually in July or August. 

Political education, however, will 
not be played down; most university 
students, for example, are likely to 
spend one month every year living and 
working with workers or peasants. 
China continues to encourage expan- 
sion of the ‘July 21’ workers colleges 
run by factories and mines, and agri- 
cultural institutes modelled on the 
‘Chao Yang’ college. They accept 
peasant-students selected by communes 
who return there immediately after 
graduation. 


Enrolling research students 

It is repeatedly stressed that “to 
achieve big progress in science and 
technology it is imperative to arouse 
the masses boldly’; but, for science at 
least, more importance appears now to 
be attached to “the backbone role of 
professional scientists’. The teaching 
curricula of many universities are being 
revised, and much effort is being spent 
on bringing textbooks up to date. 

Universities are apparently intended 
to serve as centres of both higher 
education and research. Together with 
institutes under the Academia Sinica, 
thev are preparing to enroll research 
students for the first time in ten years. 
Applications will be received this year 
until the end of December, and post- 
graduate training is planned to last 
three years. 1977 graduates will be 
allowed to take a proportion of the 
allocated places. 

Young people in China are increas- 
ingly urged to devote themselves to 
science. In the rationalist tradition of 
Marxism, socialist man is substantially 
equated with scientific man; an addi- 
tional persuasion now is the call of 
the four “‘modernisations”’, namely 
agriculture, industry, defence and, 
most importantly, science and tech- 
nology. ° 

In November a science week in 
Shanghai was attended by over two 
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million school students. And many 
leading scientists participated in a 


meeting of the Chinese Scientific and 
Technical Association in Peking in 
August, which was attended by over 
seven thousand middle school students 
and teachers of mathematics, physics, 
and chemistry. Delegates were exhorted 
to “acquire knowledge to scale new 
heights in science and our socialist 
motherland”. In a typically Chinese 
manner, the biologist and popular 
science writer Kao Shih-Chi composed 
a poem for the students entitled 
“Make Science and Technology Serve 
Our Motherland”. 

The latest drives in China’s educa- 
tional front are no doubt directed 
towards economic ends; but they also 
have political goals. The persistent in- 
centive is not materialistic—though 
such an aspect exists—but ideological, 
relying on popular enthusiasm. 

This brings us to the position of 
scientists. The attitude towards pro- 
fessionals and scholars has varied 
widely in recent times. Up to 1956, 
intellectuals were allowed to retain the 
status and privileges traditionally re- 
served for scholars in China as long 
as they modified their views to fit the 
current political mood. From 1960 up 
to the Cultural Revolution certain 
Party leaders conceded that academics 
and specialists were useful whatever 
their personal ambitions or political 
consciousness. 

After the Cultural Revolution and 
the advent of the ‘gang of four’ the 
policy changed. Intellectuals were con- 
sidered to be entirely dispensable unless 
they were “red”, which meant usually 
that they had not been “contaminated” 
with “bourgeois” ideas abroad, that 
they had not shown “individualism” by 
producing scholarly works, and that 
they were not in prominent positions 
and earning high wages. 


Working hard for socialism 


Today, according to the Political 


Report, “the overwhelming majority” 
of intellectuals “are willing to work 


hard for socialism and are indeed doing 
so”. Political apathy will not be 
allowed, and help and encouragement 
will continue to be given to intellectuals 
“to remould their world outlook’; at 
the same time, however, they will be 
guaranteed the conditions to put their 
abilities to good use. 

The “Circular on the holding of an 
All-Nation Conference on Science”, 
issued in September, announced the 
restoration of titles for technical 
personnel as a means of enhancing 
their sense of responsibility. The 
Academia Sinica, for example, now has 
research assistants, and assistant, 
associate, and full research fellows. An 
increase in wages took place at the 
beginning of October, with scientists 
among others—given priority for in- 
dividual recommendation. 

The Political Report states that one 
of the aims of the forthcoming All- 
Nation Conference is to “commend the 
pace-setters, especially those scientists 
and technicians as well as workers, 
peasants and soldiers who have inven- 
tions and innovations to their credit” 
The practice of awarding orders and 
decorations to scientists, first intro- 
duced in 1956, may also be restored. 

(he Political Report also suggests 
that the Chinese people should unite 
with “our countrymen overseas”: it 
appears that a State Department for 
Overseas Chinese Affairs may soon be 
formally set up. The main contribu- 
tion of ex-patriate Chinese, of which 
there are about 20 million, will be 
to act as bridges of friendship; but 
in particular cases they can do more. 

This year, for example, has already 
seen the visit of C. S. Wu and the three 
American—Chinese Nobel prizewinners 
in physics. For Yang Chen-ning it 
was his seventh trip, and in the last 
few visits he has collaborated on im- 
portant research projects. Another 
collaborative research project by 
Chinese scientists at home and overseas 
is the research on the heredity role of 
cytoplasmic mRNA, in which M. C. 
Liu and P. Y. Pang from Temple 
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University took part. 


International collaboration 

Perhaps significantly, the People’s 
Daily published on 3 October a poem 
entitled “A returned scientist’. But 
whether any overseas intellectual wish- 
ing to return to China, either short- 
term, long-term, or permanently, is able 
to do so remains essentially a political 
decision. 

The international transfer of science 
and technology takes many forms. The 
most obvious ones are importing in- 
struments, machinery, and complete 
plants, and acquiring information 
through the circulation of journals and 
reports, and through private communi- 
cation. But this transfer also takes the 
form of international movements by 
scientists and engineers. 

Many in the West will have, through 
direct or indirect contact, felt the 
expanding number of exchange visits 
with China, In addition, we have been 
given to understand that, at least for 
Chungshan University (situated in 
Canton and one of the 28 “key uni- 
versities’’), visiting professors may soon 
be welcomed, particularly from the 
Second World. And here the considera- 
tion will be mainly academic. 

Chungshan University has announced 
that it is arranging joint research 
projects with the Polytechnic of Hong 
Kong. This collaboration may be 
viewed primarily as a social relations 
exercise, but it is an important step. 

Another development, reflecting the 
emergent liveliness in Chinese scientific 
circles, is the recent appearance in Acta 
Astr. Sinica of a paper contending that 
the universe is closed. Apparently con- 
tradicting the Marxist dictum that the 
universe is not only boundless but also 
infinite, the paper might well have been 
refused publication, a few years ago. 

Recently, there have been many 
changes in China’s science and educa- 
tion policy. Most—if not all—are not 
reversals of previous ideas, but a re- 
newed emphasis on policies formulated 
in the era of Chairman Mao. The 
changes are necessary not only to 
repudiate the manoeuvres of a group 
now fallen from power, but also to 
prepare China for the conditions she 
is likely to face in the near future. 

In developing her science and tech- 
nology, China as a Third World 
country has had 28 years of useful 
experience which constitutes a basis on 
which she can fruitfully draw for 
future programmes. She is endeavour- 


ing to develop a modern technological 


society modelled neither on Western 
countries nor on Russia and is taking 
a path never previously followed. In 
China as in the West, however, there 
are many problems ahead, not the least 
being the social impact of progress in 
science and technology. LJ 
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Looking to the stars 


Professor Graham Smith, the British astronomer, 
visited China this autumn and returned feeling 
China needs a large injection of Western expertise 


NY scientist must be encouraged to 

hear that his government is in 
favour of a rapid expansion of his 
subject, and that adequate resources 
will become available. It must, how- 
ever, be a daunting prospect when 
excellence is required within a few 
years, especially when a lack of contact 
with contemporary science, and a long 
history of neglect and social turmoil, 
provide a starting point far behind the 
world’s front runners. 

The training of astronomers in China 
has suffered in recent years alongside 
all areas of university education. 
Nevertheless astronomy, and especially 
radio astronomy, is a well favoured 
subject in contemporary Chinese 
science. There is both a determination 
to achieve excellence in at least a 
handful of research fields, and an un- 
precedented encouragement of contacts 
with the West. 

On my visit to China in October as 
representative of the Royal Greenwich 
Observatory, I- was accompanied by 
Professor Wynne, who was particularly 
interested in optical design. We there- 
fore not only visited the major 
observatories but also the major optical 


institutes and factories, in most of 
which Wynne’s work on computer 
optimisation of lens design was being 


adopted. 

The main observatories in China are 
at Shanghai, Nanking, Peking and 
Kunming. Shanghai Observatory is 
mainly concerned with measuring time 
through the use of transit telescopes 
and astrolabes. It has an astrolabe of 
novel and advanced design, recently 
described in Acta Sinica Astronomica 
(an English translation of this journal 
is now available). Although Shanghai 
is a centre for the time service in 
China, it has no caesium clocks, and 
China takes no part in international 
efforts to maintain the Atomic Time 
Scale. 

Nanking has the famous Purple 
Mountain Observatory, where some of 
the most spectacular of the fifteenth- 
century bronze instruments are pre- 
served, and some astrophysical work 
and satellite tracking observations are 
now carried out. Peking Observatory 
has several departments, notably the 
optical observatory at Hsin Lun, 960 m 


above sea level and 1!0km NW of 
Peking, where there are several 


working telescopes, including a 60cm 
Cassegrain recently built at the Astro- 
nomical Optical Factory of Nanking. 
The same factory is now undertaking 
the construction of a 216 cm telescope 


for Hsin Lun. 

The radio observatory of Peking is 
at Mi Yun, about the same distance 
from Peking. The site is well chosen 
on a flat plain screened by hills from 
interference, and has a | km array of 
9m reflectors. And at Kunming, in the 
south-west of China in Yunnan pro- 
vince, there are solar and astrometric 
telescopes, and an active observatory 
which recently started a large expan- 
sion. 

Peking University has no research 
school in astronomy, even though radio 
astronomers are taught there. Their 
training has consisted of a third under- 
graduate year in radio astronomy, in 
which practical experience with a very 
elementary solar radio telescope played 
an important, but hardly advanced, 
role. The modern techniques of 
aperture synthesis and very long base- 
line interferometry (VLBI) were often 
mentioned, but there is naturally no 
direct experience of such important 
ingredients of modern radio astronomy, 
and no plans have yet been formulated 
of how to start, 

The radio observatory at Mi Yun is 
the obvious nucleus for any expansion 
in the subject. The 22 paraboloids of 
the | km array have recently been 
rebuilt, increasing their diameters from 
6m to 9m, and are used as a phased 
array at frequencies of 450 MHz and 
176 MHz. observing the sun. The 
angular resolution is to be increased 
by the addition of further paraboloids, 
spaced at further intervals of 1 km, 
and used in a switched system. 

The next development planned would 
be to rebuild the whole system for use 
in aperture synthesis, although this 
would be a very large task, involving 
amplifiers and separate cables for each 
paraboloid, a new complex receiver 
system considerably more sophisticated 
than the present simple switching 
receiver, and an on-line computer. 

My own view is that rapid progress 
of the necessary order could only be 
achieved by a determined infusion of 
ideas and techniques from the world’s 
large radio observatories. The problem 
of language is serious, since few visitors 
could even hope to learn Chinese, and 
surprisingly few of the Chinese astro- 
nomers speak English well. The main 
problem, however, is the lack of 
students and young research workers 
with any familiarity with modern work. 
It is essential for some of the best of 
young Chinese astronomers to spend 
considerable periods abroad; possibly 
two years in a major observatory would 





Fifteenth century astrolabe 
at Purple Mountain Observatory 


be needed. 

Although radio astronomy is at 
present the favoured subject, progress 
might be better made by concentrating 
on optical, or possibly on millimetre 
wave astronomy. The site of the Peking 
optical observatory is not particularly 
good, although it may be the best 
within reasonable distance of Peking. 
But there must be some very good sites 
in China, especially at the high altitude 
which millimetre wave astronomy 
demands. 

Kunming itself is at 2,000 m, and the 
skies are clear, while not far from the 
city are mountains over 2,500 m which 
might provide good sites. There is 
undoubtedly a wealth of good astro- 
nomy to be done with moderate sized 
optical telescopes; the worrying aspect 
of radio astronomy is that middle-sized 
radio telescopes may be no use in 
comparison with the giant arrays now 
being used, or constructed, in a few 
major observatories. 

In the observatories and institutes 
which we visited there are plenty of 
people, and there are new buildings 
which at Kunming reach a lavish scale. 
There must be room for a staff of at 
least 500 when the buildings are com- 
plete even though the observational 
work in progress at present would 
occupy a staff of only about 50 at an 
established observatory. Optical design 
is becoming well understood in China, 
and the techniques of optical working 
now extend to the figuring of mirrors 
up to 2.5m in diameter. 

Instrumental design has been well 
demonstrated in the new astrolabe 
constructed in Nanking and used in 
Shanghai and Kunming. Spectrograph 
design needs study, but *gratings are 
now available which are eruled at 
Chang-Chun, in northern China. Low 
expansion glass is now made in 
Shanghai, although only in pieces up 
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to I m in diameter. (The 216 cm mirror 
is a piece of pyrex made in Russia, and 
presumably imported almost 20 years 
ago.) 

There is much enthusiasm and a 
good-will towards astronomers which is 
refreshing and helps to make a visit to 
China an extremely pleasant occasion. 
The Chinese want to make real 


advances, and recognise that to do 
so they must participate in the 
international exchange of ideas which 
is an outstanding characteristic of 
astronomy. 

It would be very helpful to China’s 
scientists—-and surely very good for 
international good will—-if astronomers 
were sent abroad for extended periods 


Divide between Peking and Taipei 
rules out scientific cooperation 


The issue of the two Chinas is gradually 
concerning more scientists as the 
Peking government seeks membership 
in the international unions at the 
expense of Taiwan. Richard Harris, of 
The Times, who lived in China before 
and after the Communist government 
came to power, describes the historical 
background and explains why a two- 
China policy is unacceptable to either 
government. 


N 1895 China was ignominiously 

defeated in a brief war with Japan 
over Chinese suzerainty in Korea, and 
as a result Taiwan had to be ceded. 
China felt this defeat by Japan much 
more shameful than either of the 
earlier Anglo-Chinese wars in the nine- 
teenth century. Moreover, emotions 
were stronger in 1895 since by then a 
slow response to western intrusion had 
evoked a nationalism never before felt 
in China. 

The two decades following that 
defeat (which included the actual fall 
of the Ching dynasty in 1911) brought 
home to the Chinese the need for their 
twentieth-century revolution, and de- 
fined its objectives. These involved the 
regeneration of China-—-the Chinese 
term used for revolution has this mean- 
ing—so that it would again be united, 
independent and strong. 

United meant the return to the 
sovereignty of one government over all 
territories from which such sovereignty 
had been lost by China from 1840 on- 
wards. Independent meant the aboli- 
tion of any privileges otherwise 
acquired by foreigners—such as the 
treaty ports and the customs control 
exercised in accordance with ‘un- 
equal” treaties. Strong meant a China 
militarily and industrially the equal (if 
not the superior) of any country in 
the advanced western world. 

Ever since 1895 the loss of Taiwan 
has remainéd indelibly in the Chinese 
mind as a shame to be expunged. 
Along with other causes for shame, the 
emotions of Chinese nationalism sur- 
vived unappeased in this century until 


the first government strong enough to 
pursue the national objectives emerged 
in 1949, As the communist armies 
moved southwards in that year, all 
patriotic Chinese welcomed the end of 
foreign privilege, and foresaw that 
Chiang Kai-shek’s retreat to Taiwan 
could only be temporary since all his 
support had gone and his troops were 
demoralised. 

Suddenly, however, in quite unfore- 
seen circumstances, hopes of a united 
and independent China were dashed 
with the outbreak of warfare in Korea 
(not of China’s making), and President 
Truman’s decision to place American 
power between Taiwan and the in- 
tended assault on it from the mainland. 

Unlike the situation with East and 
West Germany, the incoming revolu- 
tionary government of 1949 therefore 
found itself facing exactly the same 
circumstances as earlier new dynasties 
when pockets of support for the de- 
feated dynasty were still resisting. Such 
redoubts of resistance had always main- 
tained their own legitimacy; by so do- 
ing they challenged the legitimacy of 
the incoming rulers in Peking. 

Moreover those who thought they 
had seen the end of foreign privilege 
and foreign interference in the affairs 
of China now saw just such foreign 
interference reasserted in favour of 
Chiang Kai-shek. An American se- 
curity treaty soon assured the island 
against attack, while American hos- 
tility to the People’s Republic for 20 
years impeded diplomatic recognition, 
and the occupation of the Chinese seat 
in the UN by the Peking government, 
which was retained for the government 
in Taiwan. 

As seen from the west, much has 
changed since 1950. Taiwan’s economy 
has shared in the growth area dom- 
inated by Japan. The circumstances of 
the Korean War have been forgotten. 
Why should Taiwan be “handed over” 
to the communists, it is asked. Further- 
more, now that the United States has 
changed its policy of containment to- 
wards China; and has established a 
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of study. The regeneration of Chinese 
science without such contacts will 
otherwise be a slow and uncertain 
process. Whether it occurs in radio or 
in other branches of astronomy will 
only emerge later, when there are 
sufficient trained young astronomers 
able to make their own educated 
choice. a 


mission in Peking, why should China 
not agree to American requests that 
the government in Peking should re- 
nounce any intention of occupying 
Taiwan by force? 

No one with any first hand experi- 
ence of Chinese nationalism, or know- 
ledge of Chinese history, could expect 
the Chinese to meet such demands. 
Consider them in reverse: would the 
Americans, solely at China’s request, 
be prepared to renounce action of 
some kind about territory that was part 
of the United States? 

Another argument offered by west- 
erners is to use the German analogy, 
and to ask why Peking should not be 
content to allow Taiwan a comfortable 
however, do not realise that the gov- 
ernment of the Kuomintang Party in 
Taiwan shares all the attitudes of the 
government in Peking. Each govern- 
ment claims to be the government of 
China; once the government in Taiwan 
renounced that claim, it would lose its 
raison d'être even if its reconquest of 
the mainland is an absurd ritual 
declamation. 

Whatever the arguments, there 1s no 
possibility that action by the west, by 
the UN, or by any other outsider can 
determine the future of this question. 
And of those who cling to the hope 
that the ‘‘Taiwanese’—-who certainly 
do not like the dominance of Kuo- 
mintang mainianders, and who find 
that dominance has not been much 
mitigated by the greater association of 
Taiwanese in government in recent 
years—-will assert their wish for in- 
dependence, one can only ask whether 
the record of Chinese history gives 
them any support at all. 

Foreign intruders have ruled parts 
of China at many times, and all of it 
in the case of the Mongols and 
Manchus (Ching). But at no point has 
the concept of unitary government for 
all persons who are Chinese ever been 
questioned—not even by the warloads 
of the twenties. Supporters of a “‘two- 
China theory” have been, are and 


always will be anathema to the 
government in Peking. 
This should explain why neither 


government will entertain any contact 
with the other, and why the battle be- 
tween them in all international! organis- 
ations, from the UN downwards, will 
allow no co-existence. i= 
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Israeli scientists woo Egypt 


AMONG the documents that Egyptian 
President Anwar Sadat took back with 
him to Cairo after his recent extra- 
ordinary visit to Israel was a list of 36 
international scientific conferences due 
to take place in Israel this year. 
Appended to that list was a request that 
Sadat facilitate the participation of 
Egyptian scientists in each of these 
conferences. 

A much more far-reaching proposal 
for scientific cooperation was made 
immediately after Sadat’s departure by 
Technion Professor Josef Rom, an 
aeronautical engineer now serving as a 
Likud member of the Knesset. Rom 
said that the current Israeli-Egyptian 
political dialogue should be accom- 
panied by concrete measures to foster 
joint programmes in as many spheres 
as possible, among them science and 
technology. “For example,” Professor 
Rom declared, “we must begin to plan 
and if possible to carry out bi-national 
projects such as the construction of 
atomic power stations and desalination 
plants in Sinar”. 

Such a scheme, in fact, was proposed 
many vears ago by Dwight DÐ. Eisen- 
hower. and endorsed by other Ameri- 
can leaders, all of whom thought it 
could help bring peace to the Middle 
East. Only later did it become clear 
that in the absence of peace, CO- 
operative development projects were 
simply not feasible. 

But before that scheme was finally 
shelved, American, Israeli and Egyptian 
scientists had come together at the Oak 
Ridge National Laboratory, then 
headed by Dr Alvin Weinberg, to work 
out details of how it could be carried 
out. They envisaged the installation of 


two reactors with a combined output 
of 1,000 MW in the El Arish area, 
south of the Gaza Strip. The power 
generated was to be used by newly 
established industries producing chemi- 
cals, fertilisers, plastics, and alu- 
minium, as well as for the operation of 
a plant to desalinate 1,000 million gal- 
lons per day of seawater—enough to 
irrigate some 300,000 acres of land in 


the deserts of Sinai and the neighbour- 


ing Negev. It was assumed that this 
American-financed programme would 
bring great material benefits to both 
Israel and Egypt and also provide 
employment opportunities for Arab 
refugees in the Gaza Strip. 

In the interval most of these refugees 
have obtained jobs in Israel and many 
other things have changed. But Dr 
Gerald Stanhill, an Israeli scientist who 
helped work out some of the agricul- 
tural aspects of the scheme, hopes that 
it will be revived in one form or 
another. 

At the same time, Dr Stanhill warns 
against the dangers of prematurely pro- 
moting “intensive, California-style agri- 
culture” in a country like Egypt 
because this would involve an enor- 
mous investment in money and trained 
manpower as well as flooding Egypt's 
already overcrowded cities with “fella- 
heen” who would lose their jobs in the 
countryside and fail to find new ones 
in the cities. 

But quite independent of the Sadat 
visit, Stanhill and his colleagues at the 
Volcani Centre of Agricultural Re- 
search have been considering how low- 
technology irrigation techniques similar 
to those used on Israeli moshavim 
(smallholders? settlements) could be 


Euratom burns its public relations’ fingers 


RELATIONS between the European Com- 
mission and the environmentalist lobby 
got off to a bad start on the first day 
of last week’s public hearings into 
nuclear energy with the publication of 
a report purporting to show that the 
European Atomic Energy Community 
(EURATOM) was planning a propa- 
ganda campaign to sway public opinion 
in favour of nuclear energy. 

The “evidence” for this claim was a 
report “Design of a Task Force to 
Build Public Awareness and Support 
for Nuclear Power”, prepared under a 
Euratom study contract, which was 
produced at press conferences held 
simultaneously in Brussels and Rome 
by the Italian Radical Party and anti- 
nuclear lobby. 

The report, prepared by Allessandra 
Ovi of the Nuclear Engineering De- 


partment at the Polytechnic Institute 
of Milan, and written in November 
1976, described the details of a com- 
munication process which would 
“successfully tackle” public opposition 
to nuclear power. 

Techniques suggested for achieving 
this included making use of the 
“authority and credibility” of senior 
members of the medical hierarchy to 
diffuse a pro-nuclear message. The 
report recommends setting up a task 
force of experts who would “design 


adequate messages” to provide a 
coordinated response to nuclear 
opponents. 


The commission’s first response to 
the Italians’ charge of manipulating 
public opinion was to dismiss the 
document as a “forgery”. Later, how- 
ever, when copies of the document 
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introduced into the Egyptian country- 
side in a way that would substantially 
improve living standards without de- 
stroying the existing fabric of society. 
And these techniques—together with 
those from dozens of other countries— 
are being brought to the attention of 
the world’s farmers and researchers 
through the efforts of the International 
Irrigation Information Centre (HIC) 
located at Volcani. 

Even so, personal contact is bound to 
be a more effective means of communi- 
cation. This can be seen in the Gaza 
Strip, controlled by Israel since 1967. 
There Egyptian-trained agricultural in- 
structors were taught Israeli techniques 
in irrigation and other spheres, and 
then brought them to loca] farmers. As 
a result, average annual production in 
agriculture has grown by 25.4% (as 
compared to 6-7% in Israel), while 
income per farmer has risen from $130 
to $732. 

There is enormous enthusiasm 
among Israeli researchers—be they 
working in agriculture, medicine, elec- 
tronics or geophysics—to establish 
close contacts with their counterparts 
in Egypt, by far the largest and most 
developed scientific centre in the Arab 
world. 

Weizmann Institute President Mich- 
ael Sela was undoubtedly speaking for 
many others when he said this week 
that the Institute “soon hoped to have 
visiting scientists not only from Ber- 
keley, London, Paris, and Tokyo, but 
also from Cairo and Alexandria”. 
“Moreover,” Professor Sela added, “if 
our researchers can spend their sab- 
baticals on the banks of the Thames or 
the Seine, there is no reason why they 
shouldn’t be spending them on the 
banks of the Nile”. 

Nechemia Myers 


were produced bearing the EURATOM 
Study Contract Number 605-76-03, the 
commission admitted its authenticity. 
But according to the commission, 
the document bore no relation to 
official policy. It had apparently been 
a sub-contract made under a much 


_ larger contract (to which the contract 


number referred) on the general 
assessment of nuclear risk. 

The report had been immediately 
disowned by EURATOM when its 
existence had become known in June 
of this year, with firm, instructions that 
the line of inquiry it indicated should 
not be pursued further. How it got 
into the hands of the Italian environ- 
mentalists is not known; but its very 
existence, and the swift reaation which 
it aroused from the commissign, was 
sufficient to add an initial jarring note 
to the three-day hearing. 

David Dickson 
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New broom at the DHSS 


FFORTS to streamline the admin- 

istration of medical research have 
been promised by the new chief 
scientist at the UK Department of 
Health and Social Security, Professor 
Arthur Buller. 

The promise is likely to be widely 
welcomed by Britain’s medical science 
community. There has been growing 
frustration in recent months at the 
burdens imposed on research by the 
implementation of Lord Rothschild’s 
proposals for research council funding. 

Professor Buller brings to the job a 
growing awareness that the Medical 
Research Council (MRC) and the 
DHSS must work closely together, and 
with mutual trust, if the new system is 
to be made to work. Only this, for 
example, will avoid the DHSS present- 
ing the research council with requests 
—-gsuch as a “cure for schizophrenia” 
—that are impossible to meet at the 
present time. 

A close liaison will also, Professor 
Buller feels, avoid a repetition of the 
situation that arose two years ago when 
the Government’s economic problems 
led to hastily imposed cutbacks of 
department research budgets, and con- 
sequently a reduction of £900,000 in 
the money available to the MRC from 
the DHSS. 

“Tt is impossible to maintain any 
type of meaningful relationship be- 
tween the two bodies if this type of 
thing, which happens when administra- 
tion gets quite separated from research, 
is liable to take place. From the MRC's 
point of view, last time was a near 
disaster.” 

Professor Buller, whose appointment 
was announced last week, will take up 
his new position with responsibility for 
a £28m research budget from the 
beginning of January. He is keen to 
reduce the extra administration that 
the Rothschild proposals have involved, 
a desire he shares with the new sec- 
retary of the Medical Research 
Council, Professor James Gowans. 

Unlike many scientists, however, he 
does not criticise the philosophy behind 
the proposals, under which about 25%, 
of the MRC’s £52m research budget is 
now allocated by the department to the 
research council on a ‘‘customer-con- 
tractor” basis. 

According to Professor Buller, the 
problem lies in ‘the way that this has 
been done. “In the past, too much of a 
meal has been made of being seen to 
implement Rothschild. An enormous 
exercise, which has been expensive and 
time-consuming for both scientists and 
adminfstrators. has been mounted so 
that both sides could demonstrate that 
they were carrying out Rothschild’s 
recommendations”, he says. 


By cutting down on this type of 
activity, while concentrating on what 
remains necessary to maintain an effec- 
tive partnership between the MRC and 
the DHSS, Professor Buller hopes to 
simplify the administrative system be- 
tween the two bodies, without any loss 
of effectiveness, And it is a goal which, 
he claims, is already shared by the 
DHSS. 

Professor Buller has been seconded 
to the department from the University 
of Bristol, at which he is professor of 
physiology and dean of the faculty of 
medicine. He shares a general reputa- 
tion claimed by the university for 
pragmatism rather than politics in 
administrative affairs, although mem- 
bership of the non-academic staff 
salaries committee has made him no 
stranger to the latter. 

Buller gained further experience In 
the world of medical politics at the 
MRC itself, where he is at present 
chairman of the neurobiology and 
mental health board and a council 
member. The board’s main concern in 
recent years can, he says, be succinctly 
summarised: “We have spent our time 
trying to live with Rothschild”. 

One of Buller’s aims likely to receive 
widespread support among scientists is 
his desire to return the initiative on 
research back to the research worker. 
The most important thing, he stresses. 
in avoiding the waste of money Is to get 
good scientists doing research, and then 


Indian science reorganised 


THe Indian government has now issued 
a list of the 17 laboratories that it 
intends to detach from their present 
position with the Council of Scientific 
and Industrial Research (CSIR) and 
relocate within user ministries (10 
November, page 89). They are: ten 
research associations (to Industry). 
three museums (to Education), the 
Indian Institute of Petroleum (to 
Petroleum and Chemicals), the Road 
Research Institute (to Transport and 
Shipping), the Central Fuel Research 
Institute (to Energy) and the Building 
Research Institute (to Welfare and 
Housing). 

In contrast to the earlier fears that 
the government would dismember 
CSIR and shatter morale, first re- 
actions seem to be relef that the 
transfer has only affected laboratories 
most easily housed in a ministry, i 


Following a Maoist path 


Romanian science is being systemati- 
cally ruined “on the Chinese model”. 
according to Dr Mihai Dediu, a Roma- 
nian mathematician recently exiled 
with his family to Italy after his cam- 


Nature Vol. 270 8 December 1977 





Arthur Buller, new chief sctentist 


to a certain extent to follow their 
judgements. 

The real need is not the development 
of ways of directing research from out- 
side, but the successful application of 
its findings. “We need to keep a very 
sharp eye on ways in which the re- 
search being done by scientists in ivory 
towers can be exploited for the 
improvement of health care”, he says. 

“In the past a number of important 
discoveries have lain fallow and not 
been exploited. Penicillin is an example 
where a failure to pick up the pos- 
sibilities early enough meant that the 
industrial lead was given to the US. I 
am very keen to avoid this type of 
thing in the future’. 

David Dickson 


paign for genuine scientific activity. 

Although throughout the Comecon 
block social doctrine states that science 
must serve the economy, in most states 
this is no more than a slogan; pure 
research continues following Brezhnev’s 
dictum that “there is nothing more 
practical than a good theory’. In 
Romania however, following President 
Ceauscescu’s visit to China, a new trend 
began by which all institutes of pure 
research were gradually turned into 
what Dr Dediu describes as “litthe more 
than factories”. 

Chemistry was the first to suffer— 
there is now no faculty of chemistry 
at all, only chemical engineering. The 
mathematics institute was destroyed in 
1975 and some of the mathematicians 
were transferred to the Institute of 
Physics, some to industry. The Institute 
of Physics. in its turn, became the In- 
stitute of Physics and Instrument Pro- 
duction in autumn 1976. According to 
Dr Dediu, the Academy of Sciences no 
longer exists as a scientific forum. The 
whole emphasis is upon politics. Even 
Madame Eleana Ceauscescu, the wife 
of the leader, has been appointed an 
academician although she has no scien- 
tific training. 
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Dr Dediu himself was involved in 
these changes, being employed at the 
Mathematics Institute at the time of 
its destruction. He was then transferred 
to the Physics Institute, but was dis- 
missed before it was re-modelled. 

Vera Rich 


Change into genes 


Britain’s House of Commons Select 
Committee on Science and Technology 
is to set up a subcommittee on genetic 
engineering under the chairmanship of 
Mr Arthur Palmer, Labour MP for 
Bristol North East. The members of 
the committee will be announced 
shortly, and it Is expected that the 
subcommittee will begin public hear- 
ings-—-to which Ministers are likely to 
be invited to give evidence-—-early in 
the new year. 


Conserving ener 

5 SY 
THe European Commission in Brussels 
is considering plans to set up a group 
within the energy directorate concerned 
directly with the problems of energy 
conservation. 

The suggestion for such an initiative 
was made by various environmentalist 
groups during the public hearings on 
nuclear energy held in Brussels last 
week, the first of a series of such hear- 
ings on issues related to energy policy. 

At the end of the three-day hearings, 
the chairman Dr Guido Brunner, who 
is commissioner for energy, announced 
that the proposal would be seriously 
considered by the commission, and 
that it was likely to be put into effect. 

The hearing, which concentrated 
particularly on future energy require- 
ments, saw a number of confrontations 
between the pro- and the anti-nuclear 
lobbies, with many well-worn positions 
being rehearsed by either side. 

Putting the case for nuclear power, 
for example, Dr Rudolf Guck of 
Badenwerk AG suggested that the 
declining supply of fossil fuels, leadfng 
to a steady climb in prices, would make 
nuclear energy an increasingly- 
attractive economic proposition. 

According to Dr John Chessire of 
Sussex University, however, current 
forecasts of future electricity demand 
were too high. In addition, whatever 
the price of uranium, fast breeder 
reactors would, he claimed, be 
uneconomic compared with thermal 
reactors. 

Criticism of the European Com- 
mission’s own energy policy as being 
“obsolescent” and ignoring “the real 
needs of society” came from Dr Peter 
Chapman, director of the Energy 
Research Group at Britain’s Open 
University. 

In a presentation that appeared to 
make a particular impact on Dr 
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Prophet of nuclear doom 


Mr Tony Benn, UK Secretary of State 
for Energy, appeared to enjoy last 
Friday's debate in the House of Com- 
mons on nuclear energy. 

The debate was brought by Ponty- 
pool MP Mr Leo Abse, whose con- 
stituents, he said, live within SO miles 
of “one of the largest concentrations 
of nuclear reactors in the world... 
eight reactors in operation and 
two more planned”, 

Abse, who had been briefed by Tom 
Burke of Friends of the Earth, was 
demanding a government response to 
the Flowers report, which indicated the 
dangers of a headlong dash to depen- 
dence on nuclear power. Not mincing 
words, Abse raised the question “is a 
plutonium based economy compatible 
with democracy?” and addressed it 
with some eloquence. 

Abse is not exactly pro-nuclear. He 





\ UNFORTUNATELY , MOST oF THE 
AUTONIUM WE PRODUCE GOES 
TO POWER OUR SELURITY system! 


ended “If we, avaricious for the 
apparently easy wealth that nuclear 
energy could bring, enter into a 


Faustian pact with a meretricious 
atomic destiny, we may have doomed 
our children or grandchildren to the 
loss of their liberties, if not their lives”. 

But that style is very much Mr 
Abse’s. In more sober moments he 
took a view broadly against plutonium, 


but not against nuclear energy as such. 
His points were cogent-—as indeed 
are many of those raised by the 
Friends of the Earth. Tellingly, Benn 
was delighted with Abse’s speech, 
which he thought “in a classic pro- 
phetic mould”. Atbse’s, said Benn, was a 
“philosophical, penetrating, and per- 
ceptive speech, and I hope that it will 
be widely read and studied”. Benn was 
at pains to point out that in matters 
of such difficulty it was worth listening 
to everyone and that “the pressures 
that are brought to bear are not—as 
is sometimes suggested—-only those 
brought by the environmental lobby 
against the innocent nuclear power 
lobby”. Benn went on “In my political 
life I have never known such a well- 
organised scientific, industrial, and 
technical lobby as the nuclear power 
lobby. It is not so much the Friends 
of the Earth as what Eisenhower might 
have called the nuclear industrial 
complex of which I am aware as a 
Minister.” 

With that view, one might have 
expected Benn to be more forthcoming 
on the question of an inquiry into the 
proposed building of a commercial 
prototype fast breeder reactor in the 
UK, the £2 billion CFBRI. Mr Peter 


Shore, Secretary of State for the 
Environment, has promised a fast 
breeder inquiry separate from the 


recent Windscale planning inquiry, 
which investigated the extension of 
reprocessing facilities at Windscale. 
Asked if the government had indeed 
committed itself to an inquiry on the 
fast breeder Benn said “We have not 
yet decided to set up the inquiry’. And 
yet he added “We shall not reach a 
decision (on the CFBRI1) until there 
has been an inquiry”, 

Mr Tom King asked for confirmation 
that the government would not take 
a decision on fast breeders until the 
inquiry, and suggested that the 
Minister had not even discussed the 
question of an inquiry with other 
Ministers. Is there progress towards an 
inquiry, he asked? Benn, apparently 
cornered, answered “I cannot under- 
take that there will be a debate . 
when we have settled the thermal re- 
actor question I shall be better able 
to answer”. 

Robert Walgate 
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Brunner and other members of the 
commission present, Dr Chapman 
claimed that the commission’s policy 
was at least four years behind that of 
the UK, and that the supply and 
demand forecasts which it had been 
putting forward were inappropriate, 
and of a “very low standard”. 

“There seems to have been no 


analysis of the economics of nuclear 
systems and no awareness of the 
importance of storage and transport 
costs”, said Dr Chapman. 

The next public hearing: which will 
be held in Brussels on 25 Jantary, will 
discuss some of the problems raised by 
the safety aspects of nuclear energy. 

David Dickson 
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What about the peace prize? 
Sir,--I am not surprised that, in the 
normal way, the only Nobel Prizes to 
which you pay attention (27 October, 
page 744) are the prizes for physics, 
chemistry and physiology and medicine. 
This year, however, scientists have 
cause to take particular pleasure in the 
award of the Peace Prize. The 1977 
Nobel Prize for peace was awarded to 
Amnesty International, who-—as your 
own columns have not infrequently 
reported—have often been involved 
with helping scientists among the many 
prisoners of conscience for whom they 
work. 

J. A. EADES 
University of Bristol, UK 


Limited tenure 


Sır, —Both the present Director of the 
Imperial Cancer Research Fund, Dr 
Michael Stoker, and his successor, 
Professor Walter Bodmer, are on 
record as believers in “the virtues of 
limited tenure as a means of main- 
taining high quality in research’’. These 
are fine, high-sounding epithets, but 
what they actually mean for scientists 
carrying out research during short 
contracts is something totally different. 

The majority of indigenous talent in 
cancer research in England is recruited 
at the doctoral or immediately post- 
doctora! levels; very often the “virtues 
of limited tenure” brutally mean-—get 
out by the age of thirty, or certainly 
not much later. Nobody engaged in 
activities other than scientific research 
in the same institute, from the 
administrators to the catering staff, 
receive such cavalier treatment; indeed, 
it would be against the law. Often the 
PhD student or post-doctorate will 
feel it necessary to justify himself to 
his superiors by working long hours, 
to the detriment of his social life, if 
not his health. Certainly this will 
maintain high output, if not also “high 
quality in research”. In addition, the 
financial return compares badly with 
many other professions, quite apart 
from such incidental mishaps as the 
refusal of building societies to grant 
mortgages because an income cannot 


be guaranteed for the appropriate 
period of time. And of course the 
searing intellectual corrosion, the 


shame, “the agonising losses of self- 
confidence and self-respect that 
characterise the phase of unemploy- 
ment and readjustment—-inevitable in 


many cases—these are the price each 
individual has to pay for having done 
a highly skilled job cheaply and to the 
best of his ability. 

It is perhaps unfair to single out 
the ICRF for blame in a situation in 
which the market for research 
scientists is presently glutted by talent 
of an exceptionally high order in 
virtually all scientific disciplines; in 
which the governing principles of 
employment in grant-aided research for 
those not medically qualified are 
primarily cheapness and expendability 
as opposed to merit or achievement. 
It is easy to spread an ambivalent gloss 
over the realities of the situation by 
glamorising the advantages of short- 
term appointments as a means of 
achieving academic excellence, though 


even this is a highly questionable 
thesis. Conversely, it is perniciously 


wrong that gifted young people, often 
guided into cancer research for reasons 
that have nothing in common with 
self-advancement, should be called 
upon to pay such a bitter and a heavy 
price for their altruism. 
ROBERT JONES 

Tübingen, West Germany 


Funding of basic research 


in chemical thermodynamics 


Sir,—-The membership of the 1977 
Calorimetry Conference is deeply 
concerned with the continuing decrease 
in funding of research in chemical 
thermodynamics, especially thermo- 
chemistry and thermophysics, and the 
resultant decrease in data productivity 
in this field in the past several years. 
Examination of publications and of 
Calorimetry Conference programmes 
shows the greatest decrease to be in 
the areas of heat capacity measure- 
ments and of heat effects in chemical 
reactions (combustion calorimetry, 
solution calorimetry, etc.). These are 
the primary sources of new thermo- 


dynamic data for science and tech- 
nology. 
In North American universities, 


experimental expertise is in danger of 
being lost in important areas, particu- 
larly combustion calorimetry. Pro- 
grammes in heat capacity calorimetry 
and in reaction-solution calorimetry 
are also suffering. Attention is called 
to the following points: 


The production of fundamental thermo- 
physical and thermochemical data for new 
materials, and for materials not previously 


studied, is not now sufficient for the 
evaluation of new processes and applica- 
tions. Many key areas are no longer being 
studied. These fundamental data are 
required for effective research and 
development in virtually all aspects of 
energy and technological materials 
programmes. 


The precise determination of the appro- 
priate properties of carefully selected “key 
compounds’ is important because the data 
provide anchor points for making critically 
evaluated estimates and = correlations of 
the properties of whole classes of com- 
pounds. This allows the data base to be 
expanded greatly on the basis of a 
relatively small number of carefully 
chosen measurements. 


Acquisition of new data of technological 
significance on a realistic time scale 
requires continuous funding to keep 
available the highly sophisticated equip- 


ment and manpower in laboratories 
necessary for energy-related measure- 
ments, in other words, to maintain 


capability, The initial investment that has 
already been made could be lost if 
sufficient funding is not continued. 
Continued acquisition of fundamental 
calorimetric data has been demonstrated 
as an important endeavour in the solution 
of practical problems in many areas of 
science and technology. It is an econ- 
omical endeavour. leading to increased 
efficiency in the choice of materials, the 
design of production facilities, energy 
conservation, and the selection of 
appropriate large-scale technology. 
Fundamental thermodynamic data are 
also necessary for the critical testing and 
evaluation of theoretical advances in 
chemistry. 


The conference urges that govern- 
mental, private, industrial, and univer- 
sity laboratories, ir the light of the 
above comments, consider their antici- 
pated needs for chemical thermo- 
dynamic information and identify the 
level of support required (manpower 
and facilities) to supply the informa- 
tion at a rate commensurate with the 
need. 

Particularly where substantial fund- 
ing reduction has occurred—perhaps 
originally as a temporary measure-— 
consideration should be given to 


restoring support on a continuing 
basis. 

Assurance of multi-year support 
rather than a strict year-by-year 


support is recommended because of the 
resulting economies and because the 
production of high quality data 
requires a continuity of trained and 
experienced experimentalists. 
Yours faithfully, 

CHARLES E. HOLLEY 
Calorimetry Conference Committee, 
University of California, USA 
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news and views 





Ribosomal gene organisation in Tetrahymena 


from Carol Klukas 


THe finding of a single copy gene for 
rRNA in the micronucleus of the pro- 
tozoon Tetrahymena by Yao and Gall 
(Cell 12, 121; 1977) 1s the latest result 
of their investigation into the structure 
and organisation of the rRNA genes in 
this organism. It leads the authors to 
suggest that Tetrahymena may repre- 
sent an evolutionary linkage between 
eukaryotes and their prokaryote-like 
ancestor. 

Tetrahymena, a ciliated protozoan, 
contains a germinal diploid miucronu- 
cleus which maintains the genetic 
continuity of the organism, as well as 
a polyploid macronucleus, which is 
formed after conjugation from the 
zygotic nucleus. The macronucleus 
functions as a somatic nucleus directing 
most of the cell’s transcriptional acti- 
vity during vegetative growth, but is 
destroyed at the end of each sexual 
generation. By DNA-RNA hybridisa- 
tion using the 25S and 17S rRNAs of 
Tetrahymena, Yao et al. had previously 
shown that although 0.3% of the DNA 
in the macronucleus (which contains 
23 times as much total DNA as the 
micronucleus) codes for rRNA (about 
200 copies per haploid genome) only 
about 0.03%, of the micronuclear DNA 
is rDNA (Proc. natn. Acad, Set. 
U.S.A, T1, 3082: 1974). Moreover, the 
vast majority of the rDNA in Terra- 
hymena exists as extrachromosomal 
pieces, about 13 x 10" daltons, each con- 
taining two copies of the rRNA genes 
arranged in a palindrome (Karrer & 
Gall, J. molec. Biol. 104, 421; 1976; 
Engberg et al. J. molec. Biol. 104, 455; 
1976). 

Considering the micronuclear origin 
of the macronucleus and the 10-fold 
difference in the rDNA content of the 
two nuclei, it is reasonable to suggest 
that the extrachromosomal rDNA of 
the macronucleus arises by amplifica- 
tion from one or a few rDNA copies 
integrated into the germinal chromo- 
somes of the micronucleus. Working 
Carol Klukas is in the Department of Bio- 
physics at King’s College, London. 


from this hypothesis, Yao and Gall 
have tried through their experiments to 
establish the molecular basis of this 
amplification, asking whether or not 
the rR NA genes are in fact integrated 
into the micronuclear genome and if 
they are, do they have the same palin- 
dromic structure as in the extrachro- 
mosomal rDNA in the macronucleus, 
and furthermore are there any rDNA 
copies integrated into the macronuclear 
chromosomal DNA? 

To answer the first question Yao and 
Gall digested macronuclear and micro- 
nuclear DNA individually with restric- 
tion endonucleases. EcoRI cleaves 
Tetrahymena rDNA at one site yield- 
ing two classes of fragment (10x 10° 
and 1.6% 10° dalton) from the extra- 
chromosomal rONA palindrome. Yao 
and Gall digested micronuclear DNA 
with EcoRI and identified the frag- 
ments containing rDNA sequences by 
radioactive cRNA probes. They found 
the 10x10ë and 1.6 10° dalton frag- 
ments (probably as a result of unavoid- 
able contamination with macronuclear 
rDNA) but also a third fragment of 
§.3x10° daltons. They interpret this 
to be derived from one end of an in- 
tegrated rDNA gene together with its 
flanking chromosomal sequences. This 
fragment appeared as a band of very 
low intensity suggesting that a very few 
copies at most of this integrated struc- 
ture exist in the genome, most prob- 
ably only one. 

By analogous restriction enzyme 
mapping experiments with BamHI and 
Haelll Yao and Gall show that in fact 
the EcoRI digestion of the integrated 
gene also yields a second fragment of 
10x 10° daltons. This was not recog- 
nised in the first instance because it 
comigrated in the agarose gel with the 
largest of the extrachromesomal rDNA 
EcoRI digestion products which con- 
taminated the preparation. These two 
10x 10° dalton fragments are not iden- 
tical, however. In extrachromosomal! 
rDNA the fragment is palindromic so 
that digestion with additional restric- 
tion endonucleases is always symmetri- 


cal. In microsomal rDNA subsequent 
digestion is not symmetrical, indicating 
that the 10x 10° dalton piece includes 
only 5x 10° daltons of rDNA, the other 
half being the piece of chromosomal 
DNA immediately adjacent to the in- 
tegrated gene. Yao and Gall conclude 
that the rRNA gene integrated into 
the micronuclear genome of Tetra- 
hymena exists as a single copy and not 
in the palindromic structure observed 
in the macronucleus nor in a tandem 
array. 

To determine whether there are any 
integrated rRNA genes in the macro- 
nucleus the same digestion experiments 
were carried out on macronuclear 
chromosomal DNA as free as possible 
from contaminating extrachromosomal 
rDNA. No digestion products contain- 
ing rDNA sequences (except for the 
bands attributable to the contaminating 
extrachromosomal rDNA) could be 
seen. Thus it is probable that no rRNA 
gene is integrated into the chromoso- 
mal DNA of the macronucleus. 

These findings lead directly to the 
conclusion that the extrachromosomal 
rDNA palindromes of the macro- 
nucleus must be derived from the 
single integrated rRNA gene in the 
micronucleus. Yao and Gall propose 
a very plausible model for this synthe- 
sis and amplification assuming that 
there exists at the end of the integrated 
gene a palindromic sequence just long 
enough to allow branch migration to 
occur. This would provide a primer for 
the replication of the integrated rDNA 
sequence and the newly synthesised 
sequence could eventually be released 
from the chromosome as one folded 
DNA chain which could then replicate 
semiconservatively to generate the 
palindromic moleculé observed in the 
macronucleus. 

The finding of only one or a few 
chromosomally integrated rDNA se- 
quences in the micronucleus of 
Tetrahymena is reminiscent of the low 
multiplicity of rDNA in prokaryotes 
and in the organelles such as mito- 
chondria of higher eukaryotes; how- 
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ever, there is no other eukaryotic 
system in which rDNA has been found 
integrated in the nuclear chromosomes 
as a unique sequence. 

But perhaps in the case of Tetra- 
hymena this situation seems quite 
reasonable. The micro and macro- 
nuclei can be considered analogous to 
the germinal and somatic cells of 
higher eukaryotes except that, with the 
two nuclei occupying the same cell, the 
micronucleus does not have to direct 
the synthesis of ribosomes to support 


itself. The macronucleus can supervise 
the household functions such as trans- 


cription and translation. Perhaps in 


higher eukaryotes where the somatic 
and germinal functions occur in 
separate cells it is necessary to have 
multiple rDNA genes integrated into 
the germinal chromosomes in order to 
achieve the rRNA synthesis needed to 
maintain the germinal cell. Hence, 
‘Tetrahymena may represent an evolu- 
tionary linkage between eukaryotes and 
their procaryote-like ancestor.’ = 


Electron diffraction up to date 


from A. Howie 


A conference on Electron Diffrac- 
ton was held at Imperial College, 


London on 19-21 September, 1977. 





Few fields can surpass electron diffrac- 
tion in illustrating the disparity in the 
pace of scientific revelation and the 
more measured tread of technological 
change. The fiftieth anniversary of the 
subject, marked by the conference, 
proved to be a timely occasion to dis- 
cuss the recent work which has at last 
realised the promise held out by the 
initial experiments. Although the two 
main active branches of the subject 
stem directly from the original low 
energy reflection experiments of Davis- 
son and Germer and the high energy 
transmission experiments of Thomson 
and Reid, progress in both cases has 
been dependent on major instrumental 
technology such as the development of 
electron microscopes and ultrahigh 
vacuum equipment. As emphasised by 
T. Mulvey (University of Aston) in an 
entertaining review of the early work, 
formidable problems of specimen pre- 
paration had also to be overcome. 
The high energy work is now con- 
centrated in electron microscopy which 
has become a key discipline both in 
materials science and in biology and 
depends (as in the Abbé theory of the 
optical microscope) on the transmission 
diffraction imaging process. The 
diffraction contrast method, most 
widely used in materials applications, 
does not resolve the atoms directly but 
can provide images of crystal defects 
at a resolution of 1.5nm (with weak 
beam methods) and an accuracy of 
2x10°nm in the atomic displace- 
ments. It is particularly suitable for 
structures like metals with small unit 
cells and was described by Sir Peter 
Hirsch (University of Oxford) who con- 
centratéd on the detailed way in which 
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dynamical theory can explain the ob- 
servations both qualitatively and 
quantitatively. Improvements in elec- 
tron microscope performance have 
stimulated considerable activity in 
direct lattice imaging, discussed by 
J. M. Cowley (University of Arizona) 
with reference to the study of complex 
oxides and related materials with large 
unit cells. The information about the 
projected structure obtained in this way 
is of great significance in numerous 
chemical and mineralogical applica- 
tions as well as in biology. 

Despite the activity in real space 
imaging, all interest in the transmission 
diffraction pattern itself has not been 
lost, particularly for the study of 
diffuse scattering in highly disordered 
materials. In addition, the use of con- 
vergent beam diffraction patterns taken 
from small areas of crystalline speci- 
mens using focused illumination and 
pursued for many years by P. Good- 
man and colleagues at CSIRO 
Melbourne, has become a much more 
routine technique with better vacuum 
and other instrumental improvements. 
A major contribution to the meeting 
by J. W. Steeds and his team (Univer- 
sity of Bristol) showed how local 
information about structure, composi- 
tion and lattice parameter can be 
conveniently obtained from convergent 
beam patterns taken along crystallo- 
graphic zone axes. It can be predicted 
that this technique will be increasingly 
popular, particularly in the context of 
scanning transmission microscopes 
where extremely small areas can be 
probed. 

The increasing use of zone axis 
orientations, previously avoided be- 
cause of the large number of diffracted 
beams excited, was perhaps the best 
evidence presented of the mounting 
confidence in the use of high energy 
diffraction theory in such situations. 
This has followed increases in com- 
puting power and efficiency enabling 
features of electron microscope images 
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to be interpreted more and more quan- 
titatively with various plane wave 
formulations of dynamical theory but 
has also been helped along recently 
by several useful tricks borrowed from 
molecular and solid state valence 
electron theory. Indeed for the band 
theorist, high energy diffraction theory 
has emerged as an exciting new two- 
dimensional game with a ‘ball of vari- 
able mass whose behaviour becomes 
classical in the limit of tight binding. 
Electrons rarely scatter only once, 
particularly in the low energy electron 
diffraction (LEED) range. The develop- 
ment of a successful dynamical diffrac- 
tion theory has therefore been even 
more crucial in the recent use of 
LEED for detailed studies of surface 
structure. Probably the key here was 
the recognition about 1969 of the im- 
portance of inelastic scattering des- 
cribed by an optical potential which is 
now fairly well understood over the 
whole energy range, even if some basic 
questions such as the treatment of 
thermal diffuse scattering or the use of 
the Dobye Waller factor in LEED may 
require more study. S. Y. Tong 
(University of Wisconsin) gave an ex- 
cellent survey of the recent results on 
surface structures. About 80 structures 
have now been determined including a 
considerable number of gas-covered 
surfaces so that the stage of looking 
for trends and general principles has 
now been reached. The fit between 
theory and experiment, though not 
quite perfect, is most impressive and 
generates considerable confidence that 
the structures deduced will be con- 
firmed when tested by other methods 
such as X-ray diffraction, in the case 
of sufficiently perfect underlying crys- 
tals, or angle-resolved Auger emission 
and similar techniques which lean on 
LEED for their interpretation. More 
speculative topics on which some pro- 
gress was reported were the use of 
spin-polarised LEED and of surface 
resonance effects when a diffracted 
beam is parallel to the surface. 
Surface structure can also be studied 
by reflection high energy electron 
diffraction (RHEED) at glancing 
angles. J. B. Pendry (Daresbury 
Laboratory) described efforts to extend 
LEED theory to this case using the 
‘chain method’ where scattering from 
atomic rows is treated as a cylindrical 
problem. The ultimate advantage of 
electron diffraction over X-ray diffrac- 
tion, the ability to form real space 
images, can be pressed home much 
more easily at these energies, particu- 
larly using scanning electron micro- 
scopy. It looks probable, therefore, 
that yet another development in in- 
strumental technology will eventually 
allow electron diffraction to extend its 
steady progress to the detailed study of 
real surfaces. C] 
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Energetics and 
antibiotic uptake 


from J. R. Saunders and 
Venetia A. Saunders 


ALTHOUGH the modes of action of most 
antibiotics are well established, much 
less is known of the processes by which 
such drugs are taken up by bacteria. 
In a recent paper (Antimicrobial 
Agents Chemother. 12, 163; 1977) 
Bryan and Van Den Elzen propose a 
mechanism to explain the transport of 
one particular group of antibiotics, the 
aminoglycosides. 

The accumulation of streptomycin 
(or gentamicin) by bacteria can be 
divided into three phases. The initial 
phase is energy-independent and appar- 
ently involves ionic interaction of drug 
molecules with the bacterial surface. 
This is followed by an energy-dependent 
phase (EDP-D, which occurs before in- 
hibition of protein synthesis by the anti- 
biotic. In cells that are sensitive to 
streptomycin, but not those that are 
ribosomally resistant, this is followed 
by a third phase (EDP-H) which is also 
energy-requiring. This phase marks the 
onset of inhibition of protein synthesis 
and loss of cell viability and is charac- 
terised by a higher rate of strepto- 
mycin accumulation than EDP-I. 

Bryan and Van Den Elzen have 
found that mutant strains of Escheri- 
chia coli deficient in haem production, 
ubiquinone production or active trans- 
port mechanisms accumulate less 
streptomycin or gentamicin than cor- 
responding parental strains. In addition, 
such mutants show increased resistance 
to those and most other amino- 
glycosides. But they exhibit an 
increased susceptibility to the amino- 
cyclitol antibiotic spectinomycin. This 
corresponds quite well with the fact 
that this drug is more effective than 
the aminoglycosides against anaerobic 
bacteria. Increased uptake of radio- 
active streptomycin was observed in a 
mutant that is unable to couple oxida- 
tive phosphorylation to electron trans- 
port (Unc”) and is also found defective 
in membrane-bound ATPase. It is 
interesting that this strain is hyper- 
sensitive not only to aminoglycosides 
but also to spectinomycin. 

If streptomycin is transported into 
bacteria by means of a specific carrier 
system then compounds of closely re- 
lated structure might be expected to 
compete with it. This is apparently 
not the case, but accumulation of 
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How many species? 


from A. Hallam 


A LIVELY controversy has grown up 
among palaeontologists in recent 
years about whether marine inverte- 
brate species numbers, or richness, 
increased systematically through the 
Phanerozoic or whether an equill- 
brium situation has existed, with the 
apparent increase through time being 
an artefact. The leading advocate of 
the first view is J. W. Valentine, who 
has argued for an order of magnitude 
increase from the early Palaeozoic to 
the late Cainozoic, while the steady 
state alternative has been propounded 
principally by D. M. Raup. 

Raup (Paleobiology 2, 289; 1976) 
estimated the number of species de- 
scribed for each of the geological 
periods by tabulating new species re- 
ported in the Zoological Record, and 
established a strong correlation be- 
tween apparent species numbers and 
the present areal distribution of rocks 
per system. Now Sheehan (Paleo- 
biology 3, 325; 1977) has come up 
with another interesting finding, hav- 
ing made a study of those palaeon- 
tologists expressing interest in fossils 
of particular systems, using data from 
the Directory of Palaeontologists of 
the World. It turns out that there is 
an excellent correlation (r = 0.94) be- 
tween the number of carefully 
defined ‘palaecontologist interest units’ 
and the number of described species 
per geological period. Sheehan con- 
cludes that the total numbers of de- 
scribed species do not seem to reflect 
meaningful estimates of the original 
diversity. 

In his reply to Sheehan, Raup 
acknowledges the good correlation 
established between the number of 
species described and the number of 
interested palaeontologists, as well as 
outcrop area, but maintains that 
nothing very positive can be inferred 


aminoglycosides in either whole bac- 
teria or spheroplasts is antagonised in 
the presence of divalent cations. This 
could imply that these antibiotics are 
taken up by a carrier for such ions. 
Unfortunately no system capable of 
carrying a wide range of divalent 
cations has been described. A further 
significant finding is that calcium ions 
are less effective in inhibiting strepto- 
mycin uptake in a ubiquinone-deficient 
(ubiD) mutant than in the wild type. 
This indicates that ubiquinone has a 
direct role in the transport of this anti- 
biotic. There is indeed a very good 
correlation between susceptibility to 
aminoglycosides and the possession of 
respiratory quinones, Thus obligate 
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from this. He prefers the view, 
though he cannot prove it, that geo- 
logical systems with more available 
rock have more species and hence 
more species are described. In other 
words most  palaeontologists are 
attracted to the most fossiliferous 
rocks! 

Is there any way out of this 
impasse? Apparently there may be, 
provided a distinction is drawn be- 
tween assemblages from different 
environments, which can be com- 
pared from period to period. This has 
been attempted by Bambach (Paleo- 
biology 3, 152: 1977), who analysed 
data from hundreds of fossil assemb- 
lages from three different types of 
environment, as inferred from the 
facies. The high stress, marginal 
marine environment always has the 
lowest faunal diversity and the open 
marine environment the highest, 
while the variable nearshore environ- 
ment has intermediate values. Bam- 
bach’s data seem to indicate that 
within-habitat variation in species 
numbers is small for long intervals 
of time, and that the number of 
species has increased by a factor of 
about four since the mid-Palaeozoic, 
with variable nearshore environments 
showing a less pronounced increase 
than the open marine, while the high 
stress environments show no signi- 
ficant change. Thus Valentine seems 
to be partly vindicated, but sub- 
stantial problems of interpretation 
remain, notably the factors control- 
ling within-habitat species richness. 
Bambach speculates that changes 
through time of availability of food 
resources might be the most signi- 
ficant, but this is clearly an area 
demanding much further study. 
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anaerobes such as Clostridium per- 
fringens which have no respiratory 
quinones are resistant to aminogly- 
cosides. On the other hand, aerobic 
organisms possessing ubiquinone or 
menaquinone are usually sensitive to 
these drugs. Furthermore, aerobically 
grown cells of E. coli are many times 
more sensitive to these drugs than are 
anaerobically grown cells. This suggests 
that uptake of aminoglycosides is 
dependent on energy derived from 
aerobic metabolism. 

A simple explanation far the data 
obtained would be that aminoglycoside 
transport requires carriers that are 
dependent on trans-membrane proton 
motive force. However, in the absence 
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of an identifiable carrier for such anti- 
biotics Bryan and Van Den Elzen pro- 
pose an alternative hypothesis. They 
envisage that EDP-I represents trans- 
port of aminoglycosides across the 
cytoplasmic membrane by a process 
involving “the aerobic membrane en- 
ergisation complex”. The respiratory 
quinones probably act directly by bind- 
ing streptomycin and transporting it 
across the membrane. A further but 
less likely possibility is that these 
quinones act indirectly by activating 
another component of the complex or 
a transport protein. EDP-IJ occurs 


because membrane-bound ribosomes 
have a higher affinity than the trans- 
port system for streptomycin. Sensitive 
ribosomes consequently act as a sink 
for accumulating drug molecules. This 
would explain why EDP-II is lacking 
in strains which are ribosomally re- 
sistant to streptomycin. The exact 
mechanism of aminoglycoside uptake 
requires verification, but the insights 


provided by this work should help in 


the design of aminoglycosides and pos- 
sibly other antibiotics with increased 


penetrability. 
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Serum albumin structure and function 


from Michael Geisow 


ALTHOUGH serum albumin is one of the 
most familiar and abundant proteins, 
many aspects of its structure and func- 
tion remain obscure, although knowl- 


edge of more exotic proteins has 
frequently reached the stage of 
detailed molecular models. In conse- 


quence it is pleasing to be able to report 
recent developments which give a 
clearer picture of this much studied, 
but poorly understood protein. 

Roles traditionally assigned to albu- 
min include the transport of fatty acids 
and other metabolites in plasma, al- 
though a host of minor functions 
continue to be suggested and discussed. 
Albumin is principally synthesised in 
the liver and recent work has brought 
its biosynthesis into line with that of 
other secretory products of cells. 
Albumin exists intracellularly with a 
six amino acid NHb»-terminal extention. 
As in the case of proinsulin, this pro- 
form is actually made with a further 
NHo-terminal ‘pre’ peptide, which is 
removed at the sites of synthesis. 

The impetus for much new work on 
albumin stems from the complete se- 
quences of bovine (581 amino acids) 
and human (582 amino acids) albumins. 
These are the considerable achieve- 
ments of J. Brown at Texas University 
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and B. Meloun of the Czechoslovak 
Academy of Sciences. The primary 
structures of other animal albumins are 
well under way. A striking feature of 
these sequences is the repeating double- 
loop motif formed by crosslinks from 
adiacent cysteine residues (Figure 1). 
These define three domains or homo- 
logous regions of chain (marked I to 
Ill in Fig. 1). There are strong amino 
acid sequence similarities between these 
domains. 

It has become usual to assume that 


homologous regions of polypeptide 
form closely similar three-dimensional 
arrangements. This assumption, to- 


gether with the considerable folding 
restrictions imposed by 17 disulphide 
bridges, has led Brown to construct a 
plausible model for the albumin 
domain (//th FEBS Meeting abstracts). 
His conceptually simple structure con- 
sists of six a-helices (three double loons) 
which form a roughly cylindrical do- 
main. Albumin is made up of an 
association of three such cylindrical 
domains. 

The obvious repetition of structural 
features has led to proposed evolution- 
ary pathways for albumins (Brown 
Fedn. Proc. 35, 2141; 1976; McLachlan 
& Walker J. molec. Biol. 112, 543; 
1977). Both groups agree that the 
modern protein descended from dupli- 
cations of a single double loop struc- 


m 


Fig. 1 The double-loop structure of serum albumin. 
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ture. Brown suggests from implied 
structural evidence that myoglobin and 
albumin share a common ancestor. 
McLachlan on the other hand believes 
that this homology results from con- 
vergent evolution of albumin and the 
globins. 

Whatever the ancestry, it seems 
relevant to ask what function the 
primitive albumin fulfilled, since the 
much larger modern protein must re- 
present a sophistication of the original 
idea. Some answers to this question 
may have been supplied already by the 
study of the properties of albumin frag- 
ments. For some time workers have 
known that limited proteolytic treat- 
ment of native albumin produces large 
fragments, evidently by cleavage at 
unstructured parts of the molecule. The 
recent sequence information has 
enabled albumin fragments to be 
accurately located and released these 
studies from relative obscurity. Many 
workers, particularly from T. Peter’s 
group at the Mary Imogene Basset 
Hospital, New York, have found that 
individual domains or series of double 
loops result from mild enzyme treat- 
ment. Such fragments are well ordered 
and may largely retain the conforma- 
tion they assumed in the intact albumin 
molecule (Reed et al. Biochemistry 14, 
4578: 1975). Even more significantly, 
fragments retain binding sites associa- 
ted with the native protein, so it is now 
possible to allocate these to particular 
regions of the sequence. On this 
evidence it seems very likely that 
the primitive albumin, a double loop, 
provided a useful binding function in 
some primordial plasma. Perhaps the 
evolutionary pressure to extend the 
number of double loops was strong, not 
merely to bind other ligands, but also 
to prevent losses from an equally primi- 
tive kidney! 

Brown’s domain model provides an 
idealised concept of an albumin-bind- 
ing site. The cylindrical centre of each 
domain is a space into which project 
hydrophobic side chains from the heli- 
ces. The entrance to this space, 
formed by the tips of the long disul- 
phide loops in Fig. 1 is lined with 
positive charges. Lysines and arginines 
seem to cluster at these points. Such a 
hydrophobic cavity with localised posi- 
tive charge is tailor-made for the 
organic anions which occur so fre- 
quently as albumin ligands. It is quite 
certain that the basic side chains in 
this site model become labelled when 
reactive ligands are bound to albumin 
(Gambhir et al. J. biol. Chem. 250, 
6711; 1975). Interestingly, albumin do- 
mains seem to have developed some 
functional specialisations. Fatty acids 
bind most avidly to domain HI while 
bilirubin and other aromatic ligands 
prefer domains I and H. Such close 
structural homology, yet diverse bind- 


Nature Vol. 270 8 December 1977 - 


ing properties, calls to mind the diver- 
sification of the immunoglobulin 
domains. 

Albumin recently joined the list of 
allosteric proteins, with reports that its 
binding sites were not independent. 
The binding of a spin-labelled dinitro- 
benzene is enhanced by 80% when 
fatty acids are added to albumin and 
spin label. The spectrum of the bound 
label also changes, indicating an alter- 
ation of its protein environment 
(Soltys & Hsia J. biol. Chem. 252, 
4043; 1976). The affinity of bilirubin 
for albumin is also increased upon fatty 
acid binding (Broderson //th FEBS 
Meeting). Arthur Spector reported at 
the same meeting that fatty acid, pre- 
sumably bound to domain III, affected 
spectral properties of an amino acid 
solely found in domain Hl. Some 
caution is still required, since at 
moderate concentrations most albumin 
ligands bind at more than one site and 
it may be difficult to distinguish be- 
tween cooperative effects and a more 
simple direct competition. However, 
Broderson, Torgny and Sjöholm (J. 
biol. Chem. 252, 5067; 1977) have 


Genes in development 


shown that albumin does independently 
bind the antianxiety drug diazepam and 
bilirubin. These two do not share the 
same site and the calculated coupling 
between their sites (expressed as free 
energy) is less than 50 calorie mol”. 
Seen in terms of the domain model 
of albumin, cooperative phenomena 
are interesting because they provide a 
readily available model for studying 
information transfer between discrete 
parts of the same polypeptide chain. 
In a clinical context, these studies are 
important because they imply that 
natural ligands and common drugs do 
not necessarily interact with albumin 
independently or in a simple competi- 
tive sense. Since some drugs are 
strongly bound by albumin, binding is 
an important factor in dose levels. The 
recent results suggest that the free con- 
centration of such drugs could be 
markedly altered by the dietary fluc- 
tuation of plasma fatty acids. It is to 
be hoped that some of the current 
speculations and the now huge body 
of pharmacological measurements con- 
nected with albumin can soon be in- 
tegrated. E 


from Ron Laskey, Peter Lawrence and Eddy De Robertis 


A conference on Developmental 
Genetics was convened by the 
Lincei 
and held in Rome on October 31- 
November 1, 1977. 


Accademia Nazionale dei 


PARTICIPANTS in two days of talks held 
at the Accademia Lincei in Rome— 
‘the oldest scientific foundation in the 
‘modern world’, tried to tackle the 
ancient problem of how eggs plus genes 
produce animals. It was symptomatic of 
the renewed interest in Drosophila 
that the whole of the first day was 
devoted to that fly. E. B. Lewis (Cal- 
Tech) revealed some exciting new 
results in the bithorax system, the 
complex genetic locus responsible in 
part for the segmented pattern of the 
larva and adult fly. The scanning elec- 
tron microscope showed up some 
hitherto unremarked distinctions 
between the different segments in the 
newly hatched larva so that the seg- 
mental patterns of new mutations and 
deficiencies could be studied. Flies 
deficient for the whole of the bithorax 
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complex developed only as far as the 
first stage larva, which consisted 
entirely of mesothoracic segments. 
Further analysis of partial deficiencies 
and ‘constitutive’ mutants indicated a 
group of new genetic functions (to the 
right of pbx) which Lewis called poly- 
thoracic and which are apparently 
necessary for the normal differentiation 
of the abdominal  segments—all 
regarded as structures which diverge 
from the archetypal mesothorax. 

A. Garcia-Bellido (Madrid Univer- 
sity) pursued the problem of how the 
genes of the bithorax system are 
switched on in particular places. In his 
view the bithorax system responds to 
positional information in the egg: a 
process which can be interfered with 
in at least three ways: (1!) the posi- 
tional information can be disturbed, 
for instance by ether treatment of the 
blastoderm-stage egg. This results in 
groups of cells developing faithfully 
into a portion of inappropriate seg- 
ment; (2) the same phenotype can be 
produced by certain mutations (Repbx, 
Rebx) in genes which might produce 
regulatory molecules involved in the 
response of the bithorax system to the 
positional information; (3) mutations 
in the bithorax system itself (whose 
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products are continually required for 
differentiation away from mesothorax.) 
These mutants produce transforma- 
tions in the entire compartment 
normally requiring the gene product. 

P. A. Lawrence (MRC Laboratory 
of Molecular Biology, Cambridge) 
described evidence that some segments 
are further subdivided into anterior 
and posterior compartments; here the 
engrailed gene product is apparently 
required exclusively for the posterior 
cells. The gene product is essential for 
the proper development of the pos- 
terior compartments and for the pre- 
cise delineation of the boundary 
between anterior and posterior cells. 
He described unpublished work of G. 
Struhl (MRC, Cambridge) on the pro- 
boscis which showed that it is divided 
into anterior and posterior compart- 
ments and also dependent on the 
engrailed gene in a homologous way 
to the thoracic segments. 

Another mutant which can be viewed 
within the same conceptual framework 
is the mutant transformer in which XX 
genetic females are made into almost 
perfect males. 

R. Néthiger (University of Zurich) 
described experiments which demon- 
strated that all embryos contain two 
separate primordia, one for male and 
one for female genitalia, each sex con- 
taining one ‘silent? primordium. By 
making large transformer clones in an 
otherwise wildtype female. Nöthiger 
was able to conjure up a complete male 
set of genitalia in an intact female: 
transformer clones in the female pri- 
mordium produced loss of part of the 
female genitalia. 

The picture emerging from these 
four talks is one of a series of ‘master’ 
genes, which are activated in particular 
places, and which control the develop- 
ment of precisely defined pieces of the 
insect. 

At the cellular level, O. Siddiqui 
(Tata Institute, Bombay) has studied 
the development of the Drosophila 
nervous system in a range of chemo- 
sensory mutants some of which show 
temperature sensitive development of 
the sensory pathway. The development 
of the nervous system was also the 
subject of a talk by J. White (MRC, 
Cambridge) who has used mutants and 
laser microsurgery to investigate the 
pattern of cell lineage in the ventral 
nerve cord of nematodes. Removal of 
individual cells by laser revealed that 
inductive interactions can occur, and 
that the vulva precursor cells can regu- 
late their proliferation to compensate 
for the experimental elimination of’ 
specific cells. One alternative to con- 
ventional genetic approaches to the 
study of development is the use of cell- 
free systems, two of which were des- 
cribed at the meeting. R. Laskey 
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(MRC, Cambridge) described a Xeno- 
pus egg system in which chromatin 
assembly takes place. Each egg can 
convert an amount of DNA equivalent 
to 6000 nuclei into regularly spaced 
nucleosomes in the absence of DNA 
synthesis. Laskey has found that all the 
materials required for nucleosome 
assembly cofractionate in a single par- 
ticulate fraction, suggesting that his- 
tones are organised into a nucleosome 
precursor complex before they bind 
DNA. 

G. Tocchini-Valentini (CNR, Rome) 
described a Xenopus oocyte system 
which elongates and terminates repli- 
cating chromatin. But neither he nor 
Laskey could find evidence for initia- 
tion of DNA _ replication in vitro, 
although it can apparently be seen in 
micro-injected eggs. 

The fusion of genetic and molecular 
approaches to the study of develop- 
ment provided a stimulating two-day 
meeting. CI 


Problems with pollen 


from Peter D. Moore 


PALYNOLOGISTS studying sediments of 
Quaternary origin have certain advan- 
tages over colleagues concerned with 
older materials for there is a higher 
likelihood that both the taxa and the 
plant communities with which they 
deal remain extant. There are excep- 
tions, of course, such as the tundra 
communities which occupied low lati- 
tudes and low altitudes in the peri- 
glacial conditions obtaining at the close 
of the last glaciation. One cannot 
assume that tundra communities of 
modern high latitudes or high altitudes 
have the same composition. But gener- 
ally the Quaternary palaeoecologist 
uses the present as a Rosetta stone by 
which to interpret the past. 
Reconstruction of the past mosaic 
of plant communities on the basis of 
a subfossil assemblage of pollen grains 
is currently being greatly assisted by 
accumulating information concerning 
modern pollen rain from contemporary 
plant communities. It is remarkable 
that for many decades palynologists 
have been content to interpret their 
fossil data without such information. 
Fortunately, however, indications from 
most modern pollen rain studies have 
confirmed the broad correlation be- 
tween vegetation and its pollen output 
which has always been assumed. The 
work of Lichti-Federovich and Ritchie 
(Rev. ° Palaeobotan. Palynol. -7, 297: 
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1968), for example, on surface lake 
sediments in central Canada, showed 
that the major forest belts of the region 
could be distinguished on the basis of 
their pollen spectra. Certain anomalies 
were evident, such as the transport of 
spruce pollen into the treeless tundra 
areas of the north, but there was gener- 
ally an acceptable agreement between 
vegetation and pollen rain. 

Such studies have been chiefly con- 
cerned with the major components of 
both vegetation and the accumulating 
pollen assemblage, but detailed inter- 
pretation of palaeodata may also 
depend on the presence of relatively 
small quantities of a taxon with narrow 
ecological or phytosociological limits. 
It is often possible to infer the presence 
of certain vegetation types and hence 
certain habitats and microenvironments 
on the basis of the occurrence of these 
‘indicator types.” In this respect the 
work of Janssen has been of great 
value (for example Ecol Monogr. 37, 
145; 1967). He has used the technique 
of comparing vegetation transects along 
environmental gradients with the pollen 
accumulating along them; in this way 
it is possible to observe how closely 
certain pollen types are associated with 
particular plant communities, even 
when their overall representation in the 
pollen spectrum is small. 

On the basis of Janssen’s work it is 
evident that pollen samples taken from 
the surface sediments of a water body 
will differ quite considerably from 
those in adjacent reed swamps or 
woodlands. So when interpreting fossil 
data, the nature of the sediment under 
consideration should be taken into 
account. One further aspect of this 
type of study which still lacks detailed 
documentation is the degree to which 
surface samples of the same type and 
under the same vegetation vary in their 
pollen composition. Is it possible that 
the variation within certain plant com- 
munities is greater than that between 
communities? In many surface pollen 
studies it has not been possible to glean 
this type of information because dupli- 
cated samples have been bulked before 
analysis, but a recent study of pollen 
rain in Alaska by Birks (Can. J. Bot. 
S5, 2367; 1977) now provides the 
necessary information for certain 
vegetation types. 

Birks distinguished four major veg- 
etation types, Picea glauca forest, 
which contained Betula glandulosa asa 
shrub layer, Betula glandulosa domi- 
nated shrub-tundra, Populus balsami- 
fera stands within the forest, and open 
tundra vegetation dominated by Dryas 
integrifolia. In addition to the detailed 
description of these vegetation types, 
Birks collected samples of moss pol- 
sters, surface muds from lakes and 
superficial peat samples from sedge 
swamps from each of the plant com- 
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munities. A visual inspection of the 
data resulting from the analysis of 
these samples suggests that certain 
pollen characteristics are specifically 
associated with certain vegetation types. 
For example, only in samples originat- 
ing from the Populus-dominated stands 
does the Populus pollen type occur at 
levels greater than about 2%, and only 
in the Dryas tundra does the level of 
Dryas-type pollen exceed about 2%. 

Birks has subjected the pollen data 
to principal coordinates analysis, in 
which the pollen samples are ordinated 
with respect to one another on axes 
which represent dissimilarity. On one 
axis he shows a polarisation of the 
Populus forests and the Dryas tundra 
with the Picea forests and shrub-tundra 
forming an undistinguishable group in 
the centre. On the other axis the ex- 
tremes are occupied by swamp peat 
samples and moss polsters respectively. 
One of the most important criteria 
which may account for this latter sep- 
aration is the relative proportion of 
Cyperaceae pollen in the samples. One 
must conclude from this analysis that 
the degree of variation found within 
both the Picea forest and the shrub- 
tundra samples are such that the two 
vegetation types cannot be separated 
on the basis of their pollen spectra. 
This being so, one would not be able 
to differentiate between them in sub- 
fossil pollen assemblages. 

This analysis was based only on those 
pollen types having a relative abun- 
dance of 5% or more of the total 
pollen sum in at least one of the 
samples; in other words, only the major 
pollen types are used for differentia- 
tion. There remains the possibility that 
indicator types of lower abundance 
could be used. Inspection of the pollen 
data suggests that this is unlikely to 
be a particularly helpful approach. 
Only one terrestrial herb taxon, Astra- 
galus, is found in a single Picea forest 
sample but in none of the shrub tundra 
samples. On the other hand there are 
ten such taxa found scattered among 
the shrub-tundra samples which are 
not found in the spruce forest sites. As 
a final straw at which to clutch, one 
could compare the overall herb pollen 
diversity in the two sets of samples. 
Inspection indicates that the shrub- 
tundra has a generally larger com- 
ponent of low abundance, herbaceous 
taxa, possibly reflecting the open veg- 
etation. A camparison of the two sets 
of data using a diversity index such as 
the Shannon-Wiener function might 
provide a means of resolving these two 
communities on the basis of their 
pollen spectra. Meanwhile, the fact 
that such problems can arise in the 
separation of modern vegetation types 


should encourage caution among 
those who seek to interpret fossil 
assemblages. O 
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Applications of proportional chambers and drift 
chambers in high-energy physics and other fields 


G. Charpak* 
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Proportional counters, which were superseded in high-energy physics by developments such as spark and 
bubble chambers, have recently undergone modifications which have considerably increased their space and 
time resolution. These modified counters are finding applications not only in high-energy and nuclear 


physics but also in biology and medicine. 
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PROPORTIONAL counters were an essential tool in nuclear physics 
until the beginning of the 1950s. Because of their practical 
importance their properties were extensively investigated and to a 
large extent well understood’. The powerful properties of struc- 
tures different from the simple cylindrical shape were overlooked, 
however, and as we shall see, the multiwire structures permit space 
and time resolutions that are orders of magnitude better than those 
of cylindrical structures. 

The counters were used for many purposes: counting of ionising 
radiations, measurement of their energy, localisation with an 
accuracy, both in space and time, usually set by the counter size. 
They have played onlya minor partinthedevelopment of nuclear or 
sub-nuclear physics in the last quarter of a century, when they were 
superseded by the scintillation counters, faster and more versatile, 
the nuclear emulsions, the spark chambers of various types 
localising the position with accuracies better than a millimetre ; the 
bubble chambers, visualising spatial configurations in particle 
reactions of an incredible complexity, and many other detectors. 

A recent development’, based essentially on the same principles 
as the cylindrical counter but making a proper use of multiwire 
structures, is, however, makingaradicalchangein the experimental 
strategies in low-energy and high-energy physics, and has also 
begun to find applications in several other fields, such as crystallog- 
raphy and medicine. 


Ordinary cylindrical proportional counters 

Since this basic instrument is described in many text books, let us 
mention only its most sahent features. It is typically made of a 
cylindrical cathode with a thin wire anode at its axis. The gas filling 
usually consists of a noble gas mixed with organic molecules. In 
such a structure the electrical field decreases as the inverse of the 
distance r to the axis. In the region close to the wire, the field is so 
intense that free electrons acquire enough energy in a mean-free 
path toionise the molecules of the gas, thus leading to an avalanche 
of electrons localised close to the surface of the wire. A typical 
collision mean-free path at atmospheric pressure is 1 um. The 
maximum size of an avalanche is around 10° electrons. For gains 
exceeding this limit, dependent on the gas and geometry, the 
ultraviolet photons emitted by the excited atoms induce a pro- 
pagation of the discharge. The radial extension of an avalanche at 
atmospheric pressure is thus close to 20 um only. 

Since the process of amplification leading to the detectable pulse 
is produced after the ionisation electrons have reached the region 
close tothe anode, the time ofappearance of the pulse willdepend on 
the initial position of the electrons, and will vary with the position of 
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the particle. This introduces an uncontrolled jitter in the timing of 
the particles, which reaches a few hundred ns for 1 cm diameter. 
Thisis one of the reasons why these counters were superseded by the 
scintillation counters, which, although more expensive, have a 100 
times better resolution. 


Fig. 1 A multiwire proportional chamber: a, schematic: view 

showing the cathode planes closely spaced around anode wires; b, 

electric field equipotentials and field lines in a multiwire proportional 

chamber. The effect on the field of a small displacement of one wire is 
also shown. 
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We shall see that by giving up the cylindrical structure, two steps 
have been accomplished : both the time and position of the particles 
can be measured with a high accuracy. 


Multiwire proportional chambers (MWPC) 


Theelectrical structure of the chamber comprises thin, parallel, and 
equally spaced positively charged wires, sandwiched between two 
cathode planes. Figure | shows the electric field potentials in such a 
structure. We see that in the region close to the wire the electrical 
field isexactly the same as ina cylindrical structure. In other words, 
as soon as an electron liberated in the gas by an ionising radiation 
has reached the region of multiplication, it proceeds exactly asina 
cylindrical counter. Although the wires are independent for the 
multiplication process, one may wonder whether their capacitive 
coupling does not short-circuit them and thus reduce them to a 
single electrode when they are as close as | mm. Indeed, when an 
external fast pulse is fed to one wire we observe the propagation of 
the pulse with the same sign, from wire to wire. This is not the case, 
however, with a pulse generated by the amplification process, and 
here we have to look into the detail of the pulse mechanism to 


Fig. 3 Principle of construction of the adjustable field multiwire 

drift chambers: a, schematic view; b, equipotential lines. Cathode 

wires are connected to uniformly decreasing potentials, starting from 

ground in front of the anode. Field wires reinforce the field in the 
transition region to the next cell. 
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Fig. 2 Time development of an aval- 
anche in a proportional counter. A 
single primary electron proceeds to- 
wards the anode (a), in regions of in- 
creasingly high fields, experiencing 
ionising collisions (b); owing to the 
lateral diffusion and photoionisation. a 
drop-like avalanche (c), surrounding 
the wire. develops. Electrons are col- 
lected in a very short time (l ns or so) 
(d), and a cloud of positive ions is lefi, 
slowly migrating towards the cathode 
(e) Whether the cloud surrounds the 
wire or not. depends on the nature of 
the gas. 


understand some of the properties which are responsible for the 
success of this type of structure. 

Figure 2 shows the time development of the avalanche started by 
a single electron around a wire. Within a time shorter than a 
nanosecond, the avalanche results in a thin cloud of positive ions 
close tothe wire, usually inanon uniform way. It wasatfirst believed 
that the avalanches surround the wire. More recent experiments 
show that this is not usually the case and that this hypothesis 1s not 
required to explain the positive pulses on all electrodes neighbour- 
ing a sensing wire. 

It is important to realise that the collection of the electrons does 
not usually give rise to a detectable pulse : itis too fast and too small. 
Its size is proportional to the potential drop experienced by the 
electrons while travelling in the gas, which is negligible since they 
travelled only a few um. It is the motion of the positive ions that is 
responsible for pulses with the following characteristics. (1) Pulses 
are negative in the wires but positive in all surrounding electrodes. 
This is one essential feature: the neighbouring wires detect a 
positive pulse. Thus. the active wire is easily distinguished from its 
neighbours. It suffices to use amplifiers that are sensitive to one sign. 
(2) The pulses are fast-rising. The field is so intense close to the wire, 
usually above 10° V em^ +, that rise-times of the order of 10 ns are 
observed at the beginning of the pulse, which then slows down and 
lasts for us. 

The important properties of a MWPC are as follows. (1) The 
space resolution is apparently dependent on the wire spacing since 
every wire behaves as an independent counter. In practice, | mm 
wire spacing iscommon for small structures (20 cm), 2 mm forlarge 
structures (200 cm), and chambers of 5 x 5 m” are being operated 
with 3 mm wire distance. (2) The space resolution ofa chamber can 
be much better than the wire spacing. The coordinate of the 
avalanches along the wire can be measured by different methods. 
Accuracies better than 100 zm can be obtained. Since a two- 
dimensional read-out is essential for the detection of neutral 
radiations, I shall discuss the recent progress in such measuring 
methods in connection with some applications. (3) The time 
resolution isalso dependent onthe wiredistance. Thecloser the wire 
spacing the shorter is the time taken by the electrons liberated in the 
gas by an ionising particle to find a nearby wire to be detected. 
Practically 30 ns resolution is obtained with 2 mm wire spacing. (4) 
The maximum counting rate is limited locally by the space charge 
created by the positive ions. The chambers show a loss of gain at 
rates of the order of 10* events s~ ' mm” *. Rates of several million 
counts s~} are common in the practical use of the chambers. 


Drift chambers 


The time lag between the appearance of a pulse and the distance to 
the wire of the ionising track can be used to measure this distance?”’. 
Typically ittakes 200 nsforanelectrontodrift | cminthechamber, 
This has given rise to an important class of detectors: the drift 
chambers. Measuring the time is very simple. Chambers with very 
large wire spacings can be used to make economical. large-size 
detectors. Figure 3 shows the structure of such a chamber. One 
example is given by the chambers built at Daresbury for an 
experiment at CERN: size 3.5 m, wire distance 12 cm. accuracy 
better than 350 wm throughout the active area*. The intrinsic 
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Fig. 4 Computer display of a high-energy interaction viewed by a 

system of multiwire chambers. At an intersection of the CERN 

proton storage rings, a system of 70,000 wires in a magnetic field 

detects the coordinates of the particles from one interaction. Typical 

rates: 150,000 interactions s. Background: 10° s~t chamber, re- 
solution time ~ 100 ns. 


accuracyis ofthe order of 50 ym, asshownin smallerchambers used 
in experiments”. 


Applications of MWPC and drift chambers 


MWPC and drift chambers are now routine instruments in high- 
energy physics. They have in most cases replaced the spark 
chambers and sometimes the scintillation hodoscopes. They permit 
the detection of very rare events, for instance, in the hunting of 
new particles immersed in an enormous background of common 
reactions. The high time resolution and space resolution are the 
essential properties for this research. 

Very large systems are in operation. Typical in this respect ts the 
large detector equipping one intersect of the CERN storage rings. 
Set in a gap of about 10 m length, | m height, and 2m width, 
chambers with wires of | m or 2 m length detect the trajectories of 
the particles produced in the head-on collisions of two 30 GeV 
protons. Figure 4 shows a complex event reconstructed by a 
computer from the data collected by 70,000 wires, 2 mm apart, 

Many bubble chamber systems now use external systems of 
MWPC to give supplementary data on the particles emerging from 
the chambers. 

Chambers are also now commonly used as detectors in nuclear 
physics in the focal plane of magnetic spectrometers, where 


Fig. 5 Accuracy along the wire. Histograms of the coordinates at 
the charge centroid along a wire for three positions of a collimated 
beam with 200 sam separation (ref. 6). 
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accuracies of a fraction of a millimetre over lengths of the order of 
| m are easy to attain. Typical in this respect is the detector 
developed at the Massachusetts Institute of Technology”, where an 
accuracy of 130 zm (2¢) and an angular resolution of 17 mrad (20) 
is obtained for relativistic electrons in the focal plane of a 
spectrometer. 

Outside physics, MWPC are now being applied to problems of 
localisation of X rays and neutrons in medicine. These radiations 
produce in the gas low-range ionising secondaries which do not 
emerge from the chambers. It is essential to localise the coordinates 
of the avalanches from a single gap. Since the very beginning of the 
MWPC, the groups working in the field of neutral radiations have 
designed various analogue methods to measure the coordinates of 
avalanches along the wires?*. They are based on the propagation of 
the signals in delay lines or resistive electrodes. A more recent 
development’ illustrates the considerable accuracy that can be 
reached both along the wire and in the interpolation between wires. 
Itis based on the measurement of the centroid of the pulses induced 
on cathode strips. Figure 5 shows the positions of three 1.5 keV X- 
ray beams, spaced about 200 ym apart along the wire. A resolution 
ofo = 35 um is obtained, of which only 7 jam is contributed by the 
measurement, the remainder corresponding to the physical size of 
the charge distribution. The surprising thing is that this method 
gives alsothe position of punctualcharge distributions, characteris- 
tic of X-ray secondaries, between the wires. It was for a long time 
postulated that the accuracy of a chamber is limited by ihe wire 
spacing. This is wrong in two cases: if the charges are distributed 
among several wires, the centroid method will give the in- 
terpolation: and if the charges are punctual, the centroid method 
will give the azimuth of the avalanche on the wire with an accuracy 
of about 5° for 2mm wire spacings. This is illustrated by the 
radiograph of the word CERN’, cut out in a copper mask with 
letters of 50 um width, 1.5 mm height. Although the wire distance is 
2 mm, a continuous response is obtained with all the avalanches 
occurring on the wire centred on the letters only (Fig. 6). 





Fig. 6 Radiograph of the word CERN. Dimensions of the word: 
15mm x4 mm. Avalanches on only one wire: 2 mm wire spacing’. 


This method will certainly be widely used in all problems where 
the two-dimensional read-out is important. 

The most promising application of the chambers so far seems to 
be in the detection of X rays®°? or neutrons'*''! diffracted by 
crystals made of large molecules, or by organic tissues with a 
regular structure! *. 

At CERN. a spherical drift chamber has been developed '* to be 
used with the synchrotron radiation with the Orsay electron storage 
rings. Its present characteristics are : an angular aperture of 907, an 
angular accuracy of 2.5 mrad, án efficiency of 100% for 8 keV 
photons, and a possible ultimate rate of 10° s71. A gain of at least 
1,000 in the speed of data-taking is expected with respect to the 
conventional detection methods used with diffractometers. This 
opens up new fields of research, for instance in the study of quickly 
evolving structures, 

Nuclear medicine also has problems of imaging, chiefly in the 
detection of X rays that are much more energetic. The minimum is 
the radiation of 27 keV emitted by '?°1, commonly used in labelling 
the thyroid tissues. The main interest. however, lies in radiations 
well above 100 keV, where the chambers are quite inferior to the 
widely used scintillation cameras in two respects: the low efficiency, 
and the poor spatial resolution due to the large range of the 
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secondary electrons in the gas. So far this has limited the 
applications to fields where radiations below 100 keV are of 
interest. Typical in this respect is the work undertaken at 
Rutherford Laboratory'*, where a chamber measures bone 
densities with the 42 keV X rays emitted by 7**Gd. The localisation 
of the X rays can be better than with Nal cameras! and they cost 
far less. 

A possible way of overcoming the low density of the gasis to usea 
drift space filled with suitable converters. Several groups!*:'” areat 
present activety developing this approach. Efficiencies of up to 15°, 
with accuracies of a few millimetres can be reached at 500 keV. 

These chambers suffer from two drawbacks: no energy re- 
solution, and a poor resolution time close to 0.5 us. They find a 
possible important application for positron cameras. The cor- 
relation of the two annihilation y-rays give such a good selection of 
non-scattered y-rays that it compensates partially for the lack of 
energy resolution. The poor time resolution may bea fatal obstacle 
to the use of this technique for medical applications. Present 
positron cameras based on Nal counters can operate with 10-ns 
resolution times. They lead to such expensive instruments, how- 
ever, and the technique of positron imaging could be so powerful 
with good. cheaper detectors. that it is still worth making a 
thorough investigation of the possibilities offered by MWPC, which 
are better suited to large size. low cost detector systems than are the 
Nal cameras. 
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Conclusions 


Multiwire chambers and drift chambers offer an interesting 
example ofa technology developed in high-energy physics laborat- 
ories with a fair chance to find important applications in fields 
remote from high-energy physics. Whenever methods require the 
measurement of the position of ionising radiation, a possible 
application of these detectors can be found: this offers a good 
opportunity to make use of the huge effort in capital and skills 
invested by experimental groups working in high-energy physics. 
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Past volcanism revealed by Greenland 


Ice Sheet impurities 
C. U. Hammer 


Geophysical Isotope Laboratory, University of Copenhagen, Haraldsgade 6, DK-2200 Copenhagen, Denmark 


Past volcanic aerosols have left Greenland Ice Sheet layers 
with elevated specific electrical conductivities that can often 
be used to estimate the magnitude of individual eruptions, 
Records of past volcanism may, therefore, be extended and 
help solve the problem of possible climatic correlation. 


PRECIPITATION falling on the two large ice sheets in Antarctica 
and Greenland ts extremely pure'*, The low background im- 
purity level makes polar glacier ice suitable for investigating past 
violent volcanism in the form of additional impurities deposited 
shortly after the eruptions and stored in the ice. 

Disregarding gases and organic material?, the deposition of 
impurities on the Greenland Ice Sheet is of the order of 
S0kg km“? yr“! in times of low volcanic activity*. Assuming 
that the mean aerosol residence time in the upper troposphere is 
approximately | month’, the above figure corresponds to a 
background aerosol load of the order of 10° kg in the upper 
northern hemisphere troposphere, which is close to an estimate 
based on Mauna Loa data®. Aerosols of volcanic origin may be 
detectable a$ increased aerosol fall-out. if their contribution to the 
upper tropospheric aerosol load is significant relative to the above 
mentioned background. 

Violent volcanic eruptions inject into the atmosphere large 
quantities of impurities. part of which significantly reduces the 


atmospheric transmissivity on a global or hemispheric scale up to 
three years after the eruptions. For example, the Krakatau (1883) 
and the Katmai (1912) eruptions caused a 20°, reduction of the 
Northern Hemisphere atmospheric transmissivity by each inject- 
ing 16 x 10° kg aerosol material into the northern stratosphere® 
(Krakatau probably injected a similar amount into the southern 
stratosphere as well). Assuming that this material is deposited 
within | or 2 yr, the average volcanic contribution to the total 
upper northern tropospheric aerosol load in these periods was 
probably of the same order as the non-voleanic background 
(10° kg). 

Therefore, in spite of the spreading of the eruption cloud and 
the complicated deposition pattern caused by non-uniform wash- 
out by precipitation, any ‘clean-air’ location must be expected to 
receive significantly elevated amounts of aerosol fall-out in 
periods of high volcanic activity, at least in the same hemisphere. 
The most favourable areas for tracing past voleanism are the high 
altitude regions of the two large ice sheets. where the background 
concentration of non-volcanic aerosols is low. The Greenland Ice 
Sheet has the additional advantage of being fed by relatively 
frequent. heavy snow falls. The impurity concentration in the 
snow is proportional to the temporary aerosol load in the air’ and 
since the snow is accumulated with little melting and no run-off, 
analyses of absolute-dated Greenland cores provide a record of 
atmospheric turbidity, essentially above ~ 2,000 m altitude. 

None of the impurity nor its constituents has so far been shown 
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to be a specific volcanic tracer. Previous analyses” performed on 
an ice core from Dye 3 (Fig. 1). indicated that most solid micro- 
particles above 0.4 um radius are continental surface dust, even 
during periods of high volcanic activity. But the high sulphate 
content in the stratosphere shortly after recent violent eruptions 
suggests that most of the volcanic material in the stratosphere 
consists of sulphate, originating from the release of H-5 and SO; 
(ref. 9). Hence, elevated concentrations of HSO, and/or 
(NH4)2SO might be detectable in Greenland snow up to three 
years after the volcanic event. Impurities, particularly of sul- 
phuric acid, greatly influence the specific electrical conductivity, 
a. of the melted ice. and as we analysed thousands of samples, this 
simple parameter was chosen as an indicator of volcanic activity. 
Of course, ¢ profiles cannot replace the comprehensive chemical 
analysis program that has commenced'®, but they do reveal 
important characteristics of volcanic fall-out and may be used asa 
simple means of showing which of the numerous core increments 
are promising objects for detailed geochemical analyses. 


Volcanic impurity concentration index 

Using g asa volcanic activity indicator implies a comparison of g- 
profiles along absolute-dated ice cores with historical records of 
the volcanic dust production, But such records based on objective 
measurements only span the past 100 years. Extending the 
comparison beyond this period, therefore, necessitates using 
records based on indirect evidence, such as the total amount of 
material ejected. In assessing the relative magnitude of the 
eruptions as dust producers, Lamb’ ' includes historical accounts 
of (non-instrumental) observations of optical phenomena in the 
upper atmosphere. Lamb's voleanic dust production index 
(v.d.p.i.) is shown in Fig. 2a dating back to 1770. There is only one 
adjustment: the v.d.p.i. for the Shtyubelya Sopka eruption at 
52 N in 1907 (equal to that of Katmai, 1912) has been reduced by 
a factor of 5 in view of radiation measurements in the 30-60 

northern latitude belt!*. The open bars are mainly derived from 
an assumed relationship between climatic temperature anomalies 
and atmospheric dust veils. 

In order to estimate the volcanic ion concentration in Green- 
land precipitation, the v.d.p.i. has to be corrected to account for 
the residence time of the aerosols in the atmosphere and the non- 
uniform distribution pattern of the fall-out. The correction has 
been made by accounting for (1) a temporal distribution of the 
fall-out corresponding to a residence time of | yr for acrosols 
in the high latitude stratosphere (2) a ume lag of 1 yr for the high 
northern latitude fall-out of volcanic debris originating from 
eruptions south of 50 N, and (3) spreading of the eruption cloud 
on its travel to high northern latitudes by using a correction factor 
Fon the v.d.p.i. of all eruptions. For simplicity, and with a view to 
fall-out data for fission products'*:'*, supplemented by total f- 
activity data from the polar ice sheets'*''°, the F-factor is equal to 
| for latitudes of eruptions north of 50 N., 0.5 in the 20 SO'N 
latitude belt. 0.2 in the 20°S to 20°N belt and 0.07 for eruptions 
south of 20 S. 

As precipitation contains a representative sample of the aero- 
sols in the precipitating air mass, the procedure described above 
leads to a new index (Fig. 2b). which may be called a volcanic 
impurity concentration index (v.1.¢.1.) for high northern latitude 
precipitation. 


Material and techniques 
Specific conductivity profiles have been measured along three ice 
cores recovered from North (Hans Tavsen), Mid (Crête) and 
South (Dye 3) Greenland (Fig. 1). all recovered under the 
Greenland Ice Sheet Program. The Crête ø profile is continuous 
through the period AD 1770-1972. The Crête and Dye 3 cores are 
absolute-dated!®, whereas the Hans Tavsen core is dated by ice 
flow model considerations back to 1815 and from then on by 
counting annual cycles in the micro-particle concentration’”. 
The cores were sampled in sequence averaging four samples for 
each annual layer as revealed by seasonal cycles in heavy oxygen- 
isotope concentration’. The individual samples were cut from 
the cores at — 12 C ina clean air bench after removal of a more 
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Crête è 


Fig. 1 The Greenland Ice Sheet with the drill sites, where the 

investigated ice cores were recovered: Dye 3 (elevation e = 2,480 m; 

snow accumulation rate a=49 g cm? yr '); Crête (e=3,170 m; 

a=25gem "yr '); and Hans Tavsen  (e=1,200m: 
a=|l7 gem 7 yr‘). 


than 5mm surface layer that contains essentially all of the 
relevant contaminants in an undamaged core. Occasional cracks 
and other regions of possible deep contamination were avoided, 
The ice samples were melted in clean plastic beakers, and the solid 
micro-particle concentration including particles down to 0.05 ym 
radius. was measured by a light scattering method” and also in 
many cases by the standard Coulter counting method. Often the 
pH was measured by standard procedures. The conductivity 
measurements required larger amounts of water. In order to save 
core material. it was necessary to dilute most of the samples up to 
three times with deionised, redistilled water (pH = 5.6, specific 
conductivity ¢ = 130 nS m` +). This introduced some false noise 
in the low g values. and perhaps up to a 15”, increase in the a 
background, The mixtures were allowed to saturate with the 
carbon dioxide in the ambient air at 25 C, which changed a by 
less than 10%. because both the ice” and the dilute were near 
saturation beforehand. Finally. o was determined by standard 
procedure. 

Results and discussion g 

The annual mean solid micro-particle mass concentfation at 
Crête, determined by total number and size distribution analyses, 
is plotted in yg per kg of ice in Fig. 2d. There is no significant 
correlation with the v.i.c.i. in section b, which indicates that 
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essentially all of this fallout at Crête is of continental surface 
origin. Furthermore, the lack of significant increase in the upper 
part of curve d shows that little, if any, industrial solid dust 
reaches Central Greenland. 


calculations. The Hans Tavsen peaks are bipartite due to a layer 
of refroZen meltwater that has percolated froma younger summer 
layer. At this station, located on a medium altitude, separate ice 
sheet, and only some 15km from snow-free areas, the ice 
chemistry is complicated by the dust content being more than an 
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1950 
1940 


1930 Fig.2 Volcanic activity compared 
with impurity profiles along an ice 
core from Créte, Greenland. span- 
1920 ning the period 1770-1972. a, 
Lamb's volcanic dust production 
index (vdp) open bars refer to 
estimates mainly based on an as- 
sumed relationship between cli- 
matic temperature anomalies and 
atmospheric dust veils. b, Volcanic 
impurity concentration index 
(view) for high northern latitude 
precipitation, derived from the 
v.d.p.t. by correction for latitudinal 
spreading of the eruption cloud and 
for residence time of aerosoles in the 
atmosphere. The Icelandic Laki 
eruption, 1783, stands out with a 
vici. more than twice the second 
highest viei (1795). è, Specific 
conductivity of melted samples of 
annual precipitation, Values ex- 
ceeding the mean in the volcani- 
cally quiet period 1920-60 are set 
out in black. Significant correlation 
with the v.i.c.i. shows that part of 
1840 the soluble impurities of volcanic 
origin. The value for 1783 is more 
than twice the second highest. d. 
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order of magnitude higher than at the other stations. The OH 
shows that melted Hans Tavsen precipitation has a strong acid 
reaction only in periods of heavy volcanic fall-out. 

In Fig. 2¢ the annual mean o values at Crête are plotted over the 
period 1770-1972. Those exceeding the 40 yr mean s value 
(170 uS m` ') for the voleanically quiet period 1920-60 are set out 
in black. The variability of ¢ in this period should be considered as 
noise, and deviations of the same order in the rest of the curve are 
therefore insignificant. Nevertheless, the small rise in ¢ in the late 
1910s may be significant. because the HCl and HF production in 
‘the valley of 10,000 smokes’ created by the Katmai eruption has 
been estimated!” at 1.4 x 10° kg yr~! up to 1920, 

Sudden rises in v.i.c.i. and o generally occur simultaneously or 
with a short time lagin ø. As for eruptions south of 50°N any time 
lag in ao between ~1 and +1 year may occur, in view of the 
general | yr shift introduced when transferring the Lamb's v.d. p.i. 
into the v.i.c.i. in Fig. 2b. Eruptions north of 50°N should be 
revealed by sudden increases in o with time lags between zero and 
+ 1 yr, assuming the ice core time scale to be exact. 

Although Lamb’s v.d.p.i. (Fig. 2a) is not specifically designed 
to represent the volcanic production of gases and ionic com- 
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Table 1 Background composition of impurities in melted Greenland glacier ice 
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Concentration 


Element (mol kg!) 
H 35 
Na 1.0 average 
Si 1.4 
0.3 
x 0.2 
NH, 0.3 
Ca 0.2 
SO, 0.8 
C] 1.6 


naamansa ayait iaaea ODAN AAAA AAAA ANANN 


Location Rer. 
Crête This work 
Dye 3, Crete 
135 km WSW of Crête 19 
300 km WSW of Crête 2 
300 km WSW of Crete 2 
Crête 10 
Dye 3 (Busenberg & Langway, 
personal communication) 
Créte 
Dye 3 20 
300 km WSW of Crête 2 
Dye 3 20 
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pounds, a statistical analysis of the v.1.c.1. and g time series shows 
a highly significant correlation coefficient (R = 0.6; P > 99.9%, 
for n = 20 degrees of freedom). Furthermore, Fourier spectral 
analysis shows less than | yr time lag for any frequency higher 
than 0.02 yr~', the coherence being of the order of 0.6 for the 
same frequencies. 

If, consequently, elevated o values are accepted as indicative of 
fallout of volcanic acids produced in the northern hemisphere, 
Fig, 2¢ suggests that unnoticed eruptions of considerable magni- 
tude took place around 1810. Furthermore, the v.d.p.1. for the 
Askja eruption, 1875 (and Pavlof, Alaska, 1786?) may have been 
overestimated, as an Icelandic eruption of the estimated magni- 
tude would probably be revealed by more than a barely significant 
increase Ina. 

Some of the available ice sheet chemistry data are presented in 
Table 1. They suggest a simple explanation of the 170 uS m=‘ o 
background at Crête being due mainly to the H*, Na*, NH4”, 
S0477, Cl” and HCO, ~. First, quite a few elements (such as, Si, 
Aland Mg) may be disregarded, because they are mainly present 
in solid micro-particles that do not contribute to g. For example, 
using the Al content (5 ug per kg ice) as an indicator of igneous 
rock material?! gives an order of 60 ug of insoluble material per 
kg of ice, in agreement with the overall mean value in Fig. 2d. The 
Ca concentration is seven times higher than in igneous rocks, but 
still insignificant for ø. Second, CO,” can be disregarded, 
because at Créte the pH averages 5.46 in non-volcanic periods 
(lower in volcanic periods). The pH corresponds to a background 
HCO,” concentration [HCO; } of 1.3 umol kg” ', and [H*] of 
3.5 pmol kgf. 

The total anion concentration must of course be balanced by 
the total cation concentration: 


[H*]+[{Na*]+[NHy*] = 2[SO.?"]+{[Cl-]+[HCOs ] 


The 1.0 pmol kg”! [Na*] originates from sea salts, which also 
accounts for the equivalent part of the [CI7]. Similarly. the 
0.3 umol kg”) [NH4*] may be interpreted as being due to 
(NH4)2SQO4 of continental origin, thus accounting for 
0.15 pmol kg”! [SO4?~]. Subtracting these concentrations, and 
using the values listed in Table 1, the equation shows an essen- 
tial balance between the 3.5ymolkg™' [H*] and 
0.8-0.15 = 0.65 pmol kg”! [50477] plus 0.6 gmol ke”! [C17] 
plus 1.27 umolkg © [HCO; >], a total corresponding to 
3.2 umol ke”? monovalent anion. Other elements may be present 
in minor amounts, but according to the above, H.SQO, contributes 
33%, CQ3-induced ions 29%, HCI 15%, NaCl 8° and (NH4): 504 

Looking at the Laki event as revealed in the Dye 3 ice (Fig. 3) 
the ø peak value (in part of the mid 1783 layer) is 
g = 1,400 uSm`!. The pH is low, corresponding to 
[H*] = 33umolkg™'!, and the [$0,77] amounts to 
12 umol kg” '. Hence, in addition to 5047", other anions (pro- 
bably CI“, but this is not important here) contribute 
33—(2 x 12)=9 umol kg '. These concentrations fully account 
for the measured g peak value. 

The lack of a recent increasing trend of the Crète o curve (Fig. 
2c) suggests that industrial sulphates do not reach Mid Greenland 


in appreciable amounts. Other authors*°?* have drawn the 
opposite conclusion from North and South Greenland data, 
showing sulphate concentrations in the period 1964-71 that are 
roughly twice the concentration in pre-industrial periods, The o 
curve in Fig. 2c suggests however, that the Agung eruption 1963 
may be responsible for the elevated sulphate (and chlorine) values 
in the late 1960s, although detailed chemical analyses of a longer 
and continuous part of the ice cores are needed for firm evidence. 

The rise of the excess [H *] in ice layers containing debris from a 
high northern latitude eruption can be used to roughly estimate 
the global H* fall-out by applying the same latitudinal distri- 
bution pattern as in the case of °°Sr fall-out from high northern 
latitude bomb tests. In 1962, the global fall-out of ?°Sr (mainly 
from the Soviet tests in 1961) was 1.2 MCi which was 8.6 x 10° 
times the fall-out per km* at Créte (H. B. Clausen, personal 
communication). Applying this factor to the fall-out of volcanic 
H* per km? in 1783 at Crête (2.4 kg km~?) gives a total fall-out of 
2x 10° tons H* during the Laki eruption, or 100 x 10° kg of 
mainly H,SO4, as shown in Table 2. Similar estimates can be 
made for eruptions south of 50°N, if the F-factor is acc unted for. 
For example, the Tambora eruption in 1815 seems to have 
contributed no less than 300 x 10° kg of acids to the stratospheric 
aerosol load. As to the few violent eruptions that have occurred 
within the period of instrumental observations, the Katmai 
eruption in 1912 is revealed by a change in [H *] high enough to 
allow a fairly accurate estimate for comparison with independent 
estimates. A more detailed g curve shows that the fall-out from 
the Katmai eruption lasted approximately 1.5 yr, and the total 
production of H,SO4+HX is estimated at 20 x 10° kg. This is 
close to Junge’s estimate? of 16 x 10° kg total mass, suggesting 
that most of the Katmai aerosols were acids. But, chemical 


Fig. 3 The Icelandic Laki eruption, 1783, revealed in the Dye 3, 
Créte and Hans Tavsen ice cores by peak values of specific 
conductivity in melted samples. The Hans Tavsen ice core is not 
dated absolutely, so the high conductivity layer may very well 
originate from 1783. The shaded areas show the contribution of 
hydrogen ions, not induced by CO). 
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Table 2 Estimates of global fall-out of volcanic acids based on pH analyses on the Crete ice core 
Duration of Precipitation Average rise Fall-out of Global fall-out Other estimates 
deposition during period in (H) through volcanic H F Ht HSO, Total mass 
of debris of deposition deposition at Crete +HX 
Eruption yr kg km? x 108 u mol kg! kg km? 10° kg «610% kg IO ke Ref. 
Laki, 1783 0.75 2 12 2.4 l 2 100 
Tambora, 1815 l 2.5 5.2 1,3 0.2 6 300 5 
Krakatau, 1883 2 5 (0.4) (0.2 0.2 (0.9) (45) ae (6) 
Katmai, 1912 1.5 2.8 1.6 0.5 I 0.4 20 16 (6) 





analyses are needed to reliably assess the magnitude of several 
medium sized low latitude eruptions (such as Agung, 1963) and to 
clarify the reasons for the instability of the background in the c 
profile. Furthermore, in one case (the Aleutian eruptions 1795 
and 1796), the volcanic fall-out had a pH as high as 5,53; 
consequently, the high o in this period must be due to high 
concentrations of other components ((NH4)2SOQO4, NH4Cl?) of 
relatively low equivalent conductances, which, of course, in- 
fluences the estimation of the magnitude of these eruptions. 

The possible influence of atmospheric turbidity on climate is 
complicated, because aerosols contribute to the albedo as well as 
the absorption of radiation. The net-effect upon global tempera- 
tures is poorly known. For comparison with climatic records, the 
a profile is used to design an objective volcanic aerosol production 
index (by a procedure opposite to that used to design the v.1.c.1.) 
and turn it into an index of possible influence of volcanic aerosols 
upon northern hemisphere temperatures, with due account for the 
latitudes of the eruptions and for the residence time of the aerosols 
in the atmosphere. This index has no significant correlation to 
annual mean temperatures in England*’, even with time lags up 
to lO yr (R ~ —0.06 to —0.19; P ~ 30 to 70%; n = 20), which 
cannot be due solely to the index being imperfect. The lack of 
correlation confirms the result of a similar attempt’* using 
Lamb’s dust veil index. When using 10-yr averages, one finds a 
high but insignificant correlation (R = ~—0.55, P = 93%,n = 8). 
This procedure is not advisable, because it may mask important 
time lags. For example, the cooling in the 1960s began several 
years before the Agung eruption 1963. Other authors** have 
claimed that volcanic aerosols have made important contri- 
butions to climatic changes in the past, but they only considered 
details of the 1884-1970 period that seems to include too few great 
volcanic events to justify a statistically significant statement. 

In conclusion, specific conductivity profiles reveal violent 
volcanism in the past. Elevated conductivities, due to fall-out of 
acids, usually allow the contribution of the eruptions to the high 
altitude aerosol budget to be estimated if the locations of the 
eruptions are known. If they are unknown, comparison of 
conductivity profiles along ice cores recovered at different lati- 
tudes in Greenland and Antarctica may lead to estimates of the 


volcanic activity beyond the range of historical records, at least 
10,000 years ago, and particularly when combined with chemical 
analyses. Ice from the Wisconsin glaciation was deposited in a 
different climatic regime and contains high and strongly variable 
amounts of chemical elements*, which may complicate the 
interpretation. One way of using long volcanic activity records 
would be to check if they have any relation to climatic changes as 
revealed by stable isotope profiles along the same cores. Another 
aspect concerns the high concentrations of hydrogen ions in 
layers deposited in periods of high volcanic activity, which 
suggests anomalous dielectric properties of such ice. Series of 
layers containing high concentrations of volcanic impurities is, 
therefore, a possible explanation of the internal reflection layers 
encountered in radio-echo sounding’®. 
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suggestions. The work was supported through funds provided by 
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The primary structure of DNA containing the sequence for 
rat pituitary growth hormone MRNA has been determined. 
DNA was obtained by reverse transcription of polyaden- 
ylated RNA from cultured pituitary cells and from recom- 
binant kacterial plasmids. The amino acid sequences for rat 
growth hormone and its precursor form have been deduced 
from the determined nucleotide sequences. 
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SOMATOTROPIN (growth hormone, GH) is essential for linear 
growth in man and other vertebrates. In childhood, deficiency of 
this peptide hormone results in dwarfism whereas overproduction 
causes gigantism. In the adult, pathological overproduction of 
growth hormone can lead to acromegalic deformations!*. Som- 
atotropin is separable in activity and substance from the related 
pituitary hormone prolactin?-+. Comparisons of primary struc- 
tures have revealed that these hormones, together with the 
placental hormone chorionic somatomammotropin form a group 
of sequence-related peptides of molecular weights (MW) around 
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22.000. with a suggested common evolutionary origin 7. The 
three hormones also share certain features in their biological 
acuions®. 

The genes for somatotropin and related hormones thus provide 
an excellent system for studying structure, evolution and re- 
gulation of a set of similar DNA sequences whose expression is 
ordinarily confined to separate tissues (pituitary and placenta) 
and is elicited by different physiological stimuli. While infor- 
mation on the structural gene for human chorionic somatomam- 
motropin has very recently been obtained by us®!°, no such 
information has been available for growth hormone. 

We report here the in vitro synthesis, determination of the 
nucleotide sequence, and the amplification in bacteria of struc- 
tural gene sequences for growth hormone starting with MRNA 
from cultured rat pituitary cells'', These cells can be hormonally 
induced to produce and secrete somatotropin! ™!>. In analogy to 
other secreted proteins, synthesis of this peptide occurs at the 
rough endoplasmic reticulum as a precursor form'*'°®, The N- 
terminal portion (signal peptide) of the precursor is thought to be 
involved in the attachment of ribosomes to membranes, a process 
essential for hormone maturation and secretion (for model on 
mechanism see ref. 17). Accordingly, the primary translation 
product of rat growth hormone mRNA is a peptide larger (by 
about 3,000 MW units, see Fig. 1) than the mature hormone!*:'°. 
As the primary structure of rat somatotropin is only partially 
known!®, the nucleotide sequence determined for the mRNA 
allows us to predict the complete amino acid sequence of the 
hormone including the previously unknown sequence of the 
signal peptide. 


Detection and sequence determination of DNA 
complementary to growth hormone mRNA 


Certain tissues in which the mRNA for a specialised function 
represents a large proportion of the polyadenylated RNA (for 
example, globin RNA in reticulocytes'®, ovalbumin RNA in 
induced oviducts?”, insulin RNA in the islets of Langerhans?! 7?) 
allow for their convenient detection and characterisation of such 
RNAs or their cDNAs, In cultured rat pituitary cells (strain GC), 
however, when grown in normal conditions, growth hormone 
mRNA represents only a small percentage (1-3%) of the total 
poly A containing RNA '>. Therefore, the detection and isolation 
of nucleic acid sequences specific for rat growth hormone were 
approached by a strategy previously used to obtain sequences 
from polyadenylated RNAs that constitute 2%, or more of the 
cellular messengers’. This strategy involves restriction en- 
donucleolytic cleavage of complex cDNA mixtures (single or 
double stranded) prepared by reverse transcription of polyaden- 
ylated cellular RNAs, followed by gel electrophoretic separation 
of the resultant CDNA fragments. In applying this approach to 
the detection of growth hormone cDNA we were aided by the fact 
that in cultured rat pituitary cells growth hormone mRNA levels 
can be raised above that of other cellular mRNA species by the 
synergistic action of thyroid hormones and glucocorticoids!*?*, 
Further enrichment of growth hormone mRNA was achieved by 
isolating poly A-containing RNA from cytoplasmic memb- 
ranes?* where growth hormone is synthesised. In the final RNA 
template used for cDNA synthesis, growth hormone mRNA was 
therefore the most abundant species representing about 10", of 
the RNA (see Fig. 1). 

Analysis by gel electrophoresis of this cDNA after cleavage 
with endonucleases Haelll and Hhal is shown in Fig. 2. Each 
enzyme generates several abundant DNA fragments which can be 
seen as prominent bands above the polydisperse background of 
the restricted cDNA. Whereas Haelll yields a complex fragment 
pattern (Fig. 24), cleavage with Hhal produces a simpler pattern 
characterised by two major DNA fragments, approximately 320 
(fragment A) and 240 (fragment B) nucleotides long (Fig. 2c). The 
prominence of fragments A and B suggests that they may be 
derived from growth hormone MRNA. 

For further characterisation, these fragments were isolated 
from a polyacrylamide gel on which approximately | ug of Hhal- 
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Fig. 1 Translation products of rat growth hormone mRNA. 
Polyadenylated RNA was isolated from the cytoplasmic membrane 
fraction of cultured rat pituitary cells (strain GC) as described 
elsewhere'™?*, Usually, 30 ug of poly A-containing RNA were 
obtained from 5 x 10° cells grown in suspension culture and induced 
for GH production by including | yM dexamethasone and 10 nM 
L-triiodothyronine in the medium for 4d before cell collection. 
Polyadenylated RNA was also isolated from cells grown for4 dinthe 
absence of dexamethasone and triiodothyronine**. Aliquots of these 
RNA preparations (500 ng) were translated in a cell-free translation 
system derived from wheat germ, and the products immune- 
precipitated using rhesus monkey antiserum to rat GH as previously 
described'*. To obtain labelled rat growth hormone, induced cells 
(about 10° cells in | ml) were pelleted, resuspended in 0.2 ml of serum- 
and methionine-free medium containing bovine serum albumin 
(0.5 ug ml~'), and labelling was carried out with **S-methionine 
(50 wCi, NEN) for 4 h at 37 °C. Cells were pelleted and labelled rat 
GH released into the medium was immune-precipitated as described 
above. Protein products of cell-free translations and immunoprecipi- 
tations were separated in 12.5%, polyacrylamide slab gels 
(14x 14x 0.2m) in the presence of sodium dodecylsulphate*” at 
20 mA per gel for 4 h. Gels were soaked in 50% trichloroacetic acid, 
washed in 7%, acetic acid, dried on paper (Whatman 3MM), and 
exposed to X-ray film (Kodak NS2T). The autoradiogram shown 
contains a, translation products of poly A ‘membrane’ RNA from 
cells grown in the absence of dexamethasone and thyroid hormone; b, 
the same as (a) except that the RNA was isolated from hormone- 
induced cells; c, immune-precipitate of (b); d, immune-precipitate of 
secreted rat GH: e. '*C-labelled proteins from bacteriophage T4- 
infected E. coli cells*” as size markers. 


restricted CDNA had been separated. Each fragment was further 
cleaved by Haelll (see Fig. 2c) and the productse(A, ~ 180, 
A, ~ 75, A, ~ 65, B, ~ 140, B} ~ 100 nucleotides) egzymati- 
cally labelled with 3?P at their 5° termini. Following gel elec- 
trophoretic separation, the five labelled DNA fragments were 
processed for nucleotide sequence determination according to 
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Fig.2 Restriction endonuclease cleavage of single-stranded cDNA 
to rat pituitary cell RNA. Aliquots (300 ng) of the polyadenylated 
RNA prepared as described in Fig. 1, were transcribed into cDNA in 
5-ul reactions containing 50 ng oligo-dT,2-;5 (Collaborative Re- 
search), 50 mM Tris-HCl, pH 8.1, 20mM KCI, 7mM MgCl), 
0.1 mM EDTA, 10 mM f-mercaptoethanol, 500 uM each of dGTP, 
dCTP, dTTP, 30 uM «-**PdATP (specific activity 5 x 10* c.p.m. 
pmol ~'), and 5 U reverse transcriptase. DNA synthesis proceeded 
for 7 min at 42 °C and incorporation of 37P-dAMP into DNA was 
approximately 2 x 10° c.p.m. Reaction mixtures were diluted with 
20 ul of H20, heated to 95 °C for 2 min, quick-cooled, adjusted to 
7 mM MgCl), and split into 5 pl aliquots for restriction endonuclease 
cleavage of cDNA. Digestion with Haelll (2 U), or Hhal (2 U), or 
both enzymes” was for 60 min at 37 °C. Mixtures were made 10 mM 
in EDTA, 10°, in sucrose, 0.2% in sarcosyl, 0.05%, in bromophenol 
blue (final volume 10 yl), heated to 95 °C for 2 min, quick-cooled, 
loaded on to 4.5% polyacrylamide slab gels (14 x 14 x 0.2 cm)in TBE 
buffer**, and electrophoresed at 150 V for 2 h. Gels were dried and 
exposed to X-ray film (Kodak NS2T), The autoradiogram shown 
(obtained after 4h of exposure) contains a, uncleaved cDNA; b, 
Haelll-cleaved cDNA; c, Hhal-cleaved cDNA; d, cDNA cleaved 
with Haelll and Hhal; e, Haelll-cleaved *?P-labelled phage M13 
single-stranded DNA®*° as molecular weight marker. Numbers 
indicate approximate sizes in nucleotides. 


Maxam and Gilbert?*. Typical examples of such determinations 
are shown in Fig. 3, and the nucleotide sequences are compiled in 
Fig. 7. 

To identify their origin, the cDNA sequences were converted 
into their antiparallel complementary RNA sequences and the 
coding potential in the three possible phases was compared with 
the known amino acid sequences of several vertebrate GHs?°, 
including parts of rat growth hormone determined by Wallis and 
Davies'*. This comparison showed that cDNA fragments A and 
B clearly originate from rat growth hormone mRNA. This result 
emphasises the experimental advantage of analysing DNA re- 
verse transcribed from complex cellular RNA mixtures for 
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obtaining primary structural information on abundant mRNA 
species. 

Fragments A and B are complementary to a contiguous 
segment of the mRNA, extending from the codon for amino acid 
149 to approximately 40 nucleotides to the 5’ side of the AUG 
initiation codon for pre-growth hormone (see Fig. 8). Since the 
distance of some 40 nucleotides from the end of fragment B to the 
initiation condon for pregrowth hormone (see Fig. 8). As the 
region in other eukaryotic mRNAs?78, it is possible that the 3’ 
terminus of fragment B corresponds to the 5’ terminus of the 
mRNA, and is not generated by Hhal cleavage (see also later). 


Molecular cloning of growth hormone 
structural gene sequences 


To obtain a convenient source of growth hormone DNA for 
further analyses, we constructed bacterial plasmids containing the 
structural gene for rat growth hormone. The cDNA fragments A 
and B served as excellent markers for monitoring construction of 
the correct plasmids. The starting material for the in virro 
synthesis and subsequent cloning of the structural gene sequences 
was a cDNA preparation comparable in amount and purity to the 
one used for sequencing fragments A and B. By using its self- 
priming properties, this cDNA was enzymatically converted to its 
duplex form characterised by a hair-pin structure on one end and 
a poly(dA-dT) tract on the other?®. S1 nuclease was used to open 
the terminal hair-pin loop and to degrade any single-stranded 
DNA. Gel analysis of the DNA material before and after nuclease 
treatment (Fig.46, c) demonstrates the presence of a double- 
stranded DNA of approximately 800 base pairs faintly detectable 
above the disperse background of other DNA. An aliquot of this 
DNA species was purified by gel electrophoresis and cleaved with 
Hhal. Two prominent fragments corresponding in size to DNA 
fragments A and B were among the major cleavage products (see 
Fig. 4i). As fragment B is complementary to the 5’ portion of 
growth hormone mRNA (see above), this finding indicated that 
the 800-base pair DNA contained primarily full-length copies of 
the messenger. 

To allow for reversible insertion into a bacterial cloning vehicle, 
the double-stranded cDNA was given cohesive ends by enzymatic 
blunt-end ligation’? to chemically-synthesised restriction site 
linkers, and subsequent cleavage with the appropriate restriction 
endonuclease*!-4?, The linkers had the self-complementary sequ- 
ence 5’-CCAAGCTTGG-3’, containing the recognition site for 
HindIII. This site is not present in the 800-base pair DNA (data 
not shown) and occurs once in the bacterial plasmid pBR322 
chosen for cDNA insertion (see below). Preceeding ligation to 
linkers, the S1 nuclease-treated double-stranded cDNAs were 
‘blunt-ended’ using Escherichia coli DNA polymerase | in the 
presence of deoxynucleoside triphosphates?’ (see legend to Fig. 
4). This step ensured a high participation of the cDNA molecules 
in the ligation reaction, as shown by the blurred appearance due 
to multiple linker additions, of both the 800-base pair DNA and 
DNA fragments A and B (see Fig. 4d, f). Fragments A and B had 
been obtained by Hhal-cleavage of the double-stranded cDNA 
before Sl-treatment and their 3’-CG ends removed by E. coli 
DNA polymerase I before linker attachment. The ligation pro- 
ducts were cleaved with HindIII (Hsul endonuclease was used 
interchangeably with HindIII) to generate DNA molecules with 
cohesive termini and to digest self-ligated linkers (Fig. 4e, g). The 
800-base pair DNA and DNA fragments A and B were purified 
on a polyacrylamide gel (Fig. 4h, k) to reduce the level of DNA 
sequences unrelated to growth hormone that would enter the 
bacterial cells. 

The EK-2 vector pBR 32234, a relaxed replicating plasmid of 
MW 2.6 x 10° containing a single HindIII cleavage site was used 
as the cloning vehicle for growth hormone cDNA. Before 
insertion of the cDNA, the HindIII-cleaved linear plasmid was 
treated with bacterial alkaline phosphatase to remove the 5- 
terminal phosphate groups. This step permits the selective con- 
struction of recombinant plasmids by preventing closure of the 
plasmid at the original cleavage site. Infectious circular plasmid 
forms will only be generated by bridging and closing the plasmid 
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Fig. 3 Autoradiograms of 20°, polyacrylamide, 7 M urea gels used for sequence analysis of a, cDNA fragment A, (nucleotide 522 to 340, see Fig. 
7), starting at nucleotide 519; b, cDNA fragment Bz (60 to about — 40), starting at nucleotide 53; c, 5 terminal Alul fragment (— 22 to 144) of 
pRGH-1. starting at nucleotide — 18; d, Haelll fragment (61 to 274) of pRGH-1, starting at nucleotide 63. The labelled DNA fragments were 
recovered from polyacrylamide slab gels (see below) and subjected to the described procedure for nucleotide sequence analysis?*, G’, A’. T’, C refer 
to the respective base specific cleavages. The nucleotide sequence can be read directly from the gel as shown for the 5’ portion of each sequenced 
fragment. Single-stranded cDNA for nucleotide sequence analysis was prepared from polyadenylated RNA as described in the legend to Fig. 2. 
except that the reaction (200 ul) contained 15 ug of RNA, 2 ug of oligo dT, _,, 800 uM each of dGTP. dCTP, dTTP. and 400 p M of 2-*7P-dATP 
(specific activity 500 c.p.m. pmol-'). Synthesis proceeded for 10 min at 42 C (incorporation of *7P-dAMP into cDNA was about 5 x 10° ¢.p.m.). 
and was stopped by addition of EDTA to 10 mM. Reaction mixtures were phenolised and the nucleic acid precipitated with ethanol. Pellets were 
then dissolved in 100 ul of Tris-HCI. pH 7.5, 0.01 mM EDTA, 40 mM NaCl. 5 mM f-mercaptoethanol, heated t095 C for 5 min, quick-cooled, and 
adjusted to 7mM MgCl. After addition of Hhal (20 U) digestion proceeded for 2h at 37 C, followed by incubation with 0.2 U of bacterial alkaline 
phosphatase (BAPF. Worthington) for 10 minat 65 C. Reaction mixtures were phenolised, DNA precipitated with ethanol, redissolved in 25 yl of 5 
mM Tris-HCI. pH 7.5.1 mM EDTA, 10", sucrose, 0.05°, bromophenol blue, and separated on 6°% polyacrylamide slab gels in TBE buffer®* for 2 hat 
150 V. cDNA fragments were visualised by exposing the wet gels to X-ray film (Kodak, NS2T) for 3 h. Gel bands containing cDNA fragments A and 
B were excised, DNA was eluted overnight from the crushed gel material? 5 and precipitated with ethanol, The recovered fragments were cleaved with 
Haet (5 U per fragment) at 37 C for 2 h in 20 yl of 10 mM Tris-HCI, pH 7.5, 8 mM MgCl,. After inactivation of Haelll at 80 C for 5 min, the 
DNA fragments were terminally labelled by adjusting the disgestion mixtures to 50 mM Tris-HCI. pH 8.5. 10 mM MgCl,, 0.1 mM spermidine, 5 mM 
f-mercaptoethanol, 5", glycerol, 500 Ci 7-32P-ATP (specific activity 1.5 pCi pmol '). and 5 U of T4 polynucleotide kinase at 37 C for 2 h (final 
volume 40 yl), Following phenol extraction, the DNA was precipitated with ethanol, dissolved in 25 ul of mM Tris-HCI. pH 7.5, | mM EDTA, 10% 
sucrose, 0.05°,, bromopheo! blue, and separated by electrophoresis in 8”, polyacrylamide slab gels. cDNA fragments were visualised by 
autoradiography of the wet gels (exposure time about 10-20 min). excised and eluted from the gels, precipitated with ethanol, and processed directly 
for nucleotide sequence determination? ’. For nucleotide sequence analysis of pRGH-1 DNA an appropriate amount (5 30 peg) of the isolated 800- 
base pair DNA insert was cleaved with one, or a combination, of the restriction endonucleases Haelll. Hhal, Alul. Hpall, KpnVor Pstl (see Fig. 6). 
After 5'-terminal enzymatic labelling (see above) fragments (isolated individually or in a mixture) were additionally cleaved with one of the enzymes 
listed above, and products were separated by polyacrylamide slab gel electrophoresis. In cases where a DNA fragment labelled at both 3’ termini 
could not be cleaved by one of the enzymes listed above, the two strands of that fragment were separated on a 8%, polyacrylamide slab gel in TBE 
buffer, after loading in 0.2 M NaOH, | mM EDTA®®. 


termini with a DNA insert which provides the 5’-phosphate was used to transform the bacterial EK-2 host £. coli X17796. (Ina 
groups necessary for successful ligation (see also refs 10 and 22). P3 facility to NIH guidelines) pBR322 confers host resistance to 

Following ligation of the gel-isolated 800-base pair DNA to the antibiotics ampicillin and tetracycline, and DNA insertions 
phosphatase-treated linear pBR322 plasmid the reaction mixture into the HindIII site have been found to reduce or abolish 
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Fig. 4 Preparation of double-stranded cDNA from rat growth 
hormone mRNA. Polyadenylated pituitary cell RNA (15 ug) was 
reverse-transcribed into cDNA as detailed in Fig. 3. Synthesis was 
stopped by addition of EDTA to 10 mM, the reaction mixture 
phenolised and nucleic acid precipitated with ethanol. The pre- 
cipitate was redissolved in 75 yl of 5 mM Tris-HCl, pH 7.5, | mM 
EDTA, fractionated on a Sephadex G-50 column (0.6 x 10cm) in the 
r same buffer, and fractions containing the cDNA were pooled. After 
"ENS precipitation with ethanol nucleic acid was redissolved in 150 yl of 
-150 0.1 N NaOH, | mM EDTA. and the RNA hydrolysed at 70 C for 20 
= min. After neutralisation and precipitation with ethanol, the single- 
stranded cDNA was converted to its duplex form in a 50-ul reaction 
containing 50 mM Tris-HCl, pH 8.1, 0.1 mM EDTA, 20 mM KCI. 7 
mM MgCl,, 10 mM f-mercaptoethanol, 400 uM each of dGTP, 
dTTP, dCTP, and 100 uM of x->°P dATP (specific activity about 10* 
¢.p.m. pmol '), The reaction mixture was heated to 90 C for 2 min, 
quick-cooled, and synthesis proceeded for 2 h at 40 C (in- 
r, corporation of 3*P-dAMP into DNA was approximately 3x 10° 
c.p.m.) followed by addition of 2 yg of E. coli tRNA, phenol 
extraction, and fractionation of the aqueous phase by gel filtration 
(see above). Fractions containing DNA were pooled and the nucleic acid precipitated with ethanol. The precipitate was redissolved in 100 yl of 5 mM 
Tris-HCI, pH 7.5,0,05 mM EDTA, and split into 50 yl aliquots, One aliquot was adjusted to 300 mM NaCl, 30 mM Na-acetate, pH 4.5, 3 mM ZnCl, 
and incubated with 5 U of SI nuclease (prepared according to Vogt®*°) at 37 °C for 10 min followed by phenol extraction in the presence of 5 mM 
EDTA and precipitation of the DNA with ethanol. The second aliquot was adjusted to 10mM Tris-HCl, pH 7.5, 30 mM NaCl, 8 mM MgCl,, 5mM 
#-mercaptoethanol, and the DNA was cleaved with 5 U of Hhal for 2 h at 37 °C followed by phenol extraction and precipitation of the DNA 
fragments with ethanol. For ligation to the HindIII linkers, DNA precipitates from both aliquots were separately dissolved in 25 ul of 60 mM Tris- 
HCI. pH 7.5, 8 mM MgCl,, 10 mM f-mercaptoethanol, | mM ATP, and 200 uM each of dATP. dTTP. dGTP, dCTP. They were incubated with 1 U 
(1 ul) of E. coli DNA polymerase I at 10 C for 10 min to exonucleolytically remove any 3’ protruding ends and to ‘fillin’ any 5’ protruding ends*?, 
Incubation was followed by addition of 50 pmol of 5° *?P-labelled HindIII linker (10° ¢.p.m. pmol !. in 15 ul of 60 mM Tris-HCI. pH 7.5, 8 mM 
MeCl,. 10 mM f-mercaptoethanol, | mM ATP), and bacteriophage T4 DNA ligase (to 20 pg ml ')°'. Ligation was for 60 min at 20 C. Reaction 
mixtures were diluted with 100 ul of 7 mM MgCl,, 50 mM NaCl, heated at 80 C for 5 min, cooled and DNA digested with 15 U of Hsulat 37 Ctor4 
h. The reaction mixtures were phenolised, DNA was precipitated with ethanol, redissolved in 25 ul of 5 mM Tris-HCl, pH 7.5, 1 mM EDTA, 10", 
sucrose, 0.05%; bromophenol blue, and separated on 4.5°,, polyacrylamide slab gel at 150 V for 2 h. The 800-base pair DNA and the double-stranded 
rat GH DNA fragments A and B were visualised by autoradiography of the wet gel and electrophoretically eluted from the isolated gel pieces. Lanes 
aand /, Hpall-cleaved *?P labelled phage M13 RF DNA® as molecular weight marker (numbers indicate approximate sizes in base pairs): b. DNA 
product after second strand synthesis; c, S1 nuclease digest of the sample shown in b; d, E. coli DNA polymerase | treatment and ligation of HindIII 
linkers to the sample shown in c; e, digestion of sample d with Hsul: f, double-stranded cDNA cleaved with Hhal, blunt-ended with Æ. coli DNA 
polymerase |, and ligated to HindIII linkers; g, Hsul cleavage of the sample shown in f; A 800-base pair DNA with cohesive HindIII termini after 
preparative gel elution: i, Hhal digestion of the gel-eluted 800-base pair DNA: k, double-stranded DNA fragment A with cohesive HindIII] termini 
after preparative gel elution, 
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tetracycline resistance?*. Recombinants were therefore selected 
by growth on nutrient plates containing ampicillin, and by their 
inability to grow on high levels (20 ug ml ') of tetracycline. Ten 
colonies were obtained which all carried plasmid with an insert of 
approximately 800 base pairs that was released by Hindili 
cleavage. Consistent with the purity of the cDNA material 
inserted into plasmid (30—-50°,, growth hormone DNA, see Fig. 
4i). 4 of the 10 inserts were growth hormone DNA as judged by 
their restriction endonuclease patterns (Figs 5 and 6), and shown 
by direct sequencing in one case (see below). 

Growth hormone DNA fragment A was successfully cloned in 
the same manner: 7 out of & clones contained plasmid with the 
correct DNA insertion as seen by Haelll and Apnl digestion (see 
Fig. 6). Nucleotide sequence analysis of one of these inserts 
showed that the 3° protruding -CG termini in the double- 
stranded cDNA fragment A had been removed correctly by E. coli 
DNA polymerase I (see Fig. 7) demonstrating the reliability of 
this method for obtaining defined blunt-ended DNA molecules 
from those with frayed ends. No clones were obtained for DNA 
fragment B. This could reflect the finding (see below) that the 
cloned 800-base pair DNA does not contain the presumptive 
Hhal-site which was thought to terminate the single-stranded 
cDNA fragment B. The double-stranded form of this fragment 
probably retained its terminal hairpin after Hhal cleavage. 
thereby preventing the addition of linkers to this end of the 
molecule and its subsequent insertion into the cloning vehicle. 


Sequence determination of the cloned DNA 


The 800-base pair growth hormone DNA was isolated in prepara- 
tive amounts from one of the recombinant clones (pRGH- 1!) and 
its nucleotide sequence determined by the method of Maxam and 
Gilbert?’ see Fig. 3b). The entire sequence of this DNA is 
compiléd in Fig. 7. A large part of it has been confirmed by 
determining the nucleotide order in both DNA strands. The 
sequence is identical to that determined for cDNA fragments A 
und B which demonstrates the fidelity of amplifying eukaryotic 


structural gene sequences in bacteria, and stresses the advantage 
of cDNA sequencing to probe such fidelity. 

The cloned 800-base pair DNA specifies the entire coding 
sequence for the precursor form of rat growth hormone. In 
addition, it contains all of the 3°. and part of the 5° untranslated 
region of growth hormone mRNA. Failure to obtain the complete 
5’-terminal sequence of a mRNA in cloned double-stranded 
cDNA (synthesised in vitro by self-priming of single-stranded 
cDNA and SI nuclease treatment) has also been observed in the 
few other instances reported??-*5, 


Primary structure of rat growth hormone mRNA 


The DNA sequence determined from cDNA and cloned material 
allows us to derive the primary structure of rat growth hormone 
mRNA as shown in Fig. 8. The size of this RNA (excluding the 
poly A) is estimated to be 800 nucleotides, assuming that the 5’ 
end corresponds approximately to the 3’ end of cDNA fragment 
B. This estimate agrees well with previous values obtained from 
velocity sedimentation!’ and gel electrophoresis*® of rat growth 
hormone mRNA. 

Only preliminary conclusions can be drawn about the 5- 
untranslated part of growth hormone RNA since the full 
sequence has not yet been established. At least 20 nucleotides are 
known to be missing from pRGH-1, but a tentative sequence is 
available from cDNA fragment B (Fig. 7). 

No obvious features characterise the established 5° portion of 
the mRNA sequence and no apparent homology to known 5’ 
untranslated regions of other eukaryotic messengers is found. 
But, there is a potential complementarity with the 3° terminal 
sequence (5’'-GAUCAUUA-3’) of eukaryotic 18S ribosomal 
RNA involving nucleotides — 15 to — 12 in the messenger. An 
interaction between the 5’ end of mRNA and the 3 end of 
ribosomal RNA has been demonstrated in the initiation of 
translation for prokaryotic mRNAs*735, and by analogy has 
been suggested to occur in eukaryotes*”. The linear distance from 
this site to the initiation codon AUG is comparable with that in 
rabbit -globin RNA?7+° and rous sarcoma viral RNA? where 
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such a complementarity has also been observed. 

It may be of interest that the region surrounding the AUG 
initiation codon can be folded into a secondary structure with the 
AUG being part of a hairpin loop (residues — 4 to 3) and the base- 
paired stem interrupted by non-complementary sequences (re- 
sidues — 17 to —I1. and 11 to 20) containing the region 
complementary to the 3’ terminus of 18S ribosomal RNA. Such a 
structure (7,,*' approximately 50 C) could form through in- 
teraction with proteins involved in the initiation of protein 
synthesis. 

The 3 untranslated region of rat GH mRNA contains 105 
nucleotides, excluding the poly A. Whereas the distal portion of 
this region is rich (73%) in A +U, 30 of the first 64 nucleotides 
following the UAG termination codon are C’s, present mainly in 
stretches of 4, 5, or 6 residues, Two of these C tracts are part of a 
sequence of 16 pyrimidines (residues 676-693) interrupted around 
the centre by two purines. Such highly asymmetric distribution of 
purines and pyrimidines is known to influence the secondary 
structure of the corresponding DNA double helix*? and may be of 
significance concerning structural requirements for transcrip- 
tional regulation. It is interesting to note that the CCACCCCU 
sequence (nucleotides 709-716) found at the end of the C-rich 
region is also present in rat insulin mRNA??, and slightly 
modified in human x-globin*? and rabbit B-globin RNA**. 

Several regions with symmetry elements occur throughout the 
3’-terminal sequence of GH mRNA. Of note are four regions of a 
palindromic nature the first two of which (following the termi- 
nation codon) overlap in sequence comprising 12 and 20 nuc- 
leotides and are centred around positions 656 and 667 re- 
spectively. The third region surrounds the GUUA sequence 
(residues 683-686) with two C tracts, and is reminiscent of the 
extended palindrome found in an equivalent position in HCS 
mRNA®!°®. The fourth palindrome (nucleotides 728-740) is 
solely composed of A and U residues and contains the AAUAAA 
stretch found in all other eukaryotic mR NAs sequenced to date*®. 
Between this sequence and the poly A tract a self-complementary 
sequence occurs (nucleotides 739-750) which would form a region 
of twofold symmetry in the corresponding double-stranded 
DNA. The functions of these symmetry elements and sequence 
features are unknown. These sequences may be of regulatory 
nature providing sites of interaction with proteins involved in the 
transcription of the growth hormone gene, and in the processing. 
packaging, and translation of growth hormone mRNA. 

The poly A tract characteristic of most eukaryotic mMRNAs*° 
starts with nucleotide 754, As determined from the cloned DNA 
sequence this tract is interrupted after 10 nucleotides by a C 
residue. This finding probably reflects the slippage of the extended 
oligo-dT primer in the initial stages of CDNA synthesis. But, the 
existence of occasional substitutions in poly A tracts of mRNAs 
cannot be excluded. 
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Fig.5 Restriction endonuclease cleavage pattern of cloned 800-base 
pair rat growth hormone DNA. The 800-base pair DNA and DNA 
fragments A and B, purified by gel electrophoresis, were ligated to the 
EK-2 vector pBR 322% in 50-pl reactions containing 60 mM Tris- 
HCI. pH 8, 10 mM f-mercaptoethanol, 8 mM MgCl;, between 10and 
50 ng (as judged from their specific activities) of the purified DNAs, 
and approximately 500 ng of HindIII-cleaved 5’-dephosphorylated 
plasmid DNA, Ligations were started by addition of T4 DNA ligase 
(to 5 ug ml ')°', allowed to proceed at 15 ‘C for | h, and mixtures 
diluted to 0.25 ml with 120 mM NaCl, | mM EDTA. The NIH- 
certified EK-2 host E£. coli X1776 constructed by R. Curtiss IH was 
grown in 150 ml of nutrient broth supplemented with DL-x-£- 
diaminopimelic acid (DAP, 100 ugm ')and thymine(40 pg ml ')to 
an Asso of 0.2. After centrifugation the cells were washed in 60 ml of 
10mM NaCl. pelleted, resuspended in 60 ml of transformation buffer 
(10mM Tris-HCl, pH 8, 140mM NaCl, 75mM CaCl), kept on ice for 
15 min, pelleted, and resuspended in 1.5 ml of the same buffer. The 
following transformation, cell growth, and the isolation of cloned, 
recombinant plasmid DNA were performed in a certified P3 lab- 
oratory. After adding 0.5 ml of CaCl,-treated cells to the diluted 
ligation reactions the transformation mixtures (0.75 ml) were kept on 
ice for 15 min, at 25 C for 4 min, and again on ice for 30 min, They 
were then plated directly on to nutrient plates (about 0.2 ml per plate) 
containing ampicillin (20 pg ml '), DAP (100 pg ml '), and thymine 
(40 ug ml ') and the plates incubated for 24 h at 37 C. In these 
conditions about 20 transformants were usually obtained from each 
ng of supercoiled pBR 322 plasmid. In the experiments described here 
transformation with the 800-base pair DNA yielded 11 colonies, one 
of which grew on tetracycline (20 pg ml ') and carried plasmid 
without insert. CDNA fragment preparations A and B gave 8 and 5 
colonies, respectively. Analysis of the isolated plasmids by restriction 
endonuclease cleavage and 6%, polyacrylamide slab gel elec- 
trophoresis of the cleavage products (which were then visualised 
under ultraviolet light after staining with ethidium bromide”*) 
showed that 4 colonies contained 800-base pair GH DNA, 7 colonies 
contained GH DNA fragment A and none was found to contain GH 
fragment B. Shown are digests of pRGH-1 insert (800-base pair rat 
GH DNA) with the restriction endonucleases: Haelll and Psl, (b); 
Haelll, (c); Hhal, (d); Hhal and Kpni (e); Alul (f); Alul and Hpall 
(g); no enzyme (h). Lanes (a) and (/) contain Hpall-cleaved phage 
fd-RF DNA as molecular weight marker, Numbers indicate 
approximate sizes in base pairs. 


Fig.6 Physical map of rat growth hormone mRNA from the poly A to the 5’ end. The black and white boxes span the coding region and represent 
the signal region and the region coding for the mature hormone respectively. Characteristic amino acids and their respective positions are 
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Fig. 7 Nucleotide sequence of the structural gene for rat growth hormone. The sequences shown were determined by the method of Maxam and 
Gilbert** from fragments of single-stranded cDNA to rat growth hormone mRNA and from the recombinant bacterial plasmids pRGH-I and 
pRGH-2 (see Fig. 3). Also shown are the locations of restriction endonuclease sites used for cleaving cDNA and cloned DNAs. The sequences 
obtained from the single-stranded cDNA fragments, A,, A,. A;, B,, and B, are in italics and span residues 521-421, 272~202, 337-276, 196-110, and 
58 to — 37 respectively. (Position | is assigned to the A residue in the AUG initiator for the precursor protein.) The cDNA sequence in parentheses is 
not fully confirmed. Sequences obtained from cloned DNAs are shown in bold type. The second C residue in the sequence CC;*GG appears as a gap 
in the sequencing gels due to methylation’? in E. coli ¥1776. The presence of this nucleotide inferred from band spacings was contirmed trom the 
sequence of the complementary strand or the cDNA. Nucleotides 523-525 were not directly sequenced but inferred from the existence of the Hhal 
site in this position. The boxed sequences represent the cohesive termini derived from the HindIII linkers and mark the ends of pRGH-1 and pRGH-2. 


The coding region contains 648 nucleotides which specify the 
216 amino acids of the growth hormone precursor. The codon 
choices are listed in Table 1. It can be seen that codon utilisation is 
distinctly non-random, a phenomenon also noted in the coding 
sequences of other eukaryotic? !°2?-4° and prokaryotict’-** 
mRNAs. As a consequence of such selective codon usage, growth 
hormone mRNA has a high G +C content (57.7%) which exceeds 
that of total rat DNA (43%)?°. 


Amino acid sequence of rat pre-growth hormone 


The established mRNA sequence permits the prediction of the 
complete amino acid sequence of the proposed physiological 
precursor form of rat growth hormone (pre-GH). The amino acid 
composition of this protein is given in Table 1. 

The signal peptide of pre-GH (26 amino acids, MW 2,846) has a 
high content of hydrophobic amino acids (17 non-polar residues, 





Table I Amino acid composition and codon choices of rat pre-growth hormone 


Phe UUU 6 Ser UCU 0 (1} 
UUC 6 (1) UCC 3 

Leu UUA | UCA 2 
UUG 2 UCG 2 

Leu CUU l Pro CCU | (1) 
CUC 6 (2) CCC § (1) 
CUA 0 CCA l 
CUG I5 (4) CCG 0 

He AUU 3 Thr ACU l (1) 
AUC 5 ACC 7 (1) 
AUA 0 ACA 0 

Met AUG 6 (h) ACG 0 

Val GUU 0 Ala GCU 7 (3) 
GUC 2 GCC 8 
GUA 0 GCA | (1) 
GUG 2 GCG 2 


Tyr UAU 4 Cys UGU 2 
UAC 3 UGC 2 fl) 
Ter UAA 0 Ter UGA 0 
UAG |I Trp UGG | (2) 
His CAU 0 Arg CGU 2 
CAC 3 CGC 6 
Gin CAA 1. 0) CGA | 
CAG hR (l) CGG | 
Asn AAU 2 Ser AGU | 
AAC 3 AGC 6 (1) 
Lys AAA 3 Arg AGA | 
AAG & AGG | 
Asp GAU |] Gly GGU I (1) 
GAC 9 (l) GGC 3 
Glu GAA 4 GGA | 
GAG hH (1) GGG 3 





The amino acid sequence of rat pre-growth hormone has been solely predicted from the nucleotide sequence of rat growth hormone mRNA (see Fig. 8). 
Numbers next to codons indicate the number of amino acids using particular codons in the mature hormone, numbers in parentheses denote the extra 
amino acids of the pre-part. The N-terminal methionine is included. From a total of 216 codons used, 39.4% terminate in C. 34.3° in G, 18°. in U. and 
8.3%, in A. The molecular weights of rat growth hormone and its precursor form as determined from the amino acid compositions are 21777.2 and 24622.6 
respectively. 
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Fig.8 Nucleotide sequence of rat growth hormone mRNA and amino acid sequence of rat pre-growth hormone. The nucleotide sequence of rat 

growth hormone mRNA has been deduced from the DNA sequences compiled in Fig. 7. The tentative 5’ terminal sequence shown in parentheses is 

solely derived from cDNA fragment B, and does not allow the precise localisation of the 5’ end of the mRNA. The RNA sequence permits prediction 

of the entire amino acid sequence for rat growth hormone (amino acids 1-190} and its pre-part (amino acids — 26 to — 1). The predicted sequence is 

in good agreement (except at positions | and 8) with the partial amino acid sequence of rat growth hormone as described by Wallis and Davies!” 
which comprises residues 1-43, 65-69, 108-113, 133-143, and 150-190. 


six of which are Leu). A similar composition has been found in 
signal peptides of other proteins destined for secretion’®’**, and 
reflects their role in the attachment of ribosomes to the en- 
doplasmic reticulum +°. There is little apparent homology to other 
known signal peptides, except in the case of bovine growth 
hormone** where from the few established amino acid assign- 
ments at least residues — 1, —9, — 11, — 14, — 16, and — 17 are in 
homologous positions in the rat and bovine precursors. The 
junction of the signal peptide with the mature rat hormone is 
provided by an Ala~Leu bond (see below) which is presumably 
cleaved by a membrane-bound peptidase to generate the N- 
terminus of growth hormone. Processing of secretory precursor 
peptides by cleavage after Ala residues has been observed in 
several other instances®®. 4, 

Rat growth hormone (RGH) itself comprises a peptide chain of 
190 amino acids (MW 21,777) like the equine (EGH), bovine 
(BGH), and ovine (OGH) growth hormones. Compared with 
human growth hormone (HGH) and = choriosomatomam- 
motropin (HCS) these four peptides contain two deletions (Phe 
and Ser at positions 44 and 108 in HGH) and one insertion (Phe at 
position 183)*°. The sequence of rat growth hormone (see Fig. 8) 
shows high but varying degrees of homology with the known 
sequences for HGH, BGH, OGH, and EGH?°. This finding 
reflects variable evolutionary rates of mammalian GHs, also 
noted by Wallis and Davies'®. RGH differs from HGH by 34.4%, 
from BGH by 12.1%, and from EGH by 6.3%. In eight positions 
RGH uses amino acids not used in homologous positions in 
HGH, BGH, OGH, or EGH, although the observed changes are 
conservative in nature. The positions and amino acids are: 1, Leu 
for Phe; 70, Thr for Ser; 95, He for Val; 101, Met for Val: 124, Gin 
for Gly (HGH) or Arg(EGH, BGH. OGH); 133, He for Thr 
(HGH) or Ala (EGH, BGH, OGH); 146, Ala for Thr; 184, Ala for 
Val C(HGH,EGH), or Gly (BGH,OGH),. 

The amino acid sequence of rat GH determined solely from 
DNA sequences is in good agreement with the partial protein 
sequence for this hormone obtained by Wallis and Davies!®. The 


only two differences are at positions | and 8 where our sequence 
reads Leu and Ser instead of Phe and Gly. Whereas a Ser at 
position 8 might have been expected because this amino acid is 
also used in EGH (which RGH is seen to follow more closely in 
sequence than BGH, OGH, or HGH), the presence of Leu in 
position | is unexpected since only Phe is used by any of the other 
known GHs. But, since allelic polymorphism has been observed 
in BGH*>, the Leu in position | may represent an allelic variant 
generated by a single base change (UU — UUA). This variant 
could be expressed at a low level but may have been amplified in 
the cloning event. It is also possible that the Leu-containing 
peptide chain constitutes the only allele expressed in the cultured 
pituitary cells used as a source for GH mRNA. We are investigat- 
ing this issue by determining the N-terminal residue of the peptide 
secreted by these cells. 

This report demonstrates an analysis of the primary structure 
of a pituitary mRNA and the prediction of the amino acid 
sequence of the peptide product, pre-growth hormone. The 
techniques used (detection of low level nucleic acid sequences by 
enzymatic dissection of total cellular cDNAs®, rapid DNA 
sequencing**, and molecular cloning®*-*) permit such an anal- 
ysis to be expediently performed on a minimum amount of 
material, starting from a preparation that contains only a few per 
cent of the mRNA of interest. 

The cloning of growth hormone DNA sequences should 
facilitate future work concerning the regulation of the growth 
hormone gene and will prove useful in developing systems for 
providing somatotropin, a hormone that is currently in short 
supply. 
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DNA complementary to mRNA coding for the human 


polypeptide hormone, chorionic somatomammotropin, has 


been purified by specific restriction endonuclease digestion 
and religation before cloning into bacterial plasmids, The 


primary structure of a major portion of this mRNA species is 


deduced from the nucleotide sequence of the recombinant 
DNA. 


THE polypeptide hormone human chorionic somatomam- 
motropin (HCS, placental lactogen) is secreted by the placenta in 
increasing amounts during pregnancy, reaching levels of the order 
of | g per day in the last trimester!. The physiological function of 
this hormone is still largely unknown, but it seems to act primarily 
on maternal metabolism, providing important nutrients of mater- 
nal origin necessary for foetal growth?, 

The primary structure of HCS is very similar to that of human 
growth hormone (HGH); both polypeptides contain 191 amino 
acids and are 85%, homologous in amino acid sequence’. Such 
homology suggests that the genes for these two hormones, 
together with that coding for the related pituitary hormone 
prolactin, have evolved from a common ancestral gene?*+. HCS, 
however, is secreted solely by the placenta, whereas growth 
hormone production is confined to the pituitary. This set of 
structurally Telated but differentially expressed genes thus forms 
an excelent system for investigating the structure, evolution and 
regulation of closely related eukaryotic genes. 

In order to determine the degree of homology in the primary 
structure of these genes and to investigate the feasibility of 


bacterial synthesis of human polypeptide hormones, we have 
constructed recombinant bacterial plasmids carrying DNA tran- 
scribed from HCS mRNA. We describe here the construction of 
these plasmids and the determination of the nucleotide sequence 
of the cloned DNA. Due to the stringent requirements of working 
with recombinant DNA from human sources? we have developed 
a general approach for preparing homogeneous CDNA fragments 
transcribed from a complex mixture of mRNAs which should be 
applicable to many other mRNA species. A comparison of the 
primary structure determined for the coding region of HCS 
mRNA with that reported for rat growth hormone mRNA in the 
accompanying paper® demonstrates the conservation of nuc- 
leotide sequences between these two mRNA species. 


Purification of DNA 
compemenary to HCS mRNA 


plie as n EN described? a the aay E 
RNA separated by chromatography on oligo dT-celluloses. The 
preparation was enriched for HCS mRNA by sucrose gradient 
sedimentation and pooling of the fractions (11-138) which gave 
rise to a predominant 550 nucleotide CDNA Haelll fragment (see 
below). The major translation product of this RNA in a wheat 
germ cell free system is a 24,000 molecular weight (MW) polypep- 
tide which accounts for approximately 50°% of the total synthesis 
(results not shown). We have previously shown this polypeptide 
to be a precursor form of HCS by specific antibody precipitation’, 
suggesting that HCS mRNA constitutes about 50° of the total 
mRNA in this enriched preparation. The same polyadenylated 
RNA was used as a template for transcription into double- 
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stranded cDNA (see Fig. | legend). This cDNA was hetero- 
disperse as judged by polyacrylamide gel electrophoresis but gave 
rise to a predominant 550-base pair fragment when digested with 
the restriction endonuclease Haelll (Fig. 1, lane 1). We have 
previously demonstrated that this fragment is derived from DNA 
complementary to HCS mRNA by direct nucleotide sequencing 
of the corresponding single-stranded cDNA fragment’. As seen 
from Fig. 1, this fragment represents approximately 30°% of the 
total cDNA synthesis, in agreement with the levels of HCS 
mRNA predicted from in vitro translation of the same RNA 
template. 

Although unique cDNA fragments generated in this manner 
can be isolated from most of the other fragments by gel elec- 
trophoresis and characterised by direct sequence analysis, a 
significant percentage of the isolated material consists of con- 
laminating sequences. In order to purify such cDNA fragments to 
near homogeneity we have developed a procedure involving 
specific cleavage and religation of the isolated DNA fragments 
and have used this approach to purify HCS cDNA as shown in 
Figs | and 2. A unique DNA fragment, generated as described 
above from a complex mixture of DNA fragments, is first treated 
with alkaline phosphatase (see below), isolated by gel elec- 
trophoresis (Fig. 1, lane 2) and then cleaved into two fragments 
with a second restriction endonuclease. The two major cleavage 
products are then re-isolated following separation by gel elec- 
trophoresis. During this step most of the contaminating 
sequences are removed as they will remain uncleaved or will be 
cleaved in a different relative position (Fig. 1, lane 3). The two 
isolated fragments are then religated to form the original 
fragment. Previous treatment of the original cDNA fragment 
with alkaline phosphatase ensures that these two fragments are 
capable of ligation to each other only in the correct orientation 
although self-ligation to form dimers also occurs (Fig. 1, lane 4). 
Isolation of the original fragment, reconstructed by ligation of its 
constituent digestion products, results ina DNA species which is 
greater than 99°, homogeneous as judged by restriction en- 
donuclease digestion and quantitation of the digestion products 
(Fig. 2). In order to isolate HCS cDNA for molecular cloning into 
bacterial plasmids, we followed the above approach using Hhal 
endonuclease to cleave the 550-base pair Haelll fragment as 
described in Figs | and 2. 


Molecular cloning of HCS cDNA 


The purified 550-base pair Haelll fragment was cloned into 
bacterial plasmids using chemically-synthesised restriction site 
‘linkers’! 1>, The self complementary  decanucleotide 
(SICCGAATTCGG(3’) containing the EcoRI restriction en- 
donuclease recognition and cleavage site was ligated to the HCS 
Haelll fragment (previously phosphorylated using ATP and T4 
polynucleotide kinase to replace the 5S’ phosphates removed 
during purification) in a molar ratio of 50:1. Figure 3 (lane 2) 
shows that the EcoRI decamers ligated both to themselves and to 
the HCS cDNA. Digestion of these ligation products with EcoRI 
endonuclease results in cleavage at the EcoRI site of the decamers 
giving rise to HCS cDNA with EcoRI cohesive ends as well as 
cleaved decanucleotides (Fig. 3, lane 3). As the cleaved decamers 
also contain EcoRI termini and would compete with the cDNA 
for ligation to the similarly cleaved plasmid, the HCS cDNA was 
isolated by gel electrophoresis before ligation to the cloning 
vector. 

The use of this decanucleotide for the cloning of the HCS 
cDNA fragment has the advantage that the original Haelll sites 
are recreated at each end of the DNA fragment, allowing its 
isolation from the plasmid in a form identical to that of the 
original fragment. This is particularly useful for further studies 
involving the use of the cloned HCS fragment as a primer for 
cDNA synthesis on placental mRNA or HnRNA. 

For the cloning of the HCS cDNA we used the bacterial 
plasmid pMB9, a 3.5 =x 10° MW molecule containing a single 
EcoRI site'*. Infection of E. coli with pMB9 confers resistance to 
tetracycline. To select for recombinant plasmids we developed a 
method for ensuring that only plasmids containing an inserted 
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Fig. 1 Purification of HCS cDNA. Polyadenylated placental RNA 
isolated as previously described was enriched for HCS mRNA by 
sedimentation in a 5-20", sucrose gradientat4 C in the SW 27 rotor 
at 25,000 r.p.m. for 16h, The 11-13S region of the gradient was 
pooled and 100 ug of this RNA used for the synthesis of double- 
stranded cDNA as described elsewhere". DNA synthesis was stop- 
ped by extraction with phenol-chloroform and the DNA pre- 
cipitated with ethanol. Digestion of the cDNA with Hauelll en- 
donuclease (a gift from W. Brown) was carried out in 50 ul 6 mM 
Tris-HCI, pH 7.5, 6 mM MgCl,, 6 mM f-mercaptoethano! with 2 
units of Haelll at 37 C for 2h, after which 0.1 units of bacterial 
alkaline phosphatase (Worthington, BAPF) were added and diges- 
tion continued at 60 C for 10 min. After phenol-chloroform 
extraction, the DNA was precipitated with ethanol, dissolved in 
20 ul 10 mM Tris-HCl, pH 8, 1 mM EDTA and electrophoresed in a 
6°, polyacrylamide gel. The 550-base pair fragment was excised 
from the gel, eluted electrophoretically and digested with 4 units of 
Hhal endonuclease (New England Biolabs) at 37 C for 2 hin 50 yl 
of the same buffer used for digestion with Haelll endonuclease. The 
digestion products were then separated by electrophoresis in a 6", 
polyacrylamide gel and the two fragments eluted electrophorctically. 
The eluted fragments were combined and re-ligated in a 20 ul 66 mM 
Tris-HCI. pH 7.6.9 mM MegCl,, 15 mM dithiothreitol, | mM ATP 
containing 20 ug ml ' of Ty DNA ligase” at 15 C for 2 h, diluted to 
200 ul with 0.1 M NaCl, extracted with phenol chloroform and the 
DNA precipitated with ethanol. The ligation products were dissol- 
ved in 20 ul 10 mM Tris-HCl, pH 8, I mM EDTA, separated by 
electrophoresis in a 6”, polyacrylamide gel and the 550-base pair 
fragment excised and eluted electrophoretically, This fragment was 
used in the cloning experiments. Samples from-each step in the 
purification procedure were analysed by electrophoresis in a 6", 
polyacrylamide gel in 50 mM Tris-borate, pH 8, | mM EDTA at 
100 V for 2 h. After electrophoresis the gel was dried and exposed to 
X-ray film (Kodak NS2T) to visualise the labelled fragments. a, 
Haelll digest of total placental cDNA; b, the 550-base pair HCS 
Haelll fragment isolated from (a); ¢. Hhal digest of the isolated 
Haelll fragment; d, re-ligation of the separately isolated Mhal 
digestion products; e, the 550-base pair fragment regenerated by 
ligation of its constituent Hhal fragments after isolation from a 6°, 
polyacrylamide gel; /, *?P-labelled Hpall digest of ds M13 DNA 
used as size markers. 
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Fig. 3 Ligation of purified HCS cDNA to EcoRI decamers. 
B Purified HCS cDNA Haelll fragment was phosphorylated at its 5’ 
termini (see text) using T4 polynucleotide kinase and ATP’®, EcoRI 
decamers(5'-CCGAATTCGG-3’;; a gift from R. H. Scheller) were 
then ligated to the fragment in a molar ratio of approximately 50:1 in 
50 ul of 66mM Tris-HCl, pH 7.6, 9mM MgCl, 1SmM dith- 
iothreitol, I mM ATP and 20 ugml`' T4 DNA ligase’. After 
ligation at 4 °C for 18 h, the reaction was stopped by extraction with 
phenol-chloroform. The ligation products were precipitated with 
ethanol, redissolved in 50 ul 100 mM NaCl, 50 mM Tris-HCl, pH 
7.6,7 mM MgCl), and digested with 50 units EcoRI endonuclease at 
37 °C for 2 h. Samples were analysed on an 8% polyacrylamide gel as 
described in the legend to Fig. 1. a, *?P-labelled Haelll digest of ds 
M13 DNA; b, ligation of EcoRI decamers to the purified HCS 
Haelll fragment; c, EcoRI endonuclease digest of the ligation 

products shown in A. 
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6341 Fig. 2 Purity of HCS cDNA used for molecular cloning. The 
6074 isolated HCS cDNA Haelll fragment. purified as described in Fig. 1, 
was digested with either Hhal or Hpall (New England Biolabs) in 
501 6mM Tris-HCl, pH 7.6. 6mM MgCl, 6mM_ $- 
mercaptoethanol at 37 C for 2h and terminally labelled using 
[y> P]ATP and T; polynucleotide kinase'”. The labelled digestion mix 
was extracted with phenol-chloroform and the DNA separated from 
unincorporated [y**PJATP by chromatography on Sephadex G-50. 
The labelled fragments were precipitated with ethanol, resuspended in 
20 ul 10 mM Tris-HCl, pH 8, I mM EDTA and subjected to electrophoresis in a 6",, polyacrylamide gel. Following electrophoresis the gel was 
exposed t8 X-ray film to visualise the labelled fragments. A: a and f, **P-labelled Haelll digest of ds M13 DNA; bande, purified HCS cDNA Haelll 
fragment; c, Hhal digest of the HCS cDNA Haelll fragment; d, Hpall digest of the HCS cDNA Haelll fragment. B: Scan of the autoradiogram 
shown in (A). a, Purified HCS cDNA Haelll fragment; b, Hhal digest of the HCS cDNA Haelll fragment; c, Hpall digest of the HCS cDNA Haelll 
fragment. The purified HCS cDNA Haelll fragment was judged to be greater than 99% homogeneous by quantitation of the distribution of 
radioactivity in each of the two restriction endonuclease digests. Similar results were obtained by analyses of an Ybal digest of the purified CDNA 

fragment, Numbers represent c.p.m. in each fragment and in the intervening regions of the gel. 
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Fig. 4 Schematic representation of HCS mRNA showing restriction endonuclease cleavage sites in the corresponding cDNA. Only those 
restriction sites used in the present analysis are shown, 
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Fig. 5 Autogradiograms of 20", acrylamide-7 M urea gels used for sequence analysis of the cloned HCS cDNA fragment. The 550-base pair 
fragment released from pHCS-1 by EcoRI digestion was isolated by electrophoresis in a 6",, polyacrylamide gel and the 5’ termini labelled using 
[V P]ATP and T; polynucleotide kinase'". The labelled DNA was then incubated in 50 ul 6 mM Tris-HCl, pH 7.6, 6mM MgCl. 6mM f- 
mercaptoethanol containing 5 units of Hpall at 37 C for 2h. The reaction was stopped by extraction with phenol-chloroform and the DNA 
precipitated with ethanol. The digestion products were dissolved in 50 ul 10 mM Tris-HCI, pH 8, | mM EDTA. subjected to electrophoresis in an 8", 
polyacrylamide gel and the two labelled fragments eluted electrophoretically. Each fragment was then subjected to the four base-specific cleavage 
reactions described by Maxam and Gilbert'* and the cleavage products analysed on a 20%, acrylamide-7 M urea gel [40 x 40 x 0.2 cm] run at 1,000 V 
lor 36 h. To visualise the terminally labelled fragments the gel was exposed to X-ray film (Kodak NS-54T) at —20 “C for 2 d. a, b, c, The 3'-terminal 
EcoRI- Hpall fragment. Samples were loaded on the gel at 12 h intervals in the order c-b-a. d, e, The 5'-terminal EcoR|-Hpall fragment. Sample (e) 
was loaded 12 h after o. G^, A', T’. C refer to the respective base-specific cleavages as described by Maxam and Gilbert! *. The nucleotide seqaence 
can be read directly from the autoradiogram as shown for the 5'-terminal sequence of each fragment. *The second C residue in the two sequences 
CCAGG is not seen on the gel as this is methylated in £. coli X1776 and hence is not cleaved during the chemical modification and cleavage reactions. 
Such a methylation does not affect Huell cleavage at one of these sites (GGCCAGG) although it does prevent EcoRI cleavage at these sequences 
and at the CCTGG sequence found elsewhere in the cloned HCS DNA. 
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200 Nhal Alul ol 
TCCAACATGOGAGGAAACGCAACAGAAATCCAAT TAGAGCTGC TCCGCATCTCCCTGCTGCTCATCGAGTCGTGGCTGGAGCCCOTGC GCTTCCTCAG GAGTAT GTTCCCCAACAACCTG 
AGGTTGTACCTCCTTTGCGTTGTCTTTAGGTTAGAT ACGAGGCGTAGAGGGACGACGAGTAGCTCAGCACCGACCTCGGGCACECCAAGGAG tPCEOTCATACAAGCGGTTGTPGGAC 
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GTGTATGACACCTCGGACAGCGATGACTATCACCTCCTAAAGGACCTAGCAGGAAGGCATCCAAACGCTGATGGGGAGGCTGGAAGACCACAGCCGCCGACTOGGCAGATCCTCAAGCAG 
CACATAC TGTGGAGCETGTCGCTACTGATAGTGGAGGATTTCCTGGATCTCCTTCCGTAGGTTTGCGACTACCCCTCCGACCTTCTGCCGTCGGCGG 





EIA 


489 s99 B28 


64 


» 


ie Hhal 5e 


ACCTACAGCAAGT TTGACACAAACTCGCACAACCATGACGCACTGCTCAAGAACTACGGGCTGCICTACTOCTICAGGAAGGAC CATGGACAAG SGTCGAG GACATTECIGC CATGOTGCAG 
TGGA TGTCGTTCAAACTGTGTTTGAGCGTGTTGGTACTGCGTGACGAGTTCTTGATGCCCGACGAGATGACGAAGTCCTTCCTGTACCTGTTCCAGCTCTGTAAGGA GTACCACGTC 
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Fig. 6 Nucleotide sequence of cloned HCS cDNA. The nucleotide sequence of restriction endonuclease generated fragments was determined as 

described in Fig. 5 legend. Only those sequences determined directly are shown in bold type. The complementary sequences are shown in italics and 

sequences derived from the EcoRI linkers are boxed. The cloned sequences were obtained by digestion of the EcoR|-generated fragment of pHCS- | 

with either Alul, Hpall or Hhal (Fig. 4), S’-termina! labelling of the fragments using [y> P]ATP and T4 polynucleotide kinase and separation of 

individually labelled fragments by either strand separation * (for the 5'-terminal A/ul fragment) or a second restriction endonuclease cleavage. The 

sequence is underlined where we have previously determined it directly from CDNA’. Nucleotides are numbered from the first nucleotide in the 
codon specifying amino acid number one (Vali in HCS?. 


PGOACCOCGTCTAGGAGTTCGTC 


DNA fragment were capable of transformation. This was 
necessary as incorporation òf DNA into the EcoRI site of pMB9 
does not affect tetracycline resistance or any other known 
property of the plasmid resulting in the absence of any phenotypic 
difference between recombinant and normal plasmids. We there- 
fore first treated EcoRI-cut pMB9 with alkaline phosphatase. 
This removes the 5’ phosphates from the EcoRI-generated ends of 
the plasmid and prevents self-ligation of the plasmid DNA, 
ensuring that circle formation (and hence transformation) is 
dependent on the insertion of a DNA fragment containing 5’ 
phosphorylated termini’? 

The mixture containing recombinant HCS cDNA-pMB9 was 
used to transform the EK2 host E. coli X1776 as described in the 
accompanying article, and transformants selected by growth on 
medium containing tetracycline 20 ug ml! (work done in P3 
facility in compliance with NIH guidelines). Four transformants 


were obtained, all of which contained a 550-base pair insertion 
which was released from the plasmid DNA by either EcoRI or 
Haelll endonuclease digestion (see above). Furthermore, the 
restriction pattern of each of the four cloned DNA fragments was 
identical to that of the HCS cDNA fragment when cleaved with 
the endonucleases Xhal, Hpall, Alul and Hhal (see Fig. 4). 


Sequence analysis of cloned DNA 


Plasmid DNA prepared from one of the clones (pHCS-1) was 
cleaved with EcoRI endonuclease and the 550-base pair insertion 
isolated from linear pMB9 by electrophoresis in a 6% polyacry- 
lamide gel and subjected to DNA sequence analysis using the 
procedure of Maxam and Gilbert'* as shown in Fig. 5. The 
complete nucleotide sequence of the EcoRI-generated fragment 
was determined by separate sequence analysis of the fragments 


Fig. 7 Primary structure of HCS mRNA. The nucleotide sequence of HCS mRNA was deduced from the DNA sequence determined from the 
cloned fragment in pHCS-1 (as shown in Fig. 6). Numbers above the sequence indicate the amino acid number from the known sequence of HCS, 


The large palindrome in the 3’-untranslated region is underlined with an arrow indicating its centre of symmetry. 
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produced by Alul, Hhal or Hpall endonuclease cleavage of the 
DNA (Fig. 6). By comparison with the known amino acid 
sequence of HCS, the 557 nucleotide sequence shown in Fig. 7 
represents that portion of the coding region of HCS mRNA from 
amino acids 24-191, plus 50 nucleotides of the 3’-untranslated 
region. The amino acid sequence predicted from the nucleotide 
sequence is identical with that previously published? confirming 
the validity of amino acid sequence determination by nucleotide 
sequence analysis. 

The fidelity of cDNA cloning in bacterial plasmids is seen from 
the presence of identical sequences in the cloned DNA and those 
previously determined directly by cDNA sequencing’. This is also 
shown in the accompanying paper on rat growth hormone 
mRNA® and demonstrates the validity of using recombinant 
DNA for structural studies of eukaryotic genes and will allow 
examination of the fidelity of expression of these genes in bacteria. 


Primary structure of HCS mRNA 


An analysis of the coding region of HCS mRNA indicates that 
codon utilisation is non-random with certain strongly preferred 
codon choices for some of the amino acids (Fig. 8). A very similar 
pattern of codon utilisation is seen in rat growth hormone 
mRNA® which is reflected in the conservation of sequences found 
between these two mRNA species (see below). Preferential codon 
utilisation, which is clearly different from that seen in bacterio- 
phage and SV40 mRNAs'®'!8, has also been previously observed 


Phe UU & Ser uc 2 Tyr UAU 4 Cys UGU i 
uuc È ucc 3 UAC 4 uoco 3 
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Leu CHU + Pre CCU ~ His CAU 2 Arg CGU ~ 
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Met AUG 4 ACG 2 AAG 8 AGG 3 
Val GUU -~ Ala GCU -~ Asp GAU 1 Gly GSU ~ 
GUC i gcc 2 GAC 13 aoc 4 
GUA ~ GCA l Glu GAA 5 GGA + 
GUG 4 GCG ~ GAG B GGG 3 


Fig. 8 Codon uülsaton in HCS mRNA. Term, termination 
signal. 


in rabbit f-globin mRNA!? and rat insulin mRNA!?. The use of 
certain codons (for example, CUC and CUG for Leu, GAC for 
Asp, AAG for Lys) seems to be favoured in all eukaryotic cellular 
mRNAs examined to date, while others are apparently strongly 
selected against (for example, UUA for Leu, AUA for He, GUA 
for Val). Such codon selection reflects the apparent preference for 
C or G in the third position of eukaryotic codons. In the coding 
region of HCS mRNA, 75 codons (46°,) terminate in C, 53 (33°) 
in G (excluding AUG and UGG, which only have one codon), but 
only 17 (10°,) end in U and 17 in A (10%) (Fig. 8). 

Comparison of the coding regions of HCS and rat growth 
hormone mRNA demonstrates the conservation of nucleotide 
sequences between these two mRNA species with very few ‘silent’ 
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codon changes (Fig. 9), supporting the suggestion that the 
structural genes for chorionic somatomammotropin and growth 
hormone have evolved by duplication of a common ancestral 
gene. Such sequence conservation between related mRNAs from 
diverse organisms is likely to result from several factors, including 
selection of a favoured mRNA structure and the availability of 
specific isoaccepting tR NAs. 

The 3’-untranslated region of HCS mRNA is characterised 
by a large palindromic sequence (5’-GUGACCCCUCCCC- 
AGUG-3’) previously seen from direct sequence analysis of 
cDNA fragments’. In contrast to the coding region, most of the 
3’-untranslated region of rat growth hormone mRNA shows very 
little homology with the region determined in HCS mRNA 
although a somewhat similar palindromic-type sequence contain- 
ing oligo C tracts (S’-UCCCCCGUUACCCCCCU-3’) is found 
in a corresponding position in rat growth hormone mRNA®. 
Other palindromic sequences are also present in a similar position 
in the 3’-untranslated region of human « globin mRNA (5- 
UCCUCCCCUCCU-3’)?" and human f-globin mRNA (5’- 
GGGGGAUAUUAUGAAGGG-3’)"!. The function of such 
symmetrical sequences is not known, but they may represent 
recognition sites for specific protein—-nucleic acid interactions 
involved in the regulation of transcription, translation or process- 
ing of the mRNA. 

Amplification in bacterial plasmids of HCS gene sequences 
provides a probe to study regulation of this gene (and the closely 
related growth hormone gene) in normal and pathological states. 
The fidelity shown in the replication of these sequences in bacteria 
will also allow investigation of the expression of eukaryotic 
structural gene sequences when linked to bacterial promoters in a 
manner defined at the molecular level. 

We thank Dr H. L. Heyneker for T, polynucleotide kinase and 
DNA ligase and F. DeNoto for excellent technical assistance. 
Avian myeloblastosis virus reverse transcriptase was kindly 
provided by the Office of Program Resources and Logistics, Viral 
Cancer Program, NCI. P.H.S, is the recipient of a fellowship from 
Deutsche Forschungsgemeinschaft. J.D.B. is an investigator of 
the Howard Hughes Medical Institute. This work was supported 
by NIH grants CA 14026, AM 18878 and AM 19997. 
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Black holes in closed universes 


BLACK holes are now the subject matter of at least half the papers 
in general relativity. These papers rest on a foundation of sand, 
for black holes have been successfully defined only in asymptoti- 
cally flat spacetimes, and no one really believes that the Universe 
is asymptotically flat. I shall provide a firm basis for black hole 
physics in the present paper; I shall extend the concept of ‘black 
hole’ to arbitrary stably causal spacetimes by essentially defining a 
black hole to be that object which contains all the ‘small’ trapped 
surfaces. As for most astrophysical applications black hole 
surfaces are located approximately by the outermost trapped 
surface boundary, this new definition allows results which depend 
only on the local behaviour of black holes in asymptotically flat 
spacetimes to be extended (approximately) to closed universes. 
Results which depend on the global behaviour of black holes 
cannot in general be extended to closed universes. For example, it 
is shown that the black hole area theorem—-the statement that 
black holes never decrease their cross-sectional area-——cannot be 
extended to closed universes. The new concept of black hole yields 
a purely geometrical definition of time direction in closed un- 
iverses. My notation will be that of ref. 1. 

Definition: a black hole is the closure of the topologically 
smallest future set I* such that (a) I* contains all non- 
cosmological trapped surfaces; (6) the boundary of I* is gen- 
erated by null geodesic segments which are boundary generators 
of TIPs. 

(In the topological sense, a set A, is the smallest member of {A;} 
if A; & A; for all 4.) A black hole as defined above is a 4- 
dimensional object. A 3-dimensional black hole—a concept 
useful for discussing black hole collisions-—can be obtained by 
intersecting the black hole defined above with a partial Cauchy 
surface. This is analogous to the procedure used in asymptotically 
flat spacetimes to obtain a 3-dimensional black hole (ref. 1, p 
315). 

The distinction between cosmological and non-cosmological 
trapped surfaces can be clarified by comparing the spherical 
trapped surfaces in Schwarzschild spacetime with the spherical 
trapped surfaces appearing in the contracting phase of a closed 
Friedmann universe’. In both cases the boundary of the trapped 
surface region T is a marginally trapped surface @T with 
avg?” = Qand zang’ < 0. (That is, one family of null geodesics 
orthogonal to ĉT has zero divergence at OT, while the other family 
has negative divergence at CT. ,7,, Is a null second fundamental 
form of ôT.) In the Schwarzschild case the family with ,7*°g*” < 0 
points toward the trapped surfaces defining ôT, while in the 
Friedmann case the Xag? < @ family points away from the 
trapped surfaces. I propose to make this distinction general. 

Definition: for any stably casual spacetime (M,g), let CT be a 
marginally trapped surface such that êT is part of the boundary of 
a continuous set 7 of acausally related trapped surfaces, and 
iLavf"” < 0, 27.08" = 0. If the family of null geodesics defined by 
the form ; Xa» point in the direction of the trapped surfaces T, then 
any element of 7 together with any trapped surface constructed 
by continuously deforming an element of 7 so that each element 
of the deformation is a trapped surface and is acausal with respect 
to all elements of 7, will be called a non-cosmological trapped 
surface. Trapped surfaces in (M,g) which cannot be generated by 
the above procedure will be considered cosmological. 

Recall (ref. 1, p 315) that a black hole is defined in an 
asymptotically flat spacetime (M,g) to be set M-J“ U+) 
= B. It is known that this set contains all trapped surfaces (ref. 1, 








p 311), and that its boundary is generated by the boundary 
generators of TIPs. It can be shown that if B arises to the future of 
a Cauchy surface and approaches a Kerr-Newman black hole 
limit, then the new definition is equivalent to the old. The details 
of this result will be published elsewhere. 

John Wheeler is the most ardent proponent of the one-cycle 
closed universe’. I shall make his conception of cosmology precise 
by defining a Wheeler Universe to be a globally hyperbolic 
spacetime which is closed in space (the Cauchy surfaces are 
compact), and closed in time (all inextendible null geodesics are 
past and future incomplete and d(M,M) is finite). It is generally 
believed* that in the physically realistic case, an incomplete causal 
geodesic terminates in a singularity which destroys everything 
which enters it. This type of singularity I have termed? a ‘strong 
curvature singularity’—-more precisely, a point p on the b- 
boundary is said to be such a singularity if for every causal 
geodesic A(t) which intersects p, all linearly independent vorticity- 
free Jacobi fields along A(t) which are normal to the tangent vector 
of A(t) define a volume (or area) element which vanishes as å 
approaches p. 

Thus it is expected that a physically realistic closed universe 
would be a Wheeler universe which begins and ends in strong 
curvature singularities. I will now show that black holes in 
physically realistic closed universes can violate the black hole area 
theorem. 

Theorem: let (M,g) be a Wheeler universe for which all points 
on the b-boundary are strong curvature singularities. Let B be a 
black hole such that the null geodesic generators of GB all have a 
past endpoint at the same point p e M. If the null convergence 
condition holds, then B does not satisfy the black hole area 
theorem. 

Proof: there exists a Cauchy surface S, with p < S, and J* (p) 
Nn Sı compact. Since all generators of êB intersect p, and since CB 
and J* (p) are both closed and without boundary, we must have 
€B=J* (p). Hence GB S, is compact. The divergence @ of the 
null geodesic generators of CB varies continuously on 0B n Si. 
Furthermore, since B is achronal, 0 can have the value — œ only 
at the point p on any generator y. Now @ satisfies the same 
equation as the expansion of the area defined by the vorticity-free 
linearly independent Jacobi fields along y. Hence 0 approaches 
~ x as the future limit of the affine parameter is approached, 
since y terminates in a strong curvature singularity and the area 
defined by linearly independent Jacobi fields vanishes if and only 
if 0 approaches — æ (ref. 1, p 100). Since the null convergence 
condition holds, once @ becomes negative, it remains negative for 
the remainder of y's future history. Since (M.g) is globally hyper- 
bolic, M=Sx R'; we can foliate M with Cauchy surfaces 
S(t), and we can choose S, = S(t,). By an argument similar to 
that of proposition 7.24 of ref. 6, the point on êB at which 0 of a 
geodesic generator first becomes negative varies continuously 
with the generator y. Let f, be the affine parameter distance to the 
future of CB ^ S, along a generator y(1) at which 8 first becomes 
negative, with fg = 0 if O is negative at GAN S,. tọ is thus a 
continuous function on the compact set CBN S,, and so it achieves 
its upper bound. Hence there is a Cauchy surface S(t) to the 
future of S(t,) for which @ is negative along every null geodesic 
generator of CBat every pointin ëB N J* (S(t2)). Thus the cross- 
sectional area of 6B decreases, and this contradicts the black hole 
area theorem, which says the area never decreases. 

A spherically symmetric black hole which forms by gravi- 
tational collapse in a closed Friedmann universe would satisfy the 
conditions of the above theorem if the matter tensor were chosen 
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so that the global hyperbolicity requirement and the b-boundary 
condition were obeyed “*. 

Many authors (for example, ref. 9) have discussed the con- 
nection between Time's Arrow and black holes. The general 
consensus seems to be that one obtains a preferred direction of 
time only in those universes for which the initial conditions allow 
more black holes than white holes, If this connection between 
entropy increase and black holes is correct, then it is possible to 
use the new concept of black hole to define the direction of time 
geometrically—-no reference to the behaviour of matter is made. 

Definition: let (Mg) be a stably causal spacetime. The future 
time direction of (Mg) will be the direction of time for which the 
volume (in the metric g) of the region generated by all non- 
cosmological trapped surfaces ts greatest. 

This definition assumes, of course, that the volume occupied by 
the black holes is finite at least in one time direction, This is clearly 
true in Wheeler universes which begin and end in strong curvature 
singularities, for in this case the total volume of spacetime ts finite. 
The relationship between the above geometrical time direction 
and the directions of time as defined by other, non-gravitational, 
physical processes will be discussed elsewhere. 

This work was supported by NSF grant no. MCS-76-21525, 
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Detection of H,O emission 
from galaxy NGC253 


THE 6-5 transition of water vapour at 22.235 GHz was 
observed for the first time in an external galaxy by 
Churchwell er a/.' in M33 with the 100-m Effelsberg radio 
telescope in late 1976, after some previous unsuccessful 
searches’’*. We report here the second detection of H:O 
emission from an external galaxy, NGC253, a large edge-on 
spiral galaxy situated at 3.4 Mpc (ref. 4), about five times 
farther away than M33. Previous observations of other 
molecules pointed NGC253 as a good candidate for H:O 
emission: OH was detected by Weliachew® and confirmed 
by other workers”; CO was detected by Rickard et al.’ 
and by Soloman and Zafra’, and HeCO was detected by 
Gardner and Whiteoak’’. The time schedule of the 13.7-m 
Itapetinga radio telescope during 1977 May permitted a 
very long integration to be performed on this object, 
which is observable more than seven hours a day at 
elevation angles greater than 30°. The observations were 
made with a double sideband balanced mixer receiver of 
about 1,000 K system temperature and a 46 channel, 
100 kHz resolution filter bank. Beam switching at a 
frequency of about 100 Hz was used, the main beam and 
then the 9’ reference beam being pointed at the nucleus 
of NGC253 for alternate intervals of I min. The sign of 
the recorded signal was changed every minute by the 
data acquisition computer, so that possible zero-level 
offsets of the channels were eliminated. One-hour integra- 
tions were made with the filter bank centred alternatively 
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Fig. 1 The H:O (6,.-5,,) spectrum of NGC253. The error bars 

are equal to twice the standard error of the mean obtained for 

each channel. The continuum flux of the nucleus of NGC253 has 

already been removed from the spectrum obtained from 
observations. 


at three different frequencies in order to obtain greater 
velocity coverage, until a total on-source integration time 
of 21h was completed at each frequency band. The data 
analysis program corrected the antenna temperatures for 
atmospheric attenuation as a function of zenith angle 
exp (7 sec z) and then investigated the distribution of 
the results of the one-hour observations for each channel, 
giving the standard error of the mean and rejecting data 
more than 30 different from average values; the channels 
were subsequently averaged two by two, simulating a 
200 kHz resolution system. 

The H:O spectrum of NGC253 is presented in Fig. 1, 
with error bars representing twice the standard error of 
the mean. An emission feature of 5.21.2 Jy appears at 
v= 233km s`, this is possibly associated with the same 
emitting region which produces the 1667 MHz OH 
emission observed by Gardner and Whiteoak at 239 km s” 
(246 kms”! heliocentric) as such small velocity differences 
between OH and HO peaks are common in the sources 
of our galaxy, while the total velocity range due to 
rotation in NGC253 is larger than 200 km s`. We have no 
precise information on the position of the H:O source 
since the 4° beam is an important fraction of the 23’x5’ 
galaxy. The intrinsic power of the H:O emission at 
233km s` is about three times greater than that of W49, 
the strongest H:O source of our galaxy, during its maxima. 
The H-O emission is, however, not so anomalous as the 
OH emission, as Gardner and Whiteoak estimated for 
the OH emission at 239kms™` an output power about 
two orders of magnitude greater than that of the most 
powerful Class I OH sources. 

We thank E. Scalise, Jr and A. M. G. Balboa for help 
during observations and P. Kaufmann for useful 
discussions. 
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Detection of intergalactic 
gas in distant, rich clusters 


WE have detected a reduction in intensity or ‘cooling’ of the 
cosmic microwave background as this radiation passes through 
several rich clusters of galaxies. These observations imply the 
presence of substantial quantities of hot intergalactic gas in the 
clusters observed. The ‘cooling’ effect, due to inverse Compton 
scattering of the microwave photons by hot intergalactic gas in 
the clusters, was predicted earlier by Sunyaev and Zel'dovich', 
The fractional change in the intensity of the microwave back- 
ground ts given by 
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where x is related to the observing frequency by x = Av/kT,, with 
T, the temperature of the microwave background, taken to be 
2.7 K; qis the total optical depth for Thomson scattering through 
a cluster; and m, and T, are the electron mass and electron 
temperature of the hot gas. Gull and Northover?, observing at 
4 = 3 cm, have recently reported evidence for this effect in several 
clusters. We have tried to confirm their work at somewhat higher 
sensitivity, and at a shorter wavelength. A shorter wavelength was 
chosen to lessen interference and confusion by radio sources in or 
near the clusters observed. Our results on eight clusters which are 
Uhuru X-ray sources will be reported elsewhere’. In general, we 
were able to set 26 limits of < 4x 10°4K on the reduction in 
temperature of the cosmic background: in some cases these limits 
lie below the results reported by Gull and Northover. We do see 
Statistically significant evidence for the ‘cooling’ effect in three 
clusters, however-—-all of which are in Abell? richness class 4. In 
the case of one of the three, Abell 2218, our results confirm the 
measurement of AT = ~1.94+0.54mK by Gull and Nor- 
thover’. Here we call attention to the apparent strong correlation 
between the richness class and the detectability of the inverse 
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Table 1 Richness class 4 clusters observed. The measured changes in 
temperature, with their associated standard deviations of the mean, are 
given. The approximate values of the proton density in the clusters are 
derived under the assumptions listed in the text. 
St ei OS ie E 


Inferred Ng 


Abell cluster 1950 b1950 (ATmK) (10°43 em™%) 
1689 13h08m58s 01° 06.5"  ~ 1.06 +0.46 S42 
2125 [5h40m26s + 66° 28.8" ~—3.10+0.34 r4+.$ 
2218 i6h35m43s + 66° 19.5°  ~2.65+0.23 bo 
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Compton ‘cooling’. These results may be of interest to those 
constructing models for the intergalactic plasma in clusters®-!!, 
especially when the results are combined with the more sensitive 
X-ray observations we can expect if the new HEAO satellites are 
successful. 

Our measurements were made at A = 9 mm at the Cassegrain 
focus of the 1l-m NRAO# telescope in Tucson, Arizona, during 
excellent weather in April 1977. The National Radio Astronomy 
Observatory is operated by Associated Universities, Inc., under 
contract with the NSF.) At the time we used them, the dual 
receivers had system temperatures of ~ 560 K (double sideband), 
with Av = 10° Hz. The telescope beam was 3.6’ full width at half- 
power; we employed beam switching in azimuth with a beam 
throw of 9.0, 

Three richness class 4 clusters were observed for periods of 
5-9 h; ‘cooling’ of the microwave background was detected in all 
of them. The observed changes in temperature and the associated 
standard deviations of the means are shown in Table |. All data 
were weighted equally in forming these means. The values shown 
in Table I have been corrected for atmospheric extinction, and for 
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aperture and beam efficiency’, using a figure of 40%. We note that 
each of these values of AT is larger in magnitude than any AT 
measured for nearby, but less rich, clusters such as Coma or Abell 
576. 

Four corrections to the tabulated results are necessary before 
they can be used to draw inferences about the amount and 
distribution of ionised matter in these clusters. First, the observed 
AT values are expressed in antenna temperature, and must be 
converted to differences in thermodynamic temperature for com- 
parison with the 2.7K background. The correction factor is 
1,027. This reduction in the sensitivity of the results is more than 
off-set by an increase in the magnitude of the function of x in 
equation (1). With these two corrections applied, we find 


AT, 

[ats dt = —~QO.ISAT 
me” 

D 


Next, the antenna pattern must be convolved with the surface 
brightness distribution of the source. The latter. of course, 1S 
model dependent. If we adopt, for instance, the adiabatic model 
of Sarazin and Baheall*, with 7, = 10° K, Ho = SSkms”™! per 
Mpc, and a cluster core radius of 0.25 Mpc, we find the values of 
the average proton number density given in Table 1. Fourth and 
finally, a correction should be made for the finite separation of 
our beams (9.0') compared to the cluster radii. For the Sarazin 
and Bahcall models, however, this correction can be neglected for 
these distant clusters. 

The large size of the microwave effect and the inferred values of 
No Suggest that these clusters should be luminous X-ray sources'!, 
That they are not included in the 4U catalogue is no doubt due to 
their distance: all are Abell distance class 6. Our results do 
Suggest, however, that these rich clusters-—-despite their 
distance should be readily detected by the next generation of X- 
ray satellites, and that they may prove to be among the most 
luminous X-ray clusters. 
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Radio polarisation of 
quasars with optical absorption spectra 


CONWAY and Gilbert! have noted that the mean linear polaris- 
ation at wavelength 449cm of highly redshifted quasars is 
significantly less for those with optical absorption lines compared 
with those with none. They suggested that the cause was Faraday 
depolarisation in the same regions responsible for the absorption 
lines. Gardner and Whiteoak? pointed out similar differences 
between the two quasar types at 4/ 11 cm and 6 cm. They regarded 
lower intrinsic polarisation of absorption-line quasars as a more 
likely explanation. Both findings were based on extremely small 
statistical samples. Subsequently much more data have become 
available at both optical and radio wavelengths. The significance 
of absorption-line quasars has also been enhanced. We therefore 
undertook a study using today’s greater set of data. 
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Table I Linear Polarisation of quasars, all Zom values 
Received wavelength (cm) 
3.7 6 li 31 49 
, i 2 1 
oe Maa 2 8°, 3 ue 22%, o% L1% 
lines | Mean 4.55 40.99% 5.304 1.21% 3.814075% 2.11 +0.49% 1.224026% 
[ Number 110 > 187 117 89 
All < Median 2.6% 3.1 2.7% 1.5% 0.9% 
L Mean 3,01 +0.2 22% 3. 8740) 27% 3.1740. 16% 2 0440. “16% 1.49 +0. "15% 
Difference — 154+], or, — 1.434 1.24% — Ô, 640. 777 — 0,07 4+0. 5287 0.27 +0.30% 
No Equivale | Number 160 . 16 260 16 18 
Absorption ae 4 Median 1.6%; 4.0% 2.7% 1.7% 12% 
tines NUMOS — | Mean 2.40 40.559% 4.42 40.67% 3.28 +0.37% 1.91 +0.35% 1.43 +0.31% 
Difference ee ee oe RA ~Q8S +1389 ~0.5340.84% — 0.20 +0. 60°. 0.21 +0. 40°. 
ee Number 20 I8 24 19 iD. 
zie i) Median 3.2% 4.6%; 2.6% 1.0% 0.9% 
nem VANES L Mean 3.17 £0.59% 4.54 40.77% 3.15 40.45% 1.80 +0.41% 1.05 +0.25% 
Difference — 138+ L. 15 E 76 +1 43°. — 0.66 +.0.87%, — 0.31 +0. 64°. — 0.17 +0.36% 
Table 2 Linear polarisation of quasars, Zem > 1.25 
Received wavelength (cm) 
3,7 6 H 3] 49 
‘Number 16 1 18 12 n, 
Absorption lines Medtan 23 3.4e 1.9% 1.9% 1.1% 
p Mean 4.254 114% 5 444 I 60°. 3.5240.85% 1.62 40.38% 0.95 +6 27% 
Number 37 57 30 7 
No absorption lines Median 2.85 3 We 23% Lely 0.9% 
Mean 3,03 40.39 4.2940. 579 3.0140. "29% 2.01 40. "299 1.3540, "33% 
Difference — 1.22 + 1.20% ~i 1541. 70°. — 0.5} +0,90% 0.39 +0,48% 0.40 +0. 43°, 





Measurements of linear polarisation at various radio wav- 
elengths were taken from refs 3-10. Where several measurements 
existed for a given source at one wavelength, an average value was 
used. To be considered a quasar, a source had to be in the 
catalogue of Burbidge er al? t, which also served as a reference for 
redshifts, 

We calculated the mean and the median linear polarisation for 
various types of quasars at wavelengths 44 3.7, 6, 11, 31, and 49 
cm. Results are summarised in Tables | and 2. Table I includes all 
quasars regardless of redshift: Table 2 only those with Zem > 1.25, 
the redshift criterion of the earlier studies? 4, The basic division is 
between those quasars having, and those not having, absorption 
lines. In Table | only, the latter are subdivided into three groups: 


(1) all quasars with non-absorption spectra: (2) the first 26 of 


them. in order of right ascension, constituting a sample compara- 
ble in size to that for the absorption-line quasars; and (3) a set 
consisting of quasars selected by emission redshift to match the 
emission redshift of an absorption-line mate. (The absorption- 
line quasars OQ172 and OH471. both with Ze» > 3, could not be 
matched better than | A Zon AUS) 

In no case do we find a difference in mean linear polarisation 
between absorption and non-absorption quasars as large as two 
standard deviations. Only at 43.7cm do we find differences in 
means even slightly larger than their associated errors, and these 
usually in the sense that absorption-line quasars have higher 
mean polarisations. We conclude that the linear polarisation 
properties of quasars having absorption lines are indistinguish- 
able from those not having absorption lines. 

This work was supported by the US NSF (grant MPS73- 
04677). We thank Joe Spector for assistance in collecting the data. 
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Saturn-like ring system around Uranus 


OBSERVATIONS made at Kavalur'* of the occultation of 
SAO158687 by Uranus on 10 March 1977 showed, in addition to 
the occultation by a satellite system termed the ¢ ring, a dimming 
of the light of the star close to the time when the atmosphere of the 
planet could have caused the phenomenon. Since then, the 
identities of the x, 2, y, 6 rings have also become well established, 
and a theoretical interpretation of their origin? has been pro- 
posed. We have closely examined the Kavalur photoelectric 
record and describe here several new features of the satellite ring 
system of Uranus. 

Our analysis consisted of scaling the photoelectric record at 
close intervals to study the variation in intensity. The experimen- 
tal details have been described elsewhere. After careful exam- 
ination we have also picked out many large spikes not reported 
previously which show the nature of distribution of the occulting 
material in the vicinity of the planet. The scaling interval is 3 s, an 
order of magnitude greater than the time resolution of the 
recording system. After correcting for atmospheric extinction and 
a small linear drift in the recording system, the scaled values were 
grouped together to give a moving average over a time interval of 
15 s. Figure | shows these values over the entire recording period, 

a striking feature is the significant reduction of light of the star 
ate the intervals 2014 to 2031, 2032 to 2041, 204? to 2055 and 
2057 to 2106 UT. We term these zones A, B, C and D respectively. 
An additional zone of light loss occurs during 2108 to 2120 UT. 

We interpret these zones A, B, C, D as caused by occulting 
material distributed in an extended region around the planet. 
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Fig. 1 Observed light variations at Kavalur of SAO 158687 during 2000-2130 ur 10 March 1977. At the top the locations in the time coordinate 
where the £, ò, y. f and x rings intercept are indicated. A second row of indices numbered | to 19 are new spikes of short duration that we have 
identified on our record. The open and filled circles associated with these represent the degree of certainty in the identification of these spikes; the 
filled circles denote spike amplitudes that have a confidence level greater than 99.5%. while the open circles indicate visible spikes that are less certain, 


Sharp discontinuities segregate these zones. A model for such a 
distribution of material is shown in Fig. 2 with extended ring 
systems A, B, C, D, similar to the-ring system one sees in Saturn, 
Besides the occultation path, the z. f, y. 6, e ring condensations, 
the gaps in the particle distribution in the rings that appear as 
discontinuities, and the spike locations defining the new ring 
condensations that are listed in Table 1 are also marked. The 
distances are tentative and are on the measured basis of almanac 
positions of Uranus together with corrections for the relative 
positions of Uranus and SAO1 58687 according to Franz, Wasser- 


Fig.2 Diagrammatic representation of the Saturn-like ring system 
around Uranus. Dotted line indicates the lower boundary of the D 
ring. 
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man and Seidelmann*. There is also the possibility of an in- 
clination of the plane of the ring system to that of the equatorial 
plane of Uranus. 

The C and D rings cause the light diminution reported 
earlier! *. The D-ring effects are maximum at 2102 UT, This ring is 
separated from the C ring by a wide gap of ~ 2.000 km. The two 
occasions when the light of the star encounters this gap are 2056 
and 2107 UT. On the first intercept there is a near-restoration in 
brightness. The second event at 2107 UT is less striking. The lower 
boundary of the D ring is unspecified; Fig. 2 shows that it could 
extend nearer the planetary limb. There is considerable fine 
structure in both the C and D rings, as over the entire light curve 
of Fig. 1, portraying the light variations of the entire ring system. 

Rings B and A are further away from the planet. The starlight 
encountered the opacity of the B ring material between 2032 and 
2041 in the pre-occultation phase and again after 2122 uT, The B 
ring is well defined in Fig. 1, by a light loss of almost five 
hundredths of a magnitude. Our observations end when the light 
of the star is still affected by this ring on the post-occultation side. 
But the trend towards a reduction in intensity of starlight is clear 
from the light curve and substantiates our interpretation. We also 
note the discontinuity at 2041 and 2122 UT as caused by the gap 
between the B and the C rings. The light of SAO158687 shone 
through the A ring earlier than 2031 UT. The A-B gap is short at 
this epoch. The outer boundary of the A ring is poorly defined. 
partly because of lack of continuous record and partly because of 
the low altitude of Uranus at that time. Ring A contains the ring- 
condensations «, f. y. 6 and £. There is obscuring material even 
beyond the boundary we have assigned to ring A as evidenced by 
the spike labelled | in Table 1. 

The ring-condensations shown by the spikes on the record are 
distributed over the three outer rings A, B, C. We present in Table 
| the observed times of 19 such events together with their 
confidence levels. In the neighbourhood of each spike over an 80-s 
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interval of the record, we have evaluated the amplitudes of both 
positive and negative spikes that constitute the random noise. 
Assuming that this is gaussian we calculate the spike amplitude in 
terms of the standard deviation and read off from tables the 
confidence level for the spikes being of non-atmospheric origin. In 
Figs | and 2 we have listed only those spikes that are easily seen on 
the tracing; the lowest level of confidence of those in Table l is 
O79. 

These ring-condensations seem to vary in opacity along the ring 
plane. As examples, we cite the spike numbers 5 and 6 which 
coincide with events 4 and 5 reported by Millis, Wasserman and 
Birch*. Both of these events have very high confidence levels of 
99.67 and 99.99%, respectively on the Lowell records. (We 
determined this value from samples of Lowell tracing provided by 
Wasserman.) On the other hand, these events, on our records, 





Table 1 Confidence levels for spike events 
Confidence 
level (%) 


Confidence 


Event no. Event no. level (°.) 


i 99.8 l] 99.8 
2 99.8 12 99,8 
3 99.6 13 99.5 
4 99.9 i4 99.0 
5 98.8 I5 99.0 
6 99.6 16 98.9 
7 99.0 17 97,9 
8 99,5 I8 98.1 
9 99.5 19 997 
10 99.9 





have confidence levels of 98.8 and 99.6%; respectively. In fact we 
record spikes of higher probability of occurrence than event 5 of 
Millis e: al. The inference is, therefore, that longitudinal vari- 
ations of opacity in the plane of the ring-condensations exist. 

An exception seems to be the relatively wide ring-condensation 
termed z. In Fig. 3 we give a light curve of occultation by this ring 


505 


Intensity (°,) 





S SOs 55s 
Time (UT20h l9min-+) 


Fig.3 Intensity variations caused by the e ring. 


from closely spaced measures of the photoelectric tracing every 
quarter of a second. Note that there is much fine structure in the 
variation of transparency that may be due to resonances as- 
sociated with Titania and Oberon as postulated by Dermott and 
Gold®. Also of note is the close agreement between the light curve 
of the ring found by Millis ez a/.> and by us, even though the 
intercepts with the ring are made at locations several thousand 
kilometres apart. 

Table 2 summarises the above discussion of an extended ring 
system about Uranus, similar to that of Saturn. By dividing the 
Table into the pre- and post-occultation phases and locating 
events by time, we avoid the uncertainties of values of distance. If 
most of these particles are small and abundant enough to have 
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Table2 The extended ring system of Uranus 





Time of Crossing 


Ring feature Pre- 
occultation 
ih min s) 
Outer boundary 20 14 
éring-condensation 20 19 5] 
ê ring-condensation 20) 24 41 
A yring-condensation 20 25 4l 
f ring-condensation 20 28 40 
a ring-condensation 20 30 HI 
Inner boundary 20 31 
Outer boundary 20-32 
B 
Inner boundary 20 4) 
Outer boundary 20 42 
C 
Inner boundary 20 55 
D Outer boundary a0 37 


Post- Pre- Post- 
occultation occultation occultation 
Spike Time Spike Time 
no. (h min s) no. ih min s) 
| 20 03 28 
2 20 14 37 
3 20 15 10 
4 20 26 21 
Gap A-B 
5 20 33 40 
6 20 34 0% 
7 20 34 47 19 21 27 37 
8 20 35 15 I8 21 25 08 
9 20 35 48 17 21 23 12 
21 22 
Gap B-C 
21 20 10 20 48 06 
20 48 5f 16 21 16 58 
? 00 52 $2 15 21 10 40 
13 20 54 53 fs 21 O8 45 
21 08 = 
Gap C-D 
¢ 
21 06 
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caused these opacity effects, their albedo, assuming them to be 
similar in constitution to those in Saturn’s rings, should make the 
presence of the extended ring system observable. 
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Why is a minor planet minor? 


ALL planets and satellites are generally believed to have 
formed oy accretion of small bodies. The craters on the 
Moon, Mercury and Mars give clear evidence that the accre- 
tion of small bodies was of major importance, at least during 
the last phase of their formation. It is very likely that 
collision and fragmentation of planetesimals played a key 
part in the accretionary stage of planets. As suggested by 
Hartung’, accumulation and fragmentation of planetesimals 
may have competed in the planetary accretion process, and 
a planetesimal which could survive catastrophic destruction 
may have become a planet. On the basis of the accretion 
model of planet formation, we propose a new idea in which 
we explain why minor planets are ‘minor’ and could not 
grow to a full-size planet. These results also substantiate 
Orowan’s’ idea that terrestrial planets accreted inhomo- 
geneously, with iron being the first to accumulate and 
silicates the second. 

Modes of fragmentation and accumulation of planetesi- 
mals during a collision depend on material property, impact 
velocity, and relative size of the impacting planetesimals. 
To simplify the discussion we consider only a mass ratio 
of projectile: target of 10°. If the target is the largest 
planetesimal in the system and the size distribution of the 
planetesimals follow dn x m` dm, then the planetesimals 
larger than the projectile of the above mass ratio comprise 
about 50%, of the total mass. Our numerical simulation of 
planetary accretion’ also indicates that the collision of the 
planetesimals with above projectile : target mass ratio may 
control the evolution of the total planetesimals. 

As a result of collision between two planetesimals, there 
are three possible fates: (1) bouncing, (2) accumulation. 
and (3) fragmentation or net mass loss of the target 
planetesimal. If the collision of two planetesimals is elastic, 
the two planetesimals will rebound from each other and 
the two will not coagulate, when the impact velocity is 
larger than the escape velocity of the target planetesimals. 
If the collision is made at a very large velocity, then the 
two planetesimals are broken into smaller fragments and 
major parts of the fragments may acquire kinetic energy 
large enough to escape from the two-body system. If the 
impact velocity is between the first (elastic) case and the 
second (fragmentation) case, ejecta material at the impact 
does not have a velocity large enough to escape from the 
target and it may eventually accumulate on the target 
planetesimals. Only this case will contribute to the net 
growth of the planetesimal. 

The critical impact velocity subdividing the above three 
cases depends on the material properties of the target and 
projectiles. For instance, if colliding bodies are very plastic. 
they are not easily disrupted but coagulate even at a rather 
high impact velocity. Orowan’ first pointed out the impor- 
tant effect of the plastic (or ductile) property of iron on the 
planetary accretion process. He suggested that iron and 
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nickel are nucleating agents of the inner planets, because 
metallic particles are expected to stick together by ‘cold 
welding’ or ‘hot welding’ more easily than silicates. 

It is important to note here that mechanical properties 
also change significantly with temperature, Iron is no longer 
ductile at temperatures below ~ 200 K, as shown by an 
impact experiment with the Gibeon iron meteorite’, Many 
other metallurgical studies’ also show that most irons 
undergo brittle-ductile transition at temperatures between 
200 and 250K. Therefore iron particles cannot be the 
nucleating agents at temperatures below 200-250 K. We 
propose here that this important factor determines the 
asteroid’s evolution. Silicates become ductile only at a high 
temperature, however (for example, most silicate rocks 
would probably show the brittle-ductile transition at 
T ~ 1,500 K at impact conditions of interest). 

The critical velocity, Va-;, subdividing the accumulation 
regime and fragmentation regime, is estimated as follows. 
According to Gault and Wedekind’ and Fujiwara er al.” a 
kinetic energy of 10’ erg g™' will be enough to completely 
fragment a basaltic body. When the mass ratio of the 
projectile : target is 10°’, the velocity corresponding to the 
above energy is about 0.3 km $~; Vae (silicate) ~ 0.3 kms"'. 
In the case of an iron target at brittle condition, Far is 5 to 
10 times larger than that for a silicate rock, because iron 
has a higher tensile strength and a higher failure (strain) 
limit; both of these being a factor of 2 or 3 higher than 
ordinary silicate rocks. Therefore the critical velocity, Vas 
(iron) may be around 1 kms’! at a brittle (ow temperature) 
condition. On the other hand, at a ductile condition, 
T > 200K for irons, T > 1,500 K for silicate rocks, 


Fig. 1 Temperature and impact velocity conditions for bouncing, 
accumulation and fragmentation of planetesimals. The solid 
lines indicate boundaries for silicate material. The broken lines 
indicate boundaries for iron planetesimals. The symbols are 
for Mercury, Venus, Earth, Mars and Minor planets and show 
the estimated temperatures and mean impact velocities of 
planetesimals in each proto-planetary particulate ring. The scale 
of size corresponding to the escape velocity (= the mean impact 


velocity here) is shown. a, Stone rebound: b, stone accrete 
c, stone disrupt; d, metal rebound, e metal accrete; f, meta! 
disrupt. 
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these materials are tougher than at a brittle condition, be- 
cause most of the impact energy is absorbed for the plastic 
deformation of the material, Correspondingly, the critical 
velocity Var at a ductile condition may become substantially 
higher than the above estimates. We expect, therefore, the 
boundaries dividing the accumulation and fragmentation 
regimes to be like those shown in Fig. 1. 

The critical velocity, Vsa, subdividing the bouncing and 
accumulation regimes is the minimum impact velocity which 
generates a stress higher than the elastic (tensile) limit, 
T., of the material. A simple calculation yields the following 
values: assuming e (silicate) = O.S kb, and oe (iron) = 
Skb, Kea (silicate) ~ O.OS5Skms', and Vra Gron) ~ 0.2 
kms’. These estimates are consistent with impact experi- 
ments by Hartmann’ for silicate rocks. The critical velocity 
Via also changes with temperature, because the strength of 
the material changes with the temperature. The velocity 1s 
expected to become smaller as the temperature increases. 

Thus we obtain a map of the bouncing accumulation, 
and fragmentation regimes as a function of temperature and 
impact velocity, shown in Fig. 1. We stress that Fig. 1 is 
only schematic, because the exact position of the boundaries 
might be affected by the shape, impact angles and other 
properties of the colliding planetesimals. 

In Fig. 1, silicate planetesimals can grow only in the 
region 6, and iron planetesimals in region e. Therefore, 
only the area superposed by both the regions b and e 
satisfies the condition for both iron and silicate planetesi- 
mals to grow. In other regions only one component of them 
(either iron or silicate) or neither of them, can grow. 

The next problem is to estimate femperatures and mean 
impact velocities for planetesimals in a proto-planetary 
particulate disk. According to Lewis’, the bulk compositions 
of Mercury, Venus, Earth, Mars and the asteroids Ceres and 
Vesta are dominated by materials formed in the condensa- 
tion temperatures around 1,400 K, 900 K, 600 K, 450 K and 
250 K respectively. These temperatures may give upper 
bounds of planetesimal temperatures in each planet zone. 
Lower bounds on the planetesimal temperatures are pro- 
bably given by the radiative-equilibrium temperature at the 
present planet positions. These are 480K, 350 K, 300K, 
240K and 180K, for Mercury, Venus, Mars and the 
asteroids respectively. We tentatively assume that the temp- 
erature of plantesimals during the accretion—collision stage 
lies between these two limits. 

It is also very difficult to estimate the impact velocities. 
If there are no dense gases in the terrestrial planet’s region 
at the time of accretion, the planetisimal may acquire a 
relatively high velocity due to the distant and/or close 
encounters of other planetesimals. The mean relative 
velocity of planetesimals may be approximated by V’ = 
(e°+F) vk’, where e, i and vs are eccentricity, inclination 
and Kepler orbital velocity of each planet. If we take the 
mean eccentricity and inclination of the terrestrial planets 
(e = 0.08 and i = 0.0), the mean velocity of planetesimals 
in the terrestrial planet region becomes higher than 1 km s™. 

The temperatures and the mean impact velocities esti- 
mated above are plotted in Fig. 1. As seen, almost all the 
data points lie in the region (c+e), where only iron-like 
materials can coagulate. This observation supports Orowan’s 
idea that iron-like material is the nucleating agent in the 
terrestrial planets. Silicates could probably not accumulate 
until the iron-nucleus grew to about 1,000 km in radius. 
This result gives another dynamical mechanism for hetero- 
geneous accretion of planets. 

Figure | indicates that asteroids are in a marginal posi- 
tion; the asteroid condition may fall in region f. This 
indicates that iron-like planetesimals in the asteroid zone 
had difficulty in growing due to their brittleness at low 
temperature, so that iron could not be a nucleating agent 
in the asteroid zone. Probably the iron-like material could 
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not grow at all or would grow too slowly to become large 
enough to form a planetary nucleus. The small iron planete- 
simal also fails to capture enough silicate material for a 
full-size planet. Thus, it is very likely that the low tem- 
perature condition of the asteroids hampered their growth 
into iron-like planetesimals, which in turn inhibited the 
accumulation of silicate planetesimals. In conclusion, we 
propose that the brittleness of iron at temperatures below 
200-250 K is the primary reason why minor planets are 
minor, and why minor planets could not grow to full-size 
planets. 

We thank Drs J. W. Minear and F. Horz for helpful 
comments. T.M. is a visiting scientist at the Lunar Science 
Institute, which is operated by the Universities Space 
Research Association under Contract No. NSR 09-051-001 
with NASA. 
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Kimberlites and 
plate-tectonics in West Africa 


MESOZOIC kimberlites in West Africa are the source of most of the 
alluvial deposits of diamond which bolster the economies of Sierra 
Leone, Guinea, Liberia, Ivory Coast and Ghana. Difficulties 
encountered in the interpretation of geophysical, geochemical and 
mineralogical prospecting methods led to a structural m- 
vestigation into the distribution and tectonic controls of kimberlite 
magmatism in eastern Sierra Leone. Here we attempt to show a 
correlation between the continental continuations of transform 
fault fracture zones and kimberlite magmatism in West Africa. 
Areas of mchly diamondiferous alluvial deposits, unabraded 
picro-ilmenite and pyrope occurrences and outcrops of kimberlite 
pipes and dykes indicate a broad east-north-east swathe of 
kimberlitic activity cutting through West Africa from Sierra Leone 
to northern Ghana! +, Figure | shows that Mesozoic kimberhite 
fields within this zone of activity are frequently centred near well 


and western Ivory Coast. In Sierra Leone, east-north-east trending 
kimberlite dykes cut across Archaean north-south and south-east 
trending structures, but parallel local east-north-east fractures 
confined between major north-south regional faults. Only in the 
coastal strip of Sierra Leone and Liberia are regional scale 
east-north-east structures apparent; elsewhere, they are short, 
disconnected structures of only local importance. 

The Atlantic Ocean floor ts cut by still active transform fault 
fracture zones which are orientated along east~north-east direc- 
tions where they intersect with the coastline’. Two such fracture 
zones intersect the Sierra Leone coastline; the Guigea Fracture 
Zone and the Sierra Leone Fracture Zone. When traced inland 
their hypothetical continuations are the loci of kimberlitic in- 
trusions, but are not major structures as in Nigeria’, being subtly 
incorporated into the regional structure. The Sterra Leone Frac- 
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Fig. | West Africa, showing locations of kimberlites of probable Mesozoic age. (k); oceanic fracture zones (FZ) and their hypothetical continental 
continuations. 


ture Zone may be traced 150 km inland as the fault-controlled 
estuary and course of the Sewa River, while the Guinea Fracture 
Zone meets the coastline at Freetown, and is recognisable as a 
major fault-controlled estuary along which two layered basic 
intrusions are developed”. 

Mesozoic kimberlitic activity occurs elsewhere in West Africa, 
in northern Guinea and in Nigeria’. In Nigeria, kimberlite is 
found, asin Sierra Leone, close to the continental continuation ofa 
major fracture zone, the Chain. In Mali*, the close association of 
kimberlites and Mesozoic basalts suggests a Mesozoic age for the 
former. In northern Guinea and Mali, the kimberlites lie on the 
hypothetical continental continuation of the Vema Fracture Zone. 
Similar relationships between magmatism and oceanic fracture 
zones were proposed by Marsh”. He supported the hypothesis that 
the continental expressions of the fracture zones were small circles 
about the pole of rotation of seafloor spreading. In West Africa, 
the pre-80 Myr spreading took place about a pole situated at 
21.5°N, 14° W (ref. 10), At the time kimberlites were being intruded 
into the crust, the pole of rotation for the Africa~America 
spreading system was moving north towards its present position!?. 
During pole migration the fracture zones and their continental 
expressions became activated, perhaps allowing increased pen- 
etration of kimberlitic magma into the crust. The absence of 
kimberlites along hypothetical continental extensions of fracture 
zones such as the St Pauls and Romanche may be due simply to the 
lack of kimberlitic magma along these structures, or to insufficient 
tectonism to allow its upward movement. 

A relationship between kimberlites and structures associated 
with plate-tectonics is suggested in West Africa, and confirms a 
hypothesis based on south-west African data”, 

This work was supported by the Diamond Corporation of West 
Africa and the National Diamond Mining Company of Sierra 
Leone. 
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Laminar-turbulent 
transition in polymer solutions 


WHETHER transition from laminar to turbulent flow is 
delayed in dilute drag-reducing polymer solutions, un- 
changed, or occurs at an earlier Reynold’s number has been 
a vexing question since research began in this area. Using 
the classic Reynold’s dye-streak technique, Giles and Pettit’ 
showed that pipe-flow turbulence was delayed by a factor 
of 2 or more by small additions of polymer. Similarly, 
Castro and Squire’ and White and McEligot’ found transi- 
tion delay in small pipes from measurements of pressure 
fluctuations and actual drag-reduction performance, But 
more refined pipe-flow studies by Little er al.’ show con- 
vincing evidence for polymer solution transition earlier than 
for the pure solvent and this has been confirmed by laser- 
Doppler annemometry’. Here we show that polymer solu- 
tions in a boundary-layer flow exhibit a transition to 
turbulence at a lower Reynold’s number than the pure 
water solvent. 

Following the work of Brennen’, an ogival-shaped head 
with an axial length of 34 inches and a base diameter of 
2.34 inches was tested in the Naval Academy free-surface 
water tunnel. The head shape corresponds to a source dis- 
tribution, cut off sharply and supported by a long sting 
through which air was supplied to ventilate the cavity, and 
through which the cavity pressure could also be measured. 
By ventilation, a fully developed cavity could be supported 
at a Reynold’s number (based on ogive length) of 3x 10° 
and a cavitation number, o, of 0.5 where 7=(Pr1—P,)/4p UV’ 
and Py and P, are the tunnel and cavity pressures and U is 
the tunnel velocity (10 fts). The ventilated cavity as seen 
by the eye is shown in Fig. la; the cavity rising with respect 
to the water flow due to its buoyancy. 

When the cavity is illuminated by a stroboscope, or 
photographed using a short-duration flash, the series of 
waves shown in Fig. 14 is readily discernible on the cavity 
in pure-water flow. These waves represent the cavity-flow 
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equivalent to the instabilities in a free shear layer in a 
(one-phase) wake flow and have been studied by Brennen’. 
Note that the flow leaving the ogive surface is laminar, and 
the waves are part of the laminar-—turbulent transition pro- 
cess on the surface of the cavity. 

At the same tunnel velocity and pressures, but with 
25 p.p.m. solution of polyacrylamide (Calgon TRO-375) in- 
stead of water, the laminar zone in the flow leaving the 
ogive has disappeared as shown in Fig. Ic. A similar 
appearance to Fig. le was obtained by roughening the 
surface of the ogive in pure water flow (although we were 
careful to avoid roughening the ogive surface when using 
polymer solution). Thus, we conclude that the presence of 
polymer additives causes an earlier transition to turbulence 
in the boundary layer of the ogive than does the pure-water 
flow. A similar conclusion could be drawn from photo- 
graphs of water and polymer solution jets discharging in 
air’, but the test geometry is not as well defined as in the 
present study. 

At the wall shear rate involved (10‘s~'), the presence of 
the polymer has increased the water viscosity in the tunnel 
by about 40% (as estimated from rheograms for a polymer 
of similar drag-reduction effectiveness’) and thus the Rey- 
nold’s number for the polymer flow has decreased to around 
2x 10°. The effect of the polymer on transition is, hence, 
even more marked than indicated by the photographs. 





Fig. 1 Photographs of ogive head-form in water tunnel. (Flow is 

from right to left.) a, Overall view of body and cavity; b, short- 

duration flash (10 us) showing laminar flow leaving ogive and 

transition to turbulence. Re = 3 x 10°, o = 0.5; c, same tunnel 

velocity and pressures as b but 25 p.p.m. polyacrylamide solution 
instead of pure water, Ry = 2 x 10°, o = 0.5, 
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The demonstration in polymer solution flow of a de- 
stabilising effect on transition, together with the known 
diminishing of turbulence production at higher Reynold’s 
numbers should have an important influence on the develop- 
ment of theoretical explanations of the mechanism of 
rolymer drag reduction. 

J. W. HoyT 
Naval Systems Engineering Department, 
US Naval Academy, 
Annapolis, Maryland 21402 
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Time sharing and body partitioning 
in bat—plant pollination systems 


IN the dry months from January to March in Central America 
there is an abundance of flowering trees and shrubs!~3 and many 
of them are pollinated by bats. When collecting nectar, the bats 
visit various species of plants*~®, and in periods of peak abun- 
dance of flowers they make increasingly frequent visits. With 
flowering apparently synchronised’**, there seems to be a good 
chance that flowers may not always receive conspecific pollen, 
thus reducing their seed set and fitness. The study reported here 
suggests that this chance is minimised because nectar and pollen 
are available at different times on different flower species, and 
because some species deposit and receive pollen at distinct regions 
of the bats’ bodies. 

Interspecific competition among plants sharing common ele- 
ments of the pollinator fauna is seen in entomophilous systems 
when weeds or native plants prove superior to crop plants’’’. The 
disadvantage of being a minority species in such a community 
free-for-all has been shown by Levin and Anderson? given a 
finite number of visits by pollinators, sharing of pollinators by 
plant species might decrease the chances of appropriate polli- 
nation for less numerous species, resulting in lowered seed set and 
eventual elimination from the community. Thus, a hypothetical 
case can be made for mixed species associations becoming 
increasingly oligotypic. But real tropical communities persist in 
polytypy, which shows that plants avoid this dilemma. 

Sympatric insect-pollinated plants with similar phenologies 
seldom interbreed because they: (1) are incompatible; (2) ‘use’ 
relatively specific pollinators; (3) deposit pollen on different parts 
of the pollinator’s body, and (4) present pollen and/or nectar 
rewards at different times!®™!?, I suggest that time sharing and 
body partitioning are ‘escapes’ from competition available to 
some bat-adapted plants. 

The feeding habits of bats have been investigated previously by 
stomach and faecal analysis**®:'!?, and by swabbing the fur with 
an adhesive substance and then examining the swabbed material 
microscopically*:'?. Workers using such pooled pollen analyses 
have interpreted mixed pollen loads to indicate lack of discrimi- 
nation by the bats. For example, Heithaus ez al.* found six species 
of pollen in 42% of 527 loads examined and concluded that: “The 
high proportion of mixed pollen loads ... suggests low flower 
constancy in bats’. But the methods used in all these studies did 
not or could not take into account the distribution of pollen 
temporally or topographically. For plants to have the benefits of 
pollinator specificity, bats need not feed only on one species. 
Effectiveness of pollination would be enhanced if bats confined 
each of their several nightly visits for feeding to a single species, or 
if they visited different species on different nights or at different 
times. 

While working in Costa Rica and British Honduras in March 
1974, 1975 and 1976, I netted bats in several sites between 1930 
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Table 1 Pollen grains from fur of Glossophaga soricina, March 1974 and 1975 
Central farm, British Honduras N = 26 
Time Bauhinia (arge~small) Inga Roupala Ipomoea Calliandra Caryocar Bombacaceae 
1900-2100 1,600 200 
2200-0200 557 10 
0200-0400 1,267 110 12 | 123 
0400-0600 200 2 l 
Santa Rosa, Costa Rica N = 22 
1900-2100 500 220 
2000-0200 913 
0200-0400 870 20 3 640 
0400-0800 300 121 17 2 





and 0530 h. I swabbed pollen from the heads, shoulders, venters 
and rumps of glossophagine bats, making separate slide prepara- 
tions for each anatomical region and noting the times of capture. 
Table | shows that Glossophaga soricina Pallas concentrates on 
Inga (Mimosaceae) early in the evening and switches to Bauhinia 
(Caesalpinaceae) towards dawn. 

The way in which plants may reinforce or entrain such 
behaviour is shown in Fig. 1; nightly nectar flow is timed 
correspondingly. Jnga anthers are ripe between 2000 and 2100 h, 
whereas Bauhinia anthers do not dehisce until the early morning 
(0400-0600 h). This suggests that the availability of pollen is also 
co-adapted with bat schedules. The visual acuity of nectar bats is 
fairly good'*, and the well developed olfactory lobes and vom- 
eronasal organ'*~!” indicate that olfaction plays a large role in 
their orientation. Flower discrimination and concomitant time- 
entrainment should be no more difficult for bats than for bees. As 
Darwin pointed out!®, such constancy affords the pollinator more 
efficient foraging as well as facilitating appropriate pollination. 
Further bat and plant studies in other months or in different sites 
may reveal more of this trend to time partitioning. 

While netting along a transect from Monte Verde, Guanacaste, 
Costa Rica to a point 5 km west, I captured eight female and four 
male Anoura geoffroyi Grey. Two yielded pure Mucuna (Papilio- 
naceae) pollen, probably M. urens, placed ventrally. The other 10 
carried mixed loads, Mucuna on the venter, Crescentia (Bignoni- 
aceae) on the shoulders and mid-dorsum and pure /nga (six bats) 
or mixed /nga and unidentified Bombacaceae (four bats) on the 
face and neck. Essentially the plants were using three different and 
fairly constant pollinators. 

These data do not preclude overlap in pollinator ‘use’ by many 
plants. For example, Alvarez and Gonzalez Quintero’ found 
mixed pollen loads on Glossophaga and Anoura: four or five 
genera were often well represented. Although the methods used 
(stomach and faecal analysis) may have hidden a microtemporal 


Fig.l Nightly nectar flow in two bat-pollinated species. Nectar was 

extracted with a l-cm* syringe and blunt needle. Points for each 

species represent averages of 10 flowers from two trees. @-— @. /nga 
marginata; — —~----, Bauhinia ungulata. 
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structure which could be revealed by further work, it is unlikely 
that all genera found in pooled pollen samples were involved in 
time sharing. 

Another example ts provided by Bauhinia ungulata, Bombac- 
opsis quinata, Ceiba pentandra, Luchea speciosa and Pseudobam- 
bax septenatum, which can bloom synchronously in the same 
site'?. All these bat-adapted species have morphological adap- 
tations to deposit pollen on the head, suggesting that floral 
homologues ‘use’ identical pollinators. As Baker*® indicated, 
taxonomically unrelated flowers may well be able to share a 
pollinator where the supply of that animal is adequate. Only when 
pollinators are scarce would such behaviour on the part of the 
plants become disadvantageous. At such times sympatric species 
which partition pollinators may be able to co-exist more success- 
fully than those that do not?!. Competition resulting from a low 
density of pollinators would then reinforce floral differences or 
promote such differentiation, reinforcing and maintaining com- 
munity polytypy. 

This work was supported by a grant from the National 
Geographic Society. 
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Possible case of aggressive mimicry 
in a neotropical scale-eating fish 


Probolodus heterestomus, one of the scale-eating characoid 
fishes, is found in the coastal rivers of southeastern Brazil 
from Espirito Santo to São Paulo’. The species is usually 
placed in the subfamily Cheirodontinae*™* although a taxo- 
nomic affinity with the Tetragonopterinae has been sug- 
gested’. The latter view was apparently based largely on the 
morphological similarity of Probolodus with some species of 
Astyanax and especially A. fasciatus, a member of the 
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Fig. 1 P. heterostomus (upper) and A. fasciatus (lower) from 
the Rio Paraibuna, Sao Paulo. The colour of both fishes is also 
very similar; actual size of Probolodus 76 mm. 


Tetragonopterinae. The external similarity between the two 
species, which are sympatric over the Rio Paraiba drainage, 
is indeed striking (Fig. 1). But data accumulated from popu- 
lation samples, stomach contents and the behaviour of 
individuals maintained in aquaria suggest that Astyanax is 
the principal prey of Probolodus, at least in certain areas 
of its range. I suggest here that the similarity between these 
two genera is a form of aggressive mimicry’ irrespective 
of taxonomic affinities. 

Thirty-five individuals of P. heterostomus (54-104 mm) 
were caught in the Rio Paraibuna, Sao Paulo (22°23’S, 
45°40’W), on five occasions between May and July 1977. 
The fish were collected by means of casting net, bow-net 
and hook. On the same occasions a general collection of 
other fishes was also made. On all occasions Probolodus 
was caught together with A. fasciatus (total 35 individuals 
compared with 409) which strongly suggests that these two 
species shoal together or at least live in close proximity. 
On three occasions, 24 individuals of the curimatid 
Curimatus gilberti were also caught together with Probo- 
lodus and Astyanax. Other scale-bearing fishes found sym- 
patrically with Probolodus were the erythrinid Hoplias (one 
species); the characids Astyanax (two additional species), 
Hyphessobrycon (one species) and Oligosarcus (one species); 
the anostomid Leporinus (two species), and the cichlids 
Geophagus (one species), Cichlaurus (one species) and the 
introduced Tilapia (one species). For these, no comparable 
numerical data were obtained but they were far less 
numerous than A. fasciatus and only incidentally collected 
together with it and Probolodus. 

With the exception of four individuals which were main- 
tained alive all Probolodus were killed immediately and pre- 
served. These preserved specimens were scored for length 
and their stomach contents were analysed. Relatively un- 
digested scales from 31 stomachs were stained with alizarin 
red and compared with a reference collection of scales from 
the fishes of the general collection (Fig. 2). In this sample 
183 scales were clearly recognised as from Astyanax and 
Curimatus. It was not possible to identify with certainty 
the remaining, more digested scales, but only eight were of 
the ctenoid type (attributable to Tilapia) while all others, 
about 600, were cycloid of the Astyanax and Curimatus 
type. Other food items included plant material and insects. 

The four live fish (64-82 mm) were maintained separately 
in aquaria (50-1601) and used in observations of feeding 
behaviour. In one series of observations two to four indi- 
viduals of Astyanax (36-115 mm) were placed together with 
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each Probolodus, and the groups were observed in sessions 
of 15-40 min for about 40 h. Soon after the introduction of 
Astyanax, Probolodus shoaled with them, and at intervals 
fed on their scales. In the most frequently observed feeding 
Strategy Probolodus followed closely an individual of 
Astyanax, manoeuvred itself obliquely to the rear of the 
victim and struck at its flanks, securing one to a few scales 
on each successful attack. The scales seemed to be 
removed merely by a gaping and closing of the mouth during 
the strike, sometimes accompanied by a quick lateral move- 
ment of the head. The scales were swallowed immediately 
and Probolodus resumed shoaling. During the first day or 
so Astyanax shoaled together with Probolodus and appar- 
ently failed to recognise it as a ‘predator’. Subsequently, 
Astyanax avoided close proximity with Probolodus and, to 
a certain extent, with each other. This latter behaviour is 
perhaps the result of repeated attacks on the same indi- 
viduals in the confinement of the aquarium. In natural 
conditions the possibility of recognising Probolodus as a 
predator would be diminished because attacks would be 
‘diluted’ over a greater number of victims. Fish less than 
half the size of Probolodus individuals, or more than one 
and a half times as large, were unmolested, which suggests 
that prey of more or less the same size as the predator are 
preferred. 

In other observations, two individuals of diverse species 
were introduced separately into the aquarium with a Pro- 
bolodus individual. These species included the cichlid 
Geophagus brasiliensis (60-81 mm), the characid Brycon- 
americus sp. (50-55 mm), the cyprinid Carassius auratus 
(41-53 mm) and the poeciliid Phalloceros caudimaculatus 
(22-32 mm). After initial attacks both Bryconamericus and 
Carassius avoided the close presence of Probolodus, hid and 
needed to be pursued. Only the largest Probolodus (82 mm) 
attacked Geophagus, and to a much lesser extent than the 
other species, while the small Phalloceros went unmolested. 
The latter observation confirms the size preference shown 
previously by Probolodus. In a final series of observations, 
both Astyanax (two individuals) and Geophagus (one indi- 
vidual) were introduced into an aquarium with Probolodus. 


Fig. 2 Number and size of 183 relatively undigested scales from 

stomach analyses of 31 individuals of P. heterostomus. Size 

extremes for each genus may be found in the same individual prey 

and also in the stomach of the same predator. Open columns, 
Astyanax; hatched columns, Curimatus. 
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After 24h Astyanax had suffered much greater scale loss 
than Geophagus. 

Taken together, the accumulated data provide support 
for the hypothesis of aggressive mimicry™" in which 
Astyanax is the prey-model and Probolodus is the predator- 
mimic. First, P. heterostomus and A. fasciatus have a 
striking overall similarity to each other. Aquarium obser- 
vations indicate that Astyanax tolerated Probolodus and 
failed to recognise it as a potential predator, at least until 
repeated scale-biting in the conditions of a small aquarium 
caused a break-down of the shoaling habit. Second, both 
species are sympatric in the Rio Paraibuna (and over the 
Rio Paraiba drainage) and apparently live in mixed shoals 
or in close proximity. The proportion of Probolodus indi- 
viduals to Astyanax in these areas seems to be roughly 
1:10 which again fits the mimicry requirements. Third, 
Probolodus is a specialised scale-eater with a preference for 
prey more or less its own size and which is closely followed 
and struck from the rear. Stomach analyses of individuals 
caught in the Rio Paraibuna show preponderance of 
Astyanax scales. 

A comparable case of mimicry has been reported for the 
African scale-eating cichlid fish Corematodus  shiranus 
which closely resembles and shoals with the cichlid species 
Tilapia squamipinnis’*. In such cases, the mimicry of the 
predator apparently facilitates its predatory success by 
allowing it to maintain close proximity with its potential 
prey". This is the classic tactic of the wolf in sheep’s 
clothing. Even if Probolodus is not so selective as it seems 
from my data it may still be advantageous to have the 
appearance of an ubiquitous and harmless fish, to facilitate 
the approach to an intended victim. A comparable strategy 
is used by a bird of prey'’ and some marine fishes'’’"’. 

As A. fasciatus is not found over the entire range of 
Probolodus, it is probable that in other major river drain- 
ages this latter fish associates with other similar species of 
Astyanax (in the Rio Ribeira do Iguape, A. ribeirae is a 
likely candidate) or even such tetragonopterines as 
Deuterodon iguape which also has the general appearance 
of Astyanax. 

Drs P. E. Gibbs, E. O. Willis and P. Montouchet reviewed 
the manuscript and Dr H. E. Britski confirmed the identity 
of the fishes. 
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A new insect chemosterilant 
isolated from Acorus calamus L. 


PLANT extracts have been tested for insecticide and juvenile 
hormone! activity and some have been found with anti-juvenile 
hormone actjvity*. We have suggested** that an essential oil of 
Acorus calamus L. inhibits interstitial cell activity; this would 
represent’a new concept in insect chemosterilisation. We report 
here the identification of the component of the oil that is 
responsible for that inhibition; we have also established the 
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importance of substitute groups and a side chain by testing 
various allyl benzene analogues. 

Using procedures described before*+, we tested 3rd. 4th and 
Sth instar nymphs and the adults of Dysdercus koenigii for the 
efficacy of the inhibitory agent. Victoria blue’, aldehyde fuchsin® 
and Sudan black B were used to test for the appearance of neuro- 
secretory cells and interstitial cells (IC). Farnsyl methyl ether 
(FME), a juvenile hormone analogue, was given topically (10 ug 
and 12 ug per insect) to the insects before and after treatment with 
the candidate oil to reveal any physiological reversal. 

Acorus calamus oil seemed to affect the various larval stages 
differently. While 3rd and 4th instar larvae moulted normally to 
the next instars, the 5th instar larvae moulted normally into adults 
but the ovaries were irreversibly affected. In such adults the ovary 
remains permanently immature (Fig. la). Longitudinal section 
through such an ovary revealed a well developed tropharium but 
a small vitellar region (Fig. 14), composed only of interfollicular 
tissue, and no organised follicles. Isolation of the active prin- 
ciple’, B-asarone (Fig. 2, 1) showed that it brought about a similar 
inhibition. The compound caused resorption in many gravid 
insects leading ultimately to complete regression of the ovaries. 
To find which of the substituent groups in the aromatic ring or the 
side chain of f-asrone was specifically inhibitory, trials were done 
with different allyl benzene compounds (Fig. 2). A wide spectrum 
of activity was observed (Table 1). 

Table | shows that compound I severely depressed the develop- 
ment of the gonads. The neuro-secretory cells (NSC) revealed by 
both Victoria blue and aldehyde fuchsin were scored according to 
Schooneveld and Johnson et a/.°. The studies revealed no 
inhibition in the NSC’s and the density of granules was nearly 
equal to that in controls. In cases where higher dosages (above 30 
Hl per 1,500 cm? of air space) were tried, however, a mild 
inhibition in the secretion from NSC was observed. There is no 
reason to suppose that NSC activity is involved in the chemoste- 
rilant action of f-asarone, because it has been reported that 
extirpation of the NSC within 30 h of the moult to adult does not 
affect subsequent vitellogenesis in D. cingulatus'®, 

Because the treated insects showed a normal moulting pattern 
we conclude that the oil does not adversely affect ecdysone 
release. As previously shown!'', on treatment with higher doses, 
the moulting insect becomes lethally entangled in its own half cast 
moult. This may be because the larger dose of oil inhibits the 
release of secretion by NSC, which then delays the release of 
ecdysone and thus seriously impedes ecdysis. 


Fig. 1 a, Ovary of 6-d-old adult treated with Acorus oil, Note the 

well developed germarium and oocytes as spherical bodies in vitellar 

cavity. x 15. b, Longitudinal section through the ovariole of above 

ovary. Note the well developed tropharium (g) a short vitellarium (v) 
and oviduct (o) x 75. 
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Fig.2 Structural formulae of compounds used. 


The anti-juvenile hormones precocene I and II possess a 
significant measure of structural similarity with B-asarone, and 
both types of compound cause sterility in adult female insects. But 
they probably have different modes of action. Thus precocenes 
are believed to act by blocking the synthesis and release of juvenile 
hormones, which leads to the formation of precocious adults 
when the larvae of sensitive species are treated’. By contrast, B- 
asarone did not cause precocious metamorphosis in D. koenigii in 
our experiments. Furthermore, we observed no physiological 
reversal of the f-asarone effect on insect gonads when FME was 
applied topically to the insects before or after B-asarone treat- 
ment. These observations were made on adults up to 7d after 
moulting, which coincides with the first oviposition of control 
insects. 

The molecular structure of the effective compound from oil of 
A. calamus is given in Fig. 2 1. The position of different groups in 
the aromatic ring is known to play an important part in various 
activities, as shown by some allelochemics'!*, where the position 
of the hydroxyl groups is responsible for activities such as anti- 
assimilation and reduction of survival or pupation. Similarly in 
our study the position of the O-methyl groups on the ring, and of 
the double bond in the side-chain of f-asarone, plays an impor- 
tant part in the antigonadal activity (Table 1, Fig. 2). After testing 
the various compounds it was found that the O-methy! group at 
position R in the ring (Fig. 2, V} is important for the resorption of 
the oocytes, which is further supported by the suppression in the 
ovary due to the O-methyl group at R, (as in Eugenol, VI and 
methyl isoeugenol, IH---Fig. 2). The suppression in the ovary due 
to the O-methyl group at R, seems true of precocene I? also 
because the removal of the O-methyl group from R, position in 
that molecule also reduces activity (precocene I of Bowers?). 
Comparison of the activities of compounds I and H (Table 1) 
suggests that the cis configuration of the side-chain double bond 
in f-asarone is important for antigonadal activity. It is interest- 
ing, however, that HI which has a trans configuration, but lacks 
the O-methyl group at position R also has significant suppression 
activity. 

Table 1 Activities of test compounds 





Compounds Activity 


10 ul per 1,500 cm? 20 wl per 1,500 cm? 30 pl per 1,500 em? 


air space air space air space 
i Antigonadal Antigonadal Antigonadal 
H Nil Nil Nil 
IH Nil Mild Antiassimilant + 
yolk deposition® no yolk deposition 
iV Nil Toxic Toxic 
V Nil Nil Antigondal 
Vi Nil Antiassimilant + Toxic 
no yolk deposition 
Vil Nil Nil Nil 
VIH Nil Nil Nil 
IX Anufeedant Toxic Toxic 
X Nil Nil Nil 


TA E E EAN AAE EE EA E EEE 
An antigonadal compound sterilised either sex, agglutinated sperm and 

caused resorption from terminal oocytes to apex of vitellarium. In 

antiassimilants the alimentary canal was full and the fat body highly 

reduced and in antifeedants the alimentary canal was always empty. 
*Mild yolk deposition: the effect was the same in all cocytes. 
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We conclude that f-asarone is neither a juvenile hormone, nor 
an anti-allatotropic compound (precocene | and H of Bowers?), 
and with its specific antigonadal functions, it may represent a new 
type of antigonadal agent which may afford a new and safe 
approach towards insect control. 

We thank Dr P. L. Duda, Reader Jammu University) for 
reading the manuscript, and Dr M. Jacobson of USDA for 
providing reference compounds. 
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Assignment of aberration 
breakpoints in banded chromosomes 


CHROMOSOME banding techniques? have made possible not 
only the detection but also a more accurate characterisation of the 
structural chromosomal changes encountered in clinical and 
experimental work. Using internationally agreed band patterns 
and riomenclature’, it is customary to assign breakpoints to 
aberrations such as translocations on the assumption that these 
‘breakpoints’ correspond to the positions of breakage and rejoin- 
ing which gave rise to the configuration observed. This assumption 
is frequently invalid, because it does not seem to be generally 
realised that the system carries (at least for chromosome-type 
exchanges) an inherent three-band uncertainty. This means that 
the most obvious breakpoint is not necessarily the site of transfer 
or rearrangement of the genetic material. 

The assignments of ‘breakpoints’ is essentially an exercise in 
pattern recognition. Presented with a linear array of alternating 
dark and light segments against a light background (for example, a 
typical G-banded chromosome set viewed with conventional light 
microscopy), the human eye automatically concentrates on the 
disposition of the dark bands. We are much more conscious of 
differences in size, spacing and staining intensity of dark bands 
than of light bands although such differences occur in the latter. 

Interruptions or breaks in an expected sequence are therefore 
interpreted in terms of the dark band pattern, and the pattern 
disruption point (PDP) will be assigned to a light band. Figure I 
illustrates this for a 6:10 human reciprocal translocation using the 
Paris Conference (1971) diagrams and nomenclature’. The left- 
hand pairs represent the G band patterns of the normal and 
derivative chromosomes. Obvious pattern disruption occurs at 
6q21 and 10q22, that is a light/light-band exchange. But, essen- 
tially the same pattern (and derivative chromosome lengths and 
arm ratios) could be achieved by dark/dark-band exchanges on 
either side of this light-band, that is 6q16/10q21 or 6q22/10q23, but 
because of the eye’s preoccupation with dark-bands, this is not 
immediately obvious. . 

This three-band uncertainty becomes clear when the same 
translocation is R banded®, a technique whereby the Giemsa 
staining of the bands is reversed in a more or less reciprocal manner 
(Fig. 1, right-hand pairs). The eye transfers attention to the new 
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Fig. 1 The derivative chromosomes of a human 6:10 reciprocal 

translocation compared with normal homologues. Left-hand pairs, 

G-band pattern; right-hand pairs, R-band pattern. Arrows indicate 

the pattern disruption points (PDP), and the three-band uncertainty 
zone is bracketed. 


dark-band sequence so that the PDP again falls in a light band. 
This corresponds to one or other of the dark G bands which make 
up the trio of uncertainty. The breakpoint seems to have jumped a 
band, but only as the result of an optical artefact; itis not necessary 
to infer that exchange at a band junction is involved’. In the 
example of Fig. 1, the choice of PDP depends on the assessment of 
the R dark bands 6q21 and 10q22. Relative size differences are 
obvious in the diagram, and careful measurement will probably 
implicate 6q21 and 10q22 as the most likely breakpoint positions. 
In the real cell, such differences are seldom obvious, as we are 
working near the limits of optical resolution, and the quality of the 
banding is rarely uniform throughout the chromosome comple- 
ment, so that homologue differences are often present. 

In clinical work, where a particular translocation can be 
examined by different techniques and in several cells, subtle 
differences, in size, staining intensity and conformation, im- 
possible to depict in a diagram, may allow assignment of the 
breakpoint with reasonable certainty, but not in every case. In 
experimental work, particularly with primary chromosome-type 
changes, usually only one example is available, and the three- 
band uncertainty frequently. remains. Where uncertainty exists it 
may be safer to use a more non-committal term like PDP. 

It is often said that most chromosome-type exhange break- 
points occur in G light-bands (or weak fluorescing bands which: 
are mostly identical to light bands)®~'*. This could be largely an 
artefact of pattern-recognition. 

Non-exchange aberrations such as simple terminal deletions do 
not, however, have the three-band uncertainty. This is also the 
case for most chromatid-type aberrations, because sister- 
chromatid pairing affinity ensures a banded ‘control’ chromatid 
in close proximity to the exchange point. Thus band-for-band 
comparisons can be made!?—'*. When this is done for X-ray- 
induced exchanges there is a clear indication of more or less 
exclusive light/light band involvement. 

Free participation of both dark and light bands should lead to 
~ 50% dark/light-band exchanges, which would be recognised by 
the creation of an extra dark band in one of the derivative 
chromosomes. Such cases seem to be very rare, implying that 
either exchanges are predominantly light/light or dark/dark or 
that partial bands are unstable and tend to merge with bands 
adjacent to the point of exchange. A similar argument applies to 
exchanges involving band junctions, interfaces'*, or ‘inter- 
bands’’. A high frequency’ of free interface/interface exchange 
would produce frequent band fusion in one derivative and 
concomitant band loss in the other. Such events are seldom seen. 

Terms like band ‘interface’ and ‘interband’ should be used with 
caution. Sharp dark/light band junctions only exist on diagrams. 
The metaphase chromatid is a coiled!® or double-coiled’” struc- 
ture, and there have been several suggestions that bands and coils 
are related’8-?°. Thus a transverse line across a chromatid will 
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run more or less parallel to the pitch angle of the coil, and is 
therefore unlikely to represent a sharp boundary for breakage 
purposes. 

JOHN R. K. SAVAGE 
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Harwell, Didcot, 
Oxon, UK 
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Tetrahymena p yriformis recovers from 
antibody immobilisation by 


producing univalent antibody fragments 


MANY protozoa possess mechanisms by which they are able to 
recover from immobilisation by specific antibodies. Paramecia 
have been shown to shed their ciliar antigens in response to specific 
divalent antibodies. After shedding the antibody bound antigens 
the animals present new antigens of different specificity’. It has 
been suggested that this modulation process also has a role in 
antigen variation in trypanosomes”. While modulation of sero- 
types in Tetrahymena pyriformis is primarily provoked by tem- 
perature shifts or changes in culture conditions?, induction of 
modulation in response to antibody agglutination has been 
reported*. Tetrahymena recovery from antibody provoked 
immobilisation has also been reported to occur by a nonspecific 
process not involving a change in serotype. Immobilised animals 
have been shown to secrete a substance which permits their 
recovery and protects animals of unrelated serotype’ from homo- 
logous anti-serum®-®. We have further examined the way that 
Tetrahymena recover from antibody provoked immobilisation. 
This process, which we call fabulation, apparently involves the 
proteolytic cleavage of both bound and free immunoglobulin to 
produce univalent fragments which bind or remain bound to the 
ciliar antigens and protect the animals from further antibody 
treatment with no apparent effects on cell growth. The cleavage 
seems to be catalysed by both cell bound and secreted proteases. 

When Tetrahymena of syngen 9 are treated with specific antisera 
they are rapidly immobilised and often agglutinated. Rabbit 
antisera to T. pyriformis were prepared either by the method 
described in‘ ref. 4 or by two intradermal injections of 5x 10° 
animals in complete Freunds adjuvant at 6-week intervals, 
followed by two intravenous injections of 10* sonicated animals at 
2-week intervals. Rabbits were bled 6d after the last injection. 
Immobilisation and agglutination tests were performed as de- 
scribed in ref. 4, except that the cell concentration was ER 000 per 
ml. 

We have observed that when immobilised animals are left at 
room temperature for 1-2 h in the presence of antiserum all the 
animals are found to have recovered and swim freely. Further 
treatment of the recovered animals with antiserum of the same 
specificity has no effect. Also, addition of antisera directed to other 
serotypes which the animals are capable of expressing has noeffect. 


The possibility that the recovered animals had modulated their ' 


serotype and presented a hitherto unknown antigen was tested by 
injecting the recovered animals into rabbits. We found, however, 


i 
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Fig. 1 Effect of Tetrahymena cells on '*C-labelled mouse immunog- 
lobulin. '*C-labelled mouse immunoglobulin, prepared by incubat- 
ing spleen cells from trypanosome infected mice in a mixture of '*C 
amino acids, was a gift from Dr B. Bernstein. 10* Tetrahymena grown 
as described in ref. 6 were incubated with 5 ul of '*C-immunoglobulin 
(12,000 ¢.p.m.)in 10° 7M phosphate buffer pH 7.5 containing 10- °M 
EDTA and 10> *M dithiothreitol. After | hat 37 “C, 2 volumes of 2 x 
sample’? buffer were added and the samples were boiled for 2 min. 
They were then analysed by electrophoresis on 10% polyacrylamide 
gels as described by Laemmli'*. The gels were dried and autoradio- 
graphed. The left lane represents the immunoglobulin preparation 
incubated without Tetrahymena cells. The right lane represents the 
preparation incubated with the cells. 


that this resulted only in the production of very weak sera against 
the original serotype. It thus seems unlikely that the animals 
recover by a process of modulation of their ciliar antigens. If the 
recovered animals are cultivated in antiserum free medium 
(containing normal rabbit serum in the place of anti- Tetrahymena 
rabbit serum) they become sensitive to the original antiserum 
within 2-3 generations. The animals can also be rendered sensitive 
to the original antiserum by exhaustive washing. It seems. 
therefore, that the recovered animals are protected from the action 
of further antibodies. 

Tetrahymena contain and excrete several proteases amongst 
which is an enzyme resembling papain”’'®. As papain is known to 
cleave IgG of various mammalian species to produce Fab 
fragments!’ it seemed possible that the Tetrahymena recover from 
antiserum treatment by specific cleavage of the antibodies by the 
papain-like enzyme and production of Fab-like fragments capable 
of binding to the antigens. These bound univalent fragments 
would then protect the animals without apparently deranging 


them. If such a mechanism were responsible for the recovery of 


Tetrahymena from antibody agglutination it would be expected 
that the recovered animals should be sensitive to agglutination by 
antibodies specific for the immunoglobulin originally used to 
agglutinate them and from which they had recovered. Further- 
more, antibodies specific for the non-antigen binding fragment. or 
Fc, would not be expected to have an effect on the recovered 
animals. To test these predictions animals were treated with 
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specific rabbit anti-Terrahymena serum and allowed to recover. 
The recovered animals were then washed once and treated with 
either sheep anti-rabbit total IgG (SaRIgG) or with sheep anti- 
rabbit Fe (SaR Fc). It was seen that treatment of the recovered 
animals with SaR IgG resulted in re-agglutination whereas treat- 
ment with SaRFe had no effect. SaRIgG treatment of animals 
grown in pre-immune rabbit serum or in the absence of serum had 
no effect. Incubation of the reagglutinated animals again resulted 
in recovery, showing that sheep IgG is also sensitive to the 
Tetrahymena enzyme(s). 

To demonstrate the cleavage of IgG by Tetrahymena ‘*C- 
labelled mouse IgG was incubated at 37 C in the presence of 
I0 °M EDTA and 10°4M dithiothreitol with washed Tetra- 
hymena organisms. This treatment did not affect the viability of the 
organisms. After incubation the samples were analysed by SDS 
polyacrylamide gel electrophoresis. The gel was then dried and 
autoradiographed. The results are shown in Fig. |. It can be seen 
that the light chain of the IgG was not degraded by the cells. The 
heavy chain was almost completely lost and replaced by two 
closely spaced bands which migrated just behind the light chain. 
The preparation of '*C-labelled mouse immunoglobulin also 
contained a small quantity of IgM. It can be seen that the u chain 
also disappeared after treatment with the cells although it is not 
known whether Fab was produced from the IgM. Similar results 
are seen when the immunoglobulins are incubated with Tetra- 
hymena culture supernatants. 

It seems clear from these observations that Tetrahymena of 
syngen 9 can recover from anubody agglutination by cleavage of 
the antibodies to produce univalent fragments which remain 
bound to the antigens and protect the animals from the effects of 
further antibody treatment. This ‘fabulation’ process suggests an 
efficient mechanism by which parasitic protozoa might escape the 
host immune system. Cell-bound univalent antibodies would be 
expected to have two effects: they would block antigenic sites from 
antigen sensitive cells, thus reducing the host's immune response, 
and they would protect the parasites from circulating antibody. 
Furthermore, cell-bound Fab would not activate complement. 
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Isolation of a human teratoma 
cell line which expresses F9 antigen 


Tue F9 antigen, defined by antisera raised in syngeneic mice 
against pluripotent embryonal carcinoma cells, is present on 
early mouse embryos, spermatozoa and male germinal cells, 
but not on adult somatic tissues'*. This antigen, thought to 
be coded by gene(s) located at, or linked to,ethe develop- 
mentally important 7/¢ complex, may play a pag in early 
embryogenesis’ *. This idea is supported by the fact that the 
antigen seems to have been conserved during mammalian 
evolution. Anti-F9 activity is absorbed by sperm of several 
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species including man, rat, rabbit and bull’ and there is 
evidence for its presence on the morulae of rabbit, rat and 
cow, and on human foetal testicular cells*’. The cross 
reaction of anti-F9 with human sperm suggested that un- 
differentiated stem cells in human teratocarcinomas might 
also carry F9 on their surface, and we report here the 
isolation of human teratocarcinoma cell line which expresses 
F9 antigen. 

The cell line, known as SuSa, was isolated from a 
30-yr-old male with a malignant testicular teratoma, inter- 
mediate grade B with extensive necrosis. Sections of the 
primary tumour had areas of undifferentiated cells in con- 
voluted epithelial sheets, networks and vesicles, surrounded 
by simple tumour mesenchyme; limited areas of more dif- 
ferentiated cells, including keratinised and glandular 
epithelium and cartilage were also present. The patient had 





Fig. 1 Morphology of SuSa cells in culture. Pieces from different 
sites in the primary tumour were minced finely with scissors 
and placed in a 90-mm dish containing a monolayer of 3 x 10° 
STO mouse feeder fibroblasts? in Dulbecco's modified Eagle's 
medium (MEM) with 10° calf and 10° foetal bovine serum. 
After about 5 d small patches of closely packed, homogeneous 
cells were seen, and after 2 weeks these were subcultured with 
0.05% trypsin-0.5 mm EDTA in phosphate—buffered saline 
(PBS), pH 7.2. The cells have a very low plating efficiency (about 
4%) even on feeder layers. Feeder layers were prepared by treat- 
ing STO cells before plating out with mitomycin C (20 pg ml ~) 
for 2-3 h and 6,000-10,000 rad X rays. a, A vesicle in the centre 
of a colony of cells growing at high density on a feeder layer. 
Phase contrast microscopy; bar represents 100 um. b, Section 
through a chin of vesicles detached from a high density culture. 
Stained with haematoxylin and eosin, bar represents 50 um. c, 
Cells growing out from a vesicle which had attached to a tissue 
culture dish in the absence of feeder fibroblasts; bar represents 
100 um. 
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Fig. 2 Absorption of anti-F9 activity by SuSa and other human 
cell lines and mouse STO fibroblasts. Anti-F9 serum was elicited 
by hyperimmunisation of male 129/Sv mice with irradiated cells 
of the mouse teratocarcinoma line F9-41', and was absorbed 
before use with cells of the parietal yolk sac line PYS2 and with 
human fibroblast (skin) cells (v/v, serum diluted 1/5 in Hanks 
medium containing 4% heat-inactivated 4 globulin-free foetal 
bovine serum (IPT), for | h at 0 °C). Such absorbed sera are ac- 
tive against F9 cells in both the microcytotoxicity test (90-95 % 
of cells killed at titres of 1/2400-1/3200) and the indirect immuno- 
fluoresence assay (90-100° of the F9 cells labelled at dilutions 
up to 1/400), Absorptions were made with 100 ul of anti-F9 sera 
diluted 1/300 in Hanks medium+4% IPT. After absorption 
with 8 x 10° SuSa cells or 1 x 10° cells of all the other cell lines 
tested at 4 °C for 1 h, the cells were removed by centrifugation 
and the residual cytotoxic activity was tested on F9 cells using 
serial dilutions in the presence of absorbed rabbit serum as a 
source of complement’. @, Unabsorbed serum; [ |, absorbed on 
SuSa; ^, absorbed on Burkitt's lymphoma’; A, absorbed on an 
intestinal cell line (American Type Culture Collection CCL6); 
x, absorbed on an epidermal larynx tumour (ATCC CCL23): 
+, absorbed on HeLa (ATCC CCL2); V, absorbed on mela- 
nomas’’; ®, absorbed on a rhabdomyosarcoma (ATCC CCL136); 
©, absorbed on STO mouse fibroblasts. 


multiple metastases and high levels of human chorionic- 
gonadotropin in the urine. HLA typing of the patient's 
peripheral blood lymphocytes was Al, A3, B5, Bwl7 and 
possibly Cw3. 

The cells are maintained on feeder layers of mouse 
fibroblasts and have a low ratio of cytoplasm to nucleus, 
and prominent nucleoli. They grow as flat colonies of 
densely packed cells which gradually pile up at the edges 
and centre, forming chains of simple epithelial vesicles 
which float off into the medium (Fig. la). Similar vesicles 
are produced when SuSa cells are subcultured in the absence 
of feeder fibroblasts. When floating vesicles attach to the 
tissue culture dish, the cells migrate out and become flat- 
tened (Fig. Ic), but they do not continue to grow when 
subcultured in the absence of feeder fibroblasts. In sections 
of fixed and stained material (Fig. 15) SuSa cells closely 
resemble the undifferentiated epithelial cells of the primary 
tumour. In the electron microscope they show very little 
endoplasmic reticulum but have some microvilli and lipid 
droplets, and are joined by junction complexes. No virus 
particles have been seen. 

Approximately 10 passages after its isolation the 
cell line had a modal chromosome number of 58, 
and its human origin was confirmed by the presence 
of metacentric chromosomes. Quinacrine mustard staining 
showed one Y chromosome in most spreads. 

Absorption of anti-F9 serum with 810° SuSa cells 
removed cytotoxic activity towards F9 cells (Fig. 2). Further 
experiments showed that as few as 310° SuSa cells could 
remove most of the anti-F9 activity of the sera in the con- 
ditions described in Fig. 2. Anti-F9 activity was not 
absorbed by the STO cells used as feeders, nor by any of 
the human cell lines tested—HeLa, two Burkitt tumours, 
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two melanomas, an epidermal carcinoma of the larynx and 
an embryonal rhabdomyosarcoma. 

In immunofluorescence studies (Table 1) anti-F9 serum 
reacted strongly with about half of the SuSa plus feeder 
cell population, but marked neither human nor mouse 
fibroblasts. No fluorescence labelling was observed after 
absorption of the serum by F9 cells or human sperm. 
Because mouse embryonal carcinoma cells which are F9 
positive do not express H2 antigens or Be microglobulin’ we 
tested SuSa cells for the products of the major histocom- 
patibility HLA locus in man. We found that only a very 
small percentage of SuSa cells was labelled by specific HLA- 
Al or B5 antisera. The percentage of cells that bound anti- 
human 8: microglobulin in serum correlated well with the 
percentage of HLA positive cells. Together with the absorp- 
tion studies, these results show that cultured SuSa cells 
express an antigen which cross-reacts with the F9 antigen 
on mouse embryonal carcinoma cells and human sperm, and 
that this expression is not due to the presence of STO feeder 
cells. Furthermore, most cells expressing the F9 antigen do 
not express HLA antigens, and judging by the presence of 
HLA antigens, only a minority of the human cells in the 
cultures seem to be differentiated. 

Table 2 shows the results of double immunofluorescence 
labelling. When anti-F9 and a specific anti-HILA-B5 serum 
were used simultaneously all F9 positive cells were HLA-B5 
negative, and vice versa. The result was similar when a 
rabbit anti-HLA serum was used in combination with anti- 
F9, suggesting mutual exclusion of F9 and HLA antigens 
on the SuSa cells. Double labelling with anti-F9 and an anti- 
human B» microglobulin serum revealed that all F9 positive 
cells were B- microglobulin negative. The human nature of 
the F9 positive cells in the SuSa population was confirmed by 
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Table 1 Immunofluorescence studies on cell line SuSa, human 
fibroblast HLA-B5 and mouse fibroblast STO 
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° Cells fluorescing 
Human Human Mouse 


Antisera used teratoma fibroblast fibroblast 


SuSa HLA-Al STO 
or HLA-BS 

Anti-F9 + goat anti-mouse FITC 48,46,44,50 0 () 
Anti-F9 preabsorbed on F9 

+ goat anti-mouse FITC Z 0 0 
Anti-F9 preabsorbed on human 

sperm- goat anti-mouse FITC 4 0 0 
Anti-HLA-BS TRITC 6,5 80 () 
Anti-HLA-Al FITC 3.4 100 Q 
Rabbit anti-HLA- goat anti- 

rabbit TRITC 8 100 Q 
Rabbit anti-human B, micro- 

globulin + goat anti-rabbit TRITC 10,7 90 0 





5 x 10° cells were centrifuged in a microfuge (Beckman Instruments 
Palo Alto). The pellet was resuspended in 50 ul of antisera at an 
appropriate dilution in MEM-+4° IPT and kept at 4 °C. After 
45 min the cells were washed with the same medium and suspended 
in an anti-lgG globulin labelled either with fluorescein isothio- 
cyanate (FITC) (Hyland) or with tetramethyl rhodamine isothio- 
cyanate (TRITC). After 45 min at 4 °C, the cells were washed three 
times, resuspended in PBS pH 7.2, spread, air dried, fixed with 
methanol, then mounted in glycerol: PBS (80/20; v/v). Preparations 
were observed using a Leitz Orthoplan microscope. Appropriate 
specificity controls (normal and absorbed immune sera) were per- 
formed. Anti-F9 serum was used at a dilution of 1/80 and revealed by 
a goat-anti-mouse IgG and IgM, labelled with FITC. In the F9 
controls, absorptions were made v/v with F9 antisera and cells for 
1h at 44°C. Anti-HLA-Al and anti-HLA-BS5 were obtained from 
multiparous women. Anti- HLA-A! was labelled directly with FITC. 
Anti-HLA-B5 was labelled directly with TRITC. Both sera were 
used at 1/25 dilutions and had been absorbed on mouse STO cells 
before use. The rabbit anti- HLA 5996-2 and the rabbit anti human 
B, microglobulin sera (5895-21) raised against purified preparations 
of papain-solubilised HLA antigen and of human B, microglobulin 
were given by N. Tanigaki. They were both preabsorbed with the 
Daudi lymphoma and STO cells before use. They were revealed with 
goat anti-rabbit IgG labelled with TRITC. 
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Table 2 Double marking immunofluorescence studies on cell line 
SuSa 


First antisera Second antisera "4, Positive cells 


Anti-F9 +. goat 
anti-mouse FITC TRITC-anti- HLA-B5 48 F9* HLA™~, 0 F9* HLA* 
47 FO-HLA™~, 5 F9~HLA* 

Anti-F9-+ goat 


anti-mouse FITC Rabbit anti-HLA + 44 F9*HLA™, 0 F9*HLA* 
goat anti-rabbit 
TRITC 48 F9-HLA™, 8 F9-HLA* 
Anti-F9~ goat 
anti-mouse FITC Rabbit anti-human 50 F9*B,m™, 0 F9*B.m* 
B, microglobulin+ 40 F9~-B,.m~, 1OF9~B,m?* 
goat anti-rabbit 
TRITC 
Anti-F9-- goat 
anti-mouse FITC Rabbit anti-human 0 F9* Man”, 32 F9* Man* 
fibroblast + goat anti- 24 F9~Man~, 44 F9~Man* 
rabbit TRITC 





See Table 1. Anti-human fibroblast serum was raised in rabbits 
immunised with three injections of human skin fibroblasts from a 
single donor. The serum was absorbed on mouse liver and spleen 
and on the mouse fibroblast line STO to render it specific. This 
serum is active on both HLA positive and HLA negative (Daudi) 
human cell lines. It was used at a dilution of 1/2,000 and revealed 
with goat anti-rabbit TRITC or FITC. 


a double labelling experiment using anti-F9 and a pre- 
absorbed rabbit anti-human fibroblast serum. All F9 positive 
cells were labelled by this serum. 

The studies described so far involved dissociated single 
cells. When intact aggregates were tested for F9 using 
methods applied to preimplantation embryos’, about 30% of 
them were marked by anti-F9 antiserum. When aggregates 
were dissociated before exposure to antiserum, 50-55% of 
the cells were F9 positive while about 80% were marked by 
anti-human fibroblast serum. 

Several lines of evidence suggest that SuSa cells are 
equivalent to the undifferentiated stem cells of human 
testicular teratocarcinomas. First, most of them resemble 
morphologically the undifferentiated epithelial cells of the 
original tumour and other testicular teratomas''”'*. Second, 
most of them express an antigen which cross-reacts with the 
F9 antigen on mouse embryonal carcinoma cells, and third, 
they do not express, or have available for reaction, products 
of the major histocompatibility HLA locus or $: micro- 
globulin. Although a few HLA positive cells are found in 
SuSa cultures we have no conclusive morphological evidence 
that the cells differentiate in vitro, nor can we exclude the 
possibility that the cells are differentiating into cytotropho- 
blast, which may not express HLA antigens. Proof of the 
tumorigenicity and stem cell nature of SuSa cells would be 
unambiguous if single cell clones gave rise to differentiated 
tumours in nude mice. But when eight nude mice were 
each injected subcutaneously with 1x10° SuSa cells, no 
tumours developed after 2 months. In earlier experiments, 
cells taken directly from five primary testicular teratomas 
and one ovarian teratoma were tested for F9 by absorption 
and found to be negative (Buc. G. Gachelin and M.F. 
unpublished results). This may have reflected the small pro- 
portion of undifferentiated stem cells in the tumours tested 
but we cannot formally exclude the possibility that SuSa 
cells have acquired F9 expression in vitro. 

Our results and those of Holden er al. (see following 
communication)'* who find F9 on another line of human 
teratocarcinoma cells, Tera I, raise the possibility of looking 
for circulating autoantibodies in patients with testicular 
teratoma (and possibly seminoma), using cell lines such as 
SuSa., Tera I and F9 as targets. 
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tumour material, Dr C. Barnstaple for HLA typing. and 
Gillian McArthur, Simone Lacaille and Colette Chereau 
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Human and mouse embryonal 
carcinoma cells in culture 
share an embryonic antigen (F9) 


THE embryonic membrane antigen F9 has been detected on 
several lines of mouse embryonal carcinoma (EC) cells as well as 
on mouse embryos and sperm, but not on any other adult cells 
tested’. F9 or an antigenically similar substance has been de- 
monstrated on the morula and/or sperm of several mammalian 
species’ including man}, but has been undetectable in all non- 
mammalian species tested”, Although no function for this antigen 
has been identified. its restriction to embryonic and germ cells 
Suggests an important developmental role. This possibility is 
enhanced by the apparent conservation of F9 in the course of 
evolution. We now report the serological detection of F9 on 
human EC, together with our inability to detect 82 microglobulin. 

We investigated two established tissue culture lines of human 
EC cells for the presence of F9 antigen. These lines (Tera I, Tera 
Il) were cultured from the pulmonary metastases of two men with 
testicular teratocarcinoma*. In vitro, these EC cells seem 
morphologically similar to murine EC cells and do not exhibit 
visible differentiation in standard growth conditions. Attempts 
are in progress to characterise these lines by growing them in 
athymic mice. Using mouse anti-F9 antisera, we have shown in 
complement-mediated cytotoxicity assays and by absorption that 
F9 antigen is detectable on Tera I] but not on Tera I (Figs | and 
2). F9 could not be detected by similar techniques on normal 
human fibroblasts or on three human lines derived from lung, 
intestinal and skin tumours. It is interesting that in direct 
cytotoxicity tests, Tera II was almost as sensitive to anti-F9 
antisera as its murine counterpart. 

Immuné@peroxidase studies confirmed the presence of F9 anti- 
gen on Tera II cells and also showed that F9 can be detected ona 
small fraction of the Tera I cell population (Fig. 3). 
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Fig. | Complement-mediated cytotoxic activity ofanti-F9 serum on 
F9cells before absorption (2), after double absorption with human EC 
cells, Tera Hf (1), Tera 1 (3), human melanoma, MalME (4), human 
intestinal tumour HT 29 (5) human lung tumour SK MEM-I (6) and 
murine yolk sac carcinoma PYS (7). F9 cells ori ginated from Steven's 
OTT6050teratocarcinoma ; humancells wereisolatedand supplied by 
Fogh*. All cells were cultivated at 37°C in 12°, CO: in air as a 
monolayer on plastic Petri dishes in Dulbecco's modified Eagle's 
medium containing 15% foetal calf serum and 1%, penicillin/strepto- 
mycin. F9 but not human cells were grown ona 0). | “gelatin layer. The 
preparation ofantisera, complement and cells as well as the details of 
the cytotoxicity test are identical to the technique previously 
described! except that double absorptions performed at 4 °C for 45 
min each utilising a 1:2 ratio of cell volume to serum volume were 
required for Tera II to remove anti-F9 activity. The absorptions were 
performed at a serum concentration of 2 dou bling dilutions below the 
titre. Lines 1-3 represent the averages of three to nine independent 
experiments. Lines 4-7 represent single experiments. Allcomplement 
and cell controls were between 10 and 22°. dead. 


Both EC and early embryo cells contain large quantities of 
alkaline phosphatase which decline with the onset of differen- 
tiation’. Although the function of this enzyme is unknown, it is a 
useful marker for cellular differentiation. We tested Tera I and 
Tera II for the presence of alkaline phosphatase by the method of 
Burstone®. Our findings that Tera II cells contained high levels of 
alkaline phosphatase plus F9 antigen while most Tera I cells 
lacked F9 antigen and had low alkaline phosphatase could be 
explained if most Tera I cells are more differentiated than Tera I]. 

Because mouse EC or embryonic cells that express F9 antigen 
lack H-2 (ref. 7), and H-2 becomes detectable with the onset of 
differentiation as F9 disappears®, we tested indirectly for the 
presence of HLA antigen on Tera II cells. Because we did not 
know the HLA type of the patients from whom these cells derive, 
we tested for the presence of £2 microglobulin, with which the 
HLA antigens are invariably associated. Complement-mediated 
cytotoxicity tests and absorption showed that Tera I] did not 
express f2 microglobulin, while Tera | and other human cell lines 
tested did (Figs 2 and 4). This suggests not only that Tera II lacks 
HLA but also that it lacks the human counterpart of other mouse 
antigens such as TL and QA-2, which are also associated with f2 
microglobulin in the membrane. 

Two observations made in patients with testicular cancer 
suggest that human teratocarcinoma does not stimulate the host 
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Fig.2 a, Direct comple- 

ment-mediated cytotoxic 

activity of murine anti-F9 

serum on Tera II (1), F9 80 2 
(2), SKMEM-I (3). \ 
Mal ME (4), Tera 1 (5), 

human fibroblasts (6) and 

HT29 (7). Lines 1-4 repre- 

sent the averages of two to M. 

nine independent experi- bs 
ments. Lines 5-7 represent 60 x 
single experiments, Com- 
plement controls averaged 
23.8°, dead and were all 
below 30°,. Cell controls 
averaged 16.4%, dead and 
were all below 25%. 
b, Direct complement- 
mediated cytotoxic ac- 
tivity of rabbit anti-human 
ß2ı microglobulin (DAKO- 
immunoglobulins code no. 
10-U72, Dakopatts, Den- 5 
mark) on Tera II (1), fib- 2 
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cellular immune response. First, unlike patients with virtually all 
other forms of cancer, those with testicular tumours in advanced 
stages demonstrate a grossly intact cellular immune system when 
measured by their ability to respond by delayed cutaneous 
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hypersensitivity to intradermal antigens such as dinitrochlorob- 
enzene”. Second, unlike the case of patients with various cancers 
tested, the immunomorphological features of the regional lymph 
nodes in testicular cancer have not been correlated successfully 
with prognosis'®. The lack of HLA on teratocarcinoma may 
explain these anomalies. For example, the absence of H-2 on F9 
cells apparently prevents them from serving as target cells either 
for allogeneic cytotoxic T cells immunised against spleen cells 
syngeneic to F9, or for syngeneic T cells sensitised to 
trinitrophenyl- or virus-modified spleen cells'':'?. It has been 
suggested that the phenotypic expression of H-2 genes by the 
target cell is necessary for cell-mediated immunity'**'*. Thus T 
cells in regional lymph nodes of human patients may be unable to 
see EC cells because of their lack of HLA expression, This 
hypothesis, if correct, could have direct impact on plans for 
immunotherapy of this disease. 

Because embryonic antigens (F9) stimulate a humoral or 
‘autoantibody’ response in syngeneic systems, and human terato- 
carcinomas express F9 antigen, our current efforts are directed 
toward the detection of anti-F9 autoantibody in the sera of 


Fig. 3 Immunoperoxidase study of anti-F9 serum on human 
teratoma cell lines. 1-2 x 10° cells were incubated for 60 min at 
+4°C in 0.1 mi anti-F9 serum diluted 1:50 in Hanks medium 
supplemented with 5%, heat-inactivated )-globulin-free foetal calf 
serum (Gibco). Cells were washed three times in the same medium 
and resuspended in 0.1 ml of a 65 ug ml ' solution of peroxidase- 
labelled sheep Fab anti-mouse SS (Institut Pasteur) 
for another | hat +4 °C. After three washings in medium, cells were 
fixed in 2% glutaraldehyde in phosphate-buffered saline (PBS), 
further washed in PBS and stained for peroxidase activity in 
diaminobenzidine (50 mg per 100 ml in Tris-HCl, pH 7.5) and 0.01% 
H,O, for 3 min at room temperature. a, Tera II cells incubated in 
anti-F9 antiserum, phase contrast micrograph. b, Tera II cells 
incubated in anti-F9 antiserum. A discrete labelling of the cell 
membrane was detectable in 80°, of the cells. No labelling was 
present when anti-F9 serum had been previously absorbed on F9 
cells. Absorption of anti-F9 serum on PYS cells did not alter the 
labelling observed with unabsorbed serum ( x 350). c, Tera I cells 
incubated in anti-F9 serum. Phase contrast micrograph. d, Tera | 
cells incubated in anti-F9 serum. Most of the cells were unlabelled, 
but about 15% showed a membrane labelling sometimes stronger 
than that on Tera II cells. This aa pee | was no | r detectable 
with anti-F9 serum absorbed on F9 cells ( x 350). Mae | ME 
cells were incubated with the same anti-F9 serum, some cell 
‘membrane labelling could be detected. This, however, was not — 
removed by absorption of anti-F9 serum on F9 cells. 
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Fig. 4 Complement-mediated cytotoxic activity of rabbit anti- 

human z microglobulin on human fibroblasts before absorption 

and (2) after single absorption with Tera II (1), Tera I (3), HT 29 (4), 

SKMEM.-1 (5) and Mal ME (6). Lines | and 3 represent the averages 

of two independent experiments. Lines 3-6 represent single experi- 

ments. All complement, serum and cell controls varied between 8 
and 28°% dead. 


patients with testicular cancer. If present, this activity could serve 
as a highly specific biological marker of tumour activity. 

This work was supported by grants from the NCI. We thank Dr 
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Murine pluripotential 
stem cells lack la antigen 


THE la (I region associated) antigens of the mouse were first 
described as differentiation antigens of B lymphocytes!:*, Sub- 
sequently, similar antigens, determined by the same or closely 
linked genes, have been found on macrophages”, on some T cells* 
and on stabl@ products released by T cells’. [mmunoprecipitated la 
antigen as a dimeric molecule, consisting of two dissimilar 
polypeptides”. The alloantigenic polymorphism of the structure is 
attributed to variation in the larger (33,000 molecular weight) 
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subunit . Evidence has accumulated suggesting that Ia antigens 
are involved in immunological recognition and/or cell inter- 
actions®:”. 

Structures with similar biochemical properties have been ident- 
ified on human cells and specific hetero- and allo-antisera against 
these la-like antigens are available!” '+. The distribution of the 
human ‘la-like’ material on normal cells closely parallels that 
found in mice. Cells in chronic lymphocytic leukaemia and B type 
lymphomas have been found to be positive! !-!6, U nexpected and 


intriguing results were obtained, however, when the distribution of 


these antigens on leukaemic and foetal cells was studied. Most 
leukaemic lymphoblasts in patients with the common. non-T. non- 
B type of acute lymphoid leukaemia (ALL), myeloblasts in 
patients with acute myelocytic leukaemia (AML) and blast cells 
found in patients with chronic myeloid leukaemia in blast crisis 
(CML-BC) expressed a Ia-like antigen which was completely 
cross-reactive with B cell Ia (refs 14-16). More mature myeloid 
cells (myelocytes and granulocytes) on the other hand were Ia 
negative'®'’. Ia positive, membrane immunoglobulin negative, 
lymphoblasts, myeloblasts and in some cases promyelocytes, were 
also found in non-leukaemice adult and foetal bone marrow 
cells'®-'’, On this basis it was suggested that ‘la-like’ antigens on 
blast cells in acute leukaemia may reflect their origin from la 
positive haematopoietic stem cells'®!”, 

A direct assay for cells which serve as a precursor to both 
lymphocytes and granulocytes is not available in man. These 
pluripotential stem cells can, however, be quantified in the mouse. 
Transfer of limited numbers of haematopoietic cells into irradiated 
mice results in the formation of discrete nodules in the spleen'®. 


These spleen colonies are the product of the clonal proliferation of 
pluripotential stem cells (CFU,,,). We have examined the effects of 


antisera to la antigens on the cells which give rise to spleen 
colonies. 


Fig. 1 FACS histogram analysis of la positive cells from mouse 
(CBA) bone marrow. a, A.TH x A.TL compared with normal 
mouse (A.TH) serum; b, rabbit x*la’ compared with 


rabbit x mouse lg. The abscissa is fluorescence intensity in arbitrary 

units and the ordinate is the log of the frequency of detected cells. 

The white arrows indicate the points at which the division between la 

positive and negative cells were made. The settings of the sorter were: 

photomultiplier tube 600 V, laser. 400 mW, fluorescence gain 16:1, 
scatter gain 2/0.5. 
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The results in treating mouse bone marrow cells with polyvalent 
alloantiserum against la (A.TH *A.TL) and complement are 
shown in the first experiment in Table 1. The anti-la serum did not 
reduce the number of colonies found. Line 3 of the Table shows 
that the CFU of CBA mice can be killed by antibody (rabbit anti- 
mouse brain) and complement in the conditions used. Since the 
failure of alloantiserum to kill is not proof of the absence of 
antigen, we used the fluorescence-activated cell sorter ( FACS I to 
separate Ia* and Ia” cells from mouse bone marrow and tested 
these cells for their ability to form spleen colonies. To prevent the 
complement mediated destruction of antibody-coated cells after 
their injection into the irradiated recipients the cells were in- 
cubated at 37°C for 1h in tissue culture medium RPMI1640 
supplemented with 2%, heat inactivated foetal bovine serum. This 
treatment effectively removes the antibody both as judged by 
fluorescence microscopy and by the recovery of CFU,,, from cells 
treated with rabbit anti-mouse brain (Fab,') and fluoresceinated 
goat anti-rabbit Ig (lines 10 and 11, experiment 2, Table D41 
of the total are la positive on the basis of the sorter analysis 
(compared to 6.0% when stained with normal mouse serum) as 
shown in Fig. la. Both the positive cells and the negative cells were 
collected and injected into irradiated recipients. The results are 
shown in experiment 2, Table 1. Almost all of the CFU,,, of C3H 
bone marrow was recovered in the la` fraction. The apparent 
activity of the la* fraction (line 8) can be accounted for by 
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Table 1 Effect of anti-la alloantiserum on CFU „obtained from mouse 
bone marrow 








Expt I: negative selection with anti-la antiserum and complement 


Volume per 


10° cells Spleen colonies per 


Antiserum (ul) 10° cells injected 
1, Normal A. TH serum 50 17.4+2.6 (14) 
2. ATH x ATL 50 16.343.5 (12) 
3. Normal rabbit serum 20 58 tIl (5) 
4. Rabbit anti-mouse brain 20 2241.7 (3) 
5. Nocells transferred O.32+0.1 (18) 


Expt 2: Positive selection using FACS to obtain la” cells 


Cells transferred Number Spleen colonies 
6. Unfractionated CBA bone mar- 100,000 -18.242.1 (9) 
row 
7, Ja negative fraction 106,000 1564+39 {8} 
8. Ja positive fraction 50,000 5.8+ 1.6 (4) 
15,000 L7+1.5 (5) 
9. Unfractionated + NRS 100.000 = 14.0+2.8 (5) 
10. Unfractionated + R anti- 100,000 4.2+2.6 (5) 
MB +C 7 . 
it. Unfractionated +R anti-MB+ {100,000 14.744.0 (5) 
goatanti-Rigincubated at 37 °C 
fori h 
12, No cells transferred Q ü04+0.2 (5) 


Recipient mice (CBA inexpt 1, C,H in expt 2) were irradiated with 750 R 
from a °°Co source and injected intravenously with bone marrow cells 
suspended in tissue culture medium. The animals were killed 9 d later and 
the spleens removed and fixed in Bouins solution. The spleen colonies 
visible on the surface were counted under a dissecting microscope at 
25 x magnification. In Expt L 10° bone marrow cells were incubated at 
4 °C with 20-50 ul of antiserum in a total volume of 250 jl. After 1 h they 
were washed twice and then incubated for 30 min at 37 °C with guinea pig 
serum diluted 1:3. The cells were then washed twice, resuspended in media 
and 10° cells injected into each mouse. A.TH x A.TL, prepared by Dr I. 
McKenzie, was obtained by Dr Marc Feldmann and had a titre of ~ 1:50 
against CBA spleen cells. R x MB was prepared as previously described 
and had a titre of 1:200 (ref. 19). It had been absorbed with mouse red 
blood cells, liver and cortical thymocytes from CBA mice. In expt 2, 107 
cells were incubated with 100 ul of antiserum in a total volume of 250 jl at 
4 °C for 30 min, washed twice and then incubated for 30 min with 50 gl ofa 
l zg ml”! solution of the fluoresceinated (Fab2’) fraction prepared by 
pepsin treatment of the total immunoglobulins of rabbit anti-mouse Ig 
serum. They were then washed twice and passed through the FACS. All of 
the FACS-passed and control cells were adjusted to 10° cells mi”! and 
incubated at 37 °C for | h before being injected into the irradiated mice. 

*Values are meanst+s.d.: number of tests performed is given in 
parentheses. 
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Table 2 Effect of heterologous antiserum to mouse Ia on the CFU,,, 
obtained from mouse bone marrow 








Expt |: negative selection with anti-la and complement 


Volume per 


10° cells Spleen colonies per 
Antiserum (ul) 105 cells injected 
i. Normal rabbit serum 50 14.8+ 1.6 (5) 
(pre bleed) 
2. ‘Anti-la’ 50 13.542.8 (5) 
3. ‘Anti-la’ absorbed with mouse 150 1461.9 (4) 
Ig on BioGel bleeds | 
4, Anti-mouse Ig 50 11.9+3.5 (5) 
5. Complement only _ 12.2 +42.6 (6) 
6 Noels 22220220220 2.2, 2. - 0.2 +40.1 (4) 
Expt 2: Positive selection 
Cells transferred Number Spleen colonies 
7 Unfractionated CBA bone mar- 100,000 9 12.7+3.1 (5) 
row 
8. “Anti-la’ negative cell 100,000 = 17.3442 (4) 
9, ‘Antila positive cell 100,000 5.12.7 (4) 
10. Nocells °°, 0 


Condition as for Table |. The ‘anti-la antiserum’ after exhaustive 
absorption with insolubilised Mig stained ~ 35%% mouse spleen cells and 
~ 5°. of mouse bone marrow cells at a dilution of 1:20 when developed 
with a fluoresceinated goat anti-rabbit Ig serum (Fab2’). 


contamination of the la* fraction with Ia~ cells. The sorter was 
adjusted so that positive cells were excluded from the negative 
fraction but many cells which lacked Ia antigen were included in 
the la positive fraction. 

Most of the studies of human ‘la-like’ antigens on human cells 
have used heteroantisera against fa. Since these sera recognise only 
the non-polymorphic subunit’ it is possible that only this portion 
of the molecule is present on the stemcells. They would thus escape 
detection by the alloantiserum used in the experiments reported in 
Table 1. To obviate this we have prepared a heterologous 
antiserum to mouse la antigens by injecting immunoprecipitates of 
la-alloanti-la complexes (precipitated with rabbit anti-mouse Ig) 
into rabbits. After four injections at 2-week intervals a serum was 
obtained which seems to contain anti-la antibodies. This serum, 
after exhaustive adsorption with insolubilised mouse Ig reacts with 
the majority of the Ig* cells of the spleen and bone marrow and also 
stains some Ig” cells from both organs. A detailed report of its 
properties will be presented elsewhere. Its effect on the mouse bone 
marrow cells which produce spleen colonies is shown in Table 2. 
In the first experiment the serum was added to CBA bone marrow 
cells with an effective source of complement and in the second 
FACS-separated C,H cells were injected: 19.6% of the cells are 
antigen positive compared with a background of 12.8% with 
normal rabbit serum (Fig. 16). The results indicate that the cells 
identified by this heterologous antiserum to mouse la antigen are 
not CFU,,. The serum does not kill CFU,,, and essentially all of the 
CFU are recovered in the ‘Ia’ negative fraction. 

If these results can be generalised to man, it would seem that the 
cells recognised by the anti-‘Ia’ sera in human foetuses andin AML 
are not related to the most immature haematopoietic elements. 

la antigens may only be expressed on progeny of these cells: cells 
which are already committed to either the lymphoid or myeloid cell 
lineages. Preliminary observations in man suggest that both la* 
and la~ populations do contain myeloid precursors which form 
colonies when grown in vitro in semi-solid media (CFU;.))7° (G.J., 
X. Francis and M.F.G., unpublished). The basis for this hetero- 
geneity has not been established but it seems possible that it is a 
consequence of the presence of cells of different degreesof maturity 
in the CFU,,, population. i 

Alternatively, it has been suggested that the expression of 
human la-like antigens is cell cycle dependent. CFU w in the mouse 
are not a mitotically active population. It is thus possible that 
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multipotential stem cells when driven into cell division might 
express la antigens but the resting cell normally present in the bone 
marrow seems to lack this antigen. 
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Absence of suppressor cells from rats 
bearing passively enhanced kidney allografts 


LymMpHoOcyTES which inhibit the immunological responses of 
other lymphocytes are known as suppressor cells, and such 
cells have been shown to mediate both specific and non- 
specific unresponsiveness in many experimental situations’. 
In the context of allotransplantation, Kilshaw et al.“* have 
found that the highly strain-specific unresponsiveness to 
skin allografts induced in adult mice by pretreatment with 
donor strain tissue extract and Bordetella pertussis vaccine, 
followed by a short post-operative course of antilymphocyte 
serum (ALS), is at least in part mediated by thymus- 
dependent lymphocytes. Thus, transfer of 25-100 x 10° 
spleen cells (optimally the lower dose’) from mice in the 
stable phase of unresponsiveness into ALS-treated syngeneic 
recipients established a long-lasting unresponsiveness to 
donor strain skin grafts in up to 50% of recipients. Because 
the nature of the mechanisms of immunological enhance- 
ment of kidney allografts in rats remain unclear! we have 
carried out cell transfer experiments similar to those of 
Kilshaw et al. in order to discover whether suppressor cells 
also play a part in mediating the stable phase of the en- 
hanced state. Fabre and Morris’? have previously failed to 
transfer unresponsiveness with spleen cells from rats with 
enhanced kidneys, but it is possible that transfer of cells to 
normal, syngenei¢ rats—as in their experiments—is an 
insufficiently sensitive method for detecting suppressor cells. 
Our results show that it is unlikely that suppressor cells or 





auto-anti-idiotype antibodies are responsible for the steady ` 


State of enhancement. A more likely explanation involves 
the inductién of unresponsiveness by the continuous ex- 
posure of the recipient to histocompatibility antigens in the 
absence of Ia-like antigens—the latter determinants being 
obligatory requirements for the activation of T cells ‘help- 
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Fig. 1 Survival of AUG skin grafts in ALS-treated AS males 
following transfer of spleen and lymph node cells from normal 
AS female rats or female AS donors that had received passively 
enhanced Fl kidneys 5-9 months before (experiment 1). Cells 
were injected i.p. on day 10, ALS s.c. on days 1, 3 and 6 (arrows). 
ALS dose, 4 ml per rat per injection: 8 rats per group. a, Re- 
ceived 175x10 cells from donors with enhanced Kidneys. 
b, Received 25 x 10* cells from donors with enhanced kidneys. 
c, Received 175 x 10° cells from normal donors matched for age 
and sex. d, Received 25  10%cells from normal donors matched 
for age and sex. e, ALS controls. 


ing’ both potentially reactive B cells and T cells capable 
of differentiating into killer cells, 

Passive enhancement of (AS x AUG)F; kidneys trans- 
planted orthotopically to AS strain recipients was induced 
by injecting the recipients with 0.15--1.0 ml of AS-anti-AUG 
alloantiserum. As described previously*’*, this treatment 
leads to the production of a stable unresponsiveness, the 
majority of recipients continuing to live indefinitely with 
normal or slightly raised blood urea levels. The cel] donors 
used in the three transfer experiments described here had 
been sustained by their grafts for 5-14 months, with a mean 
of 8 months. 

The design of the transfer experiments was essentially the 
same as that used to demonstrate the presence of suppressor 
cells in the long-term unresponsive mice described by 
Kilshaw er al“. Adult AS rats were grafted with AUG 
strain skin allografts on day 0: rabbit anti-rat lymphocyte 
serum (ALS), raised by two intravenous injections of 
approximately 10° AS lymph node cells, was administered 
subcutaneously to these animals either on days 2,4 and 6 or 
on days 1, 3 and 6 after transplantation (for details see 
figure legends). On day 9 or 10, lymphoid cell suspensions 
were prepared from the AS rats bearing enhanced kidney 
allografts and injected in varying numbers into the prepared 
recipients (intraperitoneally in experiment 1 and intra- 
venously in experiments 2 and 3). 

Spleen and lymph node suspensions for transfer were 
prepared by shredding the tissues with fine forceps in RPMI 
1640 medium to which 5% foetal calf serum had been 
added. The coarse suspension was then sieved and clumps 
were removed by rapid passage through a cotton wool filter 
or by allowing the clumps to settle. The resulting single cell 
suspensions were centrifuged for 10 min at 1,200 r.p.m., 
resuspended, counted and assessed for viability. 

The results were clear-cut. In experiment I, neither high 
nor low doses of mixed spleen and lymph node cells trans- 
ferred unresponsiveness, although 2/8 of the grafts in the 
high dose group exceeded the median survival time of the 
control grafts by 20-25 d (Fig. 1). High doses of normal 
cells somewhat curtailed graft survival, as might be ex. 
pected. In the second experiment (Fig. 2) only 1/11 grafts 
in the group receiving spleen cells showed prolonged but 
limited survival beyond that of the controls: in the third 
(Fig. 3) there was no difference whatever between experi- 
mental and control groups. According to the Mann-Whitney 
test there were no Statistically significant differences between 
the experimental and control group of experiments 1 and 
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2 (P = >0.05). It must be concluded that splenic suppressor 
cells do not have a significant role in mediating the stable 
phase of the enhanced state, unless we have been singularly 
unfortunate in our choice of the number of cells transferred. 
The lower dose (Fig. 1) corresponds to that giving optimal 
results in mice’, and the higher dose was intended to take 
into account the body weight differences between mice and 
rats. 

These experiments also provide evidence against the 
participation of auto-anti-idiotype immunity in the ‘steady 
state’ of enhanced kidney allografts. Binz et al.” have shown 
that B- and T-cell recognition structures have idiotypes in 
common, and that anti-idiotype antibodies will combine with 
subpopulations of T and B cells which react with the same 
transplantation antigens". Because auto-anti-idiotype anti- 
body production can be provoked in Lewis rats either 
directly by immunisation with purified natural antibody” or 
with specifically reactive autologous T cells’, or indirectly 


hy allogeneic tissue’, kidney allograft survival could 
be due to the development of auto-anti-idiotype 1m- 
munity’. Whilst auto-anti-idiotype immunity can un- 


doubtedly be induced in both mice and rats, and can cause 
a specific unresponsiveness’®, it has yet to be shown that 
this is the major mechanism which protects kidney allografts 
during the steady state of enhancement. If auto-anti-idiotype 
immunity were involved it should be possible to transfer 
the unresponsiveness adoptively with lymphoid cells, but 
our experiments show that this does not happen. Other 
evidence against the auto-anti-idiotype hypothesis is pro- 
vided by the finding that kidney allograft protection cannot 
be achieved convincingly by actively immunising AS rats 
with purified AS-anti-AUG antibody derived from enhanc- 
ing sera’, despite the fact that in this strain combination 
enhancement can be brought about with relatively small 
doses of antiserum; and by the observation that passive 
immunisation of Lewis rats with Lewis anti-(Lewis-anti-BN) 
antibody only occasionally prolongs the survival of (Lewis X 
BN)F, kidney allografts’. 

If neither suppressor cells nor anti-idiotype antibodies are 
primarily involved in mediating the stable phase of the 
enhanced state. what other mechanism is likely to be 
operative? Cantor and Boyse” have shown that T lympho- 
cytes can be divided into at least two populations, one 
responding to Ta-like antigens and the other maturing into 
killer T lymphocytes with specificity for the classical histo- 
compatibility CH) antigens. The la-responsive population of 
T cells provides help both for the B cell lineage. which 
synthestses IgG antibody against the thymus-dependent MHC 


antigens’’''?. and the T-cell clones, which differentiate into 


Fig. 2 Survival of AUG skin grafts in ALS-treated AS females 
following transfer of spleen cells from female AS donors that 
had received their passively enhanced Fi kidneys 5-8 months 
before (experiment 2). Cells injected i.v. on day I0, ALS s.c. 
on days 1, 3 and 6 (arrows). ALS dose, 1.0 ml per 50 g body- 
weight per injection: 11 rats per group. a, Received 200 x 10° 
cells from donors with enhanced kidneys. 6, ALS controls. 
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Fig. 3 Survival of AUG skin grafts in ALS-treated AS males 
following transfer of spleen cells from male AS donors that had 
received their passively enhanced FI kidneys 9-14 months before 
{experiment 3). Cells injected i.v. on day 9, ALS s.e. on days 
2, 4 and 6 (arrows). ALS dose, 1.0 ml per 40g body weight 
per injection. a, Received 200x 10° cells from donors with 
enhanced kidneys (11 rats). b, ALS controls (13 rats). 
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killer T lymphocytes with specificity for H-type antigens 
Because kidneys contain little or no la-type antigen”, and 
long-surviving allografts must be devoid of donor-type 
passenger leukocytes, during the steady state of enhance- 
ment the recipient is exposed to a continuous presence of 
H-type antigen in the absence of stimulation by Ta. We 
postulate that this exposure not only fails to provoke im- 
munity but also induces cumulatively a specific non- 
reactivity of the T and B precursor cells which, if provided 
with ‘help’, would normally have differentiated into T killers 
and antibody producers, respectively, with specificity for 
H-type antigens. 

In keeping with this hypothesis is the finding that pre- 
treatment of rats with allogeneic platelets leads to sup- 
pression rather than activation of humoral immunity”, for 
platelets possess H antigens but lack fa. Consistent de- 
pression of killer T lymphocyte generation after platelet 
injection was not observed, but only a limited number of 
dose schedules have so far been examined. Because pro- 
longed kidney allograft survival has been observed after 
pretreatment of recipients with platelets’, and Wagner and 
Nossal have shown that cellular immunity generated in 
vitro can be specifically suppressed by allogeneic membranes 
provided that high doses are added to the cultures, the 
question of dosage effects in vivo clearly needs further 
examination. 

It has been suggested that induction of enhancement is 
due to the opsonisation of antigen-reactive cells by antigen- 
antibody complexes and their subsequent removal through 
phagocytosis”. The maintenance of the steady state by this 
mechanism would require the continuous production of 
anti-donor antibody. Because the amount of antibody re- 
quired for maintenance (as opposed to induction) may be 
quite small our transfer experiments do not necessarily 
exclude this possibility. . 
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HLA restriction of cell-mediated lysis 
of influenza virus-infected human cells 


Murine T lymphocytes that mediate the lysis of virus- 
infected cells show specificity both for the viral cell surface 
antigens and for the H-2K or D antigens of the major histo- 
compatibility complex'~*. The cytotoxic T lymphocytes and 
the target cell must share H~2K or D products. The experi- 
ments reported here demonstrate that there is a similar 
requirement for partial HLA identity between human cyto- 
toxic lymphocytes and influenza virus-infected target cells. 
The viruses used in this study were influenza type 
A/X31 (A:/Hong Kong/68 x As/PR8 (H3N2) and type 
B/Hong Kong (B/Hong Kong/1/73). H-2 compatibility 
has ‘been shown to be required for T-lymphocyte-mediated 
lysis of influenza virus-infected target cells in mice’™®. 
Although there was no cross reaction between type A and 
B influenza viruses, type A viruses with serologically 
distinct surface proteins were found to cross react both at 
the level of secondary induction of cytotoxic cells and in 
the recognition of infected target cells’™*. Consequently, we 
anticipated that deliberate immunisation of the human 
volunteers studied would not be necessary, because nearly 
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all adults have been infected with some influenza viruses of 
the A group. Similarly, most would have been exposed to 
viruses of the B type. The individuals studied were there- 
fore asked only to give venous blood samples. 

Influenza viruses grown on chick allantoic membranes 
were used to infect peripheral blood lymphocytes, prepared 
from heparinised blood by centrifugation on Ficoll- 
Hypaque. These cells were exposed to virus and after a 
further 4-h incubation they could be lysed by rabbit antibody 
to type A influenza virus and complement and therefore 
expressed viral antigens on their surface. Such infected 
cells served as stimulator cells for in vitro sensitisation or 
target cells for cell-mediated lysis (CML) (ref. 10). A 
similarly infected lymphoblastoid cell line (PGF) was also a 
good target. 

Cytotoxic cells could be generated by sensitising peri- 
pheral WBC with influenza virus-infected autologous cells, 
in vitro, for 5-8d at 37°C. Cell-mediated lysis was then 
assayed for 5h on a panel of freshly prepared peripheral 
blood lymphocytes which were virus-infected and ™Cr- 
labelled. These conditions were found to be optimal in 
preliminary experiments with killer target cell ratios of 
4): 1 or 50:1, After sensitisation with influenza virus type 
A/X31 or B/Hong Kong, peripheral blood lymphocytes 
from J.D. and F.W. killed infected autologous cells, and 
cytotoxicity was specific for the immunising virus type A or 
B (Table 1). C.W. cells could be sensitised to A/X31 but not 
to B/Hong Kong which may indicate that C.W. had not 
been previously exposed to the B/Hong Kong virus. Other- 
wise it was apparent that previous exposure to virus in vivo 
had resulted in immunological priming or, less likely, that 
the cytotoxicity generated in vitro represented a primary 
immune response. Freshly prepared peripheral blood 
lymphocytes showed no cytotoxic activity towards infected 
cells and therefore a period of sensitisation in vitro was 
essential. The finding that sensitised J.D. and F.W. cells 
showed specificity for the virus used for sensitisation only, 
also confirméd this observation. 

The infected target cells used in the cytotoxic assay had 
been incubated long enough to express viral antigens at the 
cell surface. Zweerink and Askonas (unpublished data) 
have shown in the mouse, that this was required before 
influenza-infected cells could be lysed by cytotoxic T 
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Table 1 Human cytotoxic lymphocytes show specificity for influenza virus type A or B 


Menemen aeneae a n r R a a pti ose, 


Sensitised to 


% *'Cr release* from target cells infected with 


Cell donor influenza type A/X31 B/Hong Kong Uninfected 

J.D. A/X31 36.0 20.2 18.2 
B/Hong Kong 27.3 37.0 18.4 

Medium control 21.0 19.5 15.5 
F.W. A/X31 35.5 21.3 15.5 
B/Hong Kong 20.5 35.4 15.5 

Medium control 16.0 17.7 15.1 
C.W. A/X31 52.8 13.1 10.3 
B/Hong Kong 29.4 19.4 11.3 

Medium control 16.7 9.9 10.5 





*% *'Cr release = (counts released by target cells/counts released by 2.5°% Triton X-100) x 100. **Cr-release assay was carried out in triplicate 
in microtitre IT plates’ using 10° virus-infected *'Cr-labelled peripheral blood lymphocytes and 5 x 10° immune cells. Incubation was for 5 h. 

Target cells were’prepared on the day of the CML assay by infecting peripheral blood lymphocytes with influenza virus type A/X31 or 
B/Hong Kong (see below). Target cells were radiolabelled by the addition of 100 pCi “Cr during the period of infection (90 min), excess *'Cr 
was removed by washing cells three times and incubation was continued for 4 h at 10° cells mi~ in RPMI 1640 medium-10° FCS. J.D. and 
F.W. were each tested against autologous target cells, and C.W. against HLA compatible target cells. Human peripheral blood lymphocytes were 
prepared from heparinised venous blood by centrifugation on F icoll~Hypaque. The cells at the interface were collected and the red blood cells 
lysed by a 20-min incubation with Tris-buffered 0.75%% ammonium chloride at 37 °C. The cells were then washed three times in RPMI 1640 
medium (containing 25 mM Hepes buffer, 200 mM glutamine, penicillin and streptomycin). An aliquot of 3 x 10° lymphocytes was incubated in 
0.2 mi with 100 HA units of influenza virus (A/X31 or B/Hong Kong) at 37 °C for 90 min. After a single wash the cells were incubated for 4h at 
37 °C in 3 mi of RPMI 1640 medium containing 10° foetal calf serum (FCS). They were then washed three times and added to the remaining 
uninfected peripheral blood mononuclear cells at a ratio of 1:20. The cells were incubated at 10®ml~? in 4-ml volumes in Bijou bottles (Sterilin) 
in RPMI 1640-10% FCS for 5-8 d at 37 °C in 5% CO, air. 
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Table 2 Human cytotoxic lymphocytes show specificity for HLA 
% Lysis of influenza A/X31-infected target cells* 


Cytotoxic cell 


J.D. 
(3, 7, W2/2, 7, W2) 
C.W. (9, 7, W2/9, 7, WI) 43 
F.W. (1, 8, -/1, 8, W3) 6 


F.P. F.W. 

(3, 7, W2/1, 8, -) (1, 8, ~/1, 8, W3) 
30 5 
16 23 





C.W. and F.W, peripheral blood lymphocytes were sensitised to their own lymphocytes infected with influenza type A/X31, and were then 
tested for cytotoxicity against the influenza type A/X31-infected target cells shown. The HLA types are shown for each individual in the sequence 


A, B, D/A, B, D. 


ae 5Cr release — medium control “Cr release 
vo LYSIS = 


lymphocytes. Similarly, sensitised human cells failed to lyse 
autologous cells exposed to ultraviolet-irradiated virus’. 
Having established that cytotoxic cells show virus speci- 
ficity the possibility that their activity is HLA-restricted 
was explored. HLA A, B and C typing was carried out by 
the standard Terasaki-NIH microcytotoxicity technique. 
` All the individuals studied had also been typed as normal 
panel blood donors, for B cell (la) alloantigens by sera ex- 
changed in the UK regional workshops? and Seventh 


me e od 


we oe e n e e A n y 


a] 
att] 
rw D1 


Fig. 1 HLA restriction of cell-mediated lysis of influenza type 
A/X31-infected cells. C.W. peripheral blood lymphocytes were 
sensitised to autologous lymphocytes infected with influenza type 
A/X31, and tested for cytotoxicity against the target cells shown. 
Results shown as percentage lysis (see legend to Table 2) in the 
left-hand side of the figure. The degree of HLA compatibility is 
shown on the right-hand side of the diagram. Sharing of HLA 
DW2, or B7, C-. A9 is represented by diagonal hatching either 
as one haplotype (top half only) or two haplotype compatibility 
(both halves). Sharing of HLA DWI is shown by cross-hatching. 
The HLA A, B, D types of the target cells were C.W.: (auto- 
logous target). 9(W24), 7, W2/9 (W24), 7, WE; M.K.: 3, 7, W2/3, 
7, W2; LD.: 3, 7, W2/2, 7W2; *P.G.F.: 3, 7, W2/3, 7, W2; 
G.G.: 2, 3, 7, WH, -, W2; F.P.: 3, 7, W2/1, 8, ~; S.L.: 9(W24), 


*P.G.F. was a lymphoblastoid cell line, donated by Professor 
W. F. Bodmer. 


00 


International workshop. The D locus types thus assigned are 
those of the UK groups which have been found to cor- 
relate with the D specificities defined by mixed lymphocyte 
typing". The DWI-3 terminology of the Sixth Workshop” is 
therefore retained. 

Effector cells specific for influenza type A/X31 were 
generated from C.W. (HLA 9,7,W2/9,7,WI) and F.W. 
(HLA 1,8,W3/1,8,-) and these were tested against virus- 
infected target cells prepared from C.W., F.W. and F.P. 
(HLA 3,7,W2/1,8.-) (Table 2). Cytotoxic cells from each 
individual killed the autologous or partially HLA-matched 
cells but not the HILA-incompatible cells. Each target cell 
population tested was lysed by at least one effector, which 
excluded the possibility that a target might be inadequately 
infected. 

This HLA restriction was explored further using C.W. as 
the effector cell. C.W. lymphocytes sensitised to A/X31 
virus were tested against A/X31 virus-infected peripheral 
blood lymphocytes from 15 individuals, and one lympho- 
blastoid cell line (P.G.F.). Figure 1 shows the lysis and 
its correlation with the degree of HLA compatibility 
between the target cells and C.W. Infected lymphocytes 
which shared HLA B7 with C.W. were killed—mean per- 
centage lysis 38.1+1.9 s.e.m. Targets that lacked HLA B7 
showed minimal lysis; mean 9.0% +2.6 s.e.m. This difference 
was highly significant: (Students’ ¢ 10.8 P <0.0001). When 
the target cells shared HLA A9 (W24) or the D locus 
products DWI or DW2 only, lysis was not observed. 

It is therefore apparent that sharing of HLA B7 with the 
effector cell was sufficient to allow lysis, whereas sharing of 
the A or D locus products with C.W. was insufficient. 
Because it was not feasible to test each target-cell prepara- 
tion with its autologous sensitised cells, with the excep- 
tion of F.W. (Table 2), it is theoretically possible that only 
the HLA B7 positive cells were adequately infected. In 
previous experiments, however, sensitised cells from eight 
individuals who were HLA B7 negative lysed autologous 
influenza A/X31 infected target cells, so that the infection 
of cells is reproducible. 

These findings therefore extend to the human the original 
observations of Zinkernagel and Doherty” that, in the 
mouse, lymphocyte-mediated lysis of virus-infected cells is 
restricted by the major histocompatibility complex. This 
phenomenon is associated with the H~2K and D products 
which are chemically homologous to HLA A and B anti- 
gens“, It is therefore appropriate that the restriction in- 
volves HLA B in man and that HLA D, which is 
probably equivalent to the H2 I region, was not involved. 
It is not clear why in the one pair tested, sharing of the A 
locus antigen A9 (W24), did not allow lysis. Goulmy et al.” 
have found, however, that a human (female) cytoxic cell 
population sensitised to the H-Y antigen killed targets that 
shared an HLA A antigen. It seems, therefore, thas HLA B 
and A are functionally equivalent to H-2K and D. 
Failure to observe lysis when HLA A9 (W24) was shared 


might therefore be an effect specific to influenza antigen. 


Alternatively, the A9 (W24) type might include sub- 
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groups that, although serologically related, might not 


behave as an identical pair in target-cell recognition. This 


would be analogous to the failure of H-2” mouse cytotoxic 
cells to recognise target cells that share the mutant H-2™ K 
antigen”. Indeed, if such mutants are common in the human 
population, apparent HLA homozygotes that are really 
wild x mutant HLA heterozygotes would lyse a larger 
selection of target cells than true homozygotes. 

The HLA types of the individuals used as cytotoxic cell 
donors show linkage disequilibrium. The haplotypes A1-B8- 
DW3 and B7-DW2 occur in Caucasian populations at fre- 
quencies that are much greater than would be expected 
from the gene frequencies of the individual antigens”, This 
means that, if the recognition of target cells involves genes 
closely linked to HLA-B, these are likely to be the same 
when killer and target cells share an HLA haplotype. This 
is another possible explanation for the lack of killing when 
HLA A9 (W24), which is not in linking disequilibrium with 
B7, was shared. 

This finding that there is HLA restriction of cell-mediated 
lysis of influenza virus-infected cells is in accord with data 
in the mouse showing that for influenza? and other 
viruses’ * there is H2 restriction. It contrasts with reports 
that human cytotoxic T lymphocytes showed no HLA 
restriction in the lysis of Epstein-Barr virus” or measles 
virus'*-infected cell lines. 
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helpful advice and encouragement. This work was 
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Human cell-mediated 
cytotoxicity against modified 
target cells is restricted by HLA 


T-cELL-mediated lysis of virus-infected target cells in mice 
is restricted by the H-2D and H~2K antigens of the major 
histocompatibility complex (MHC) in the sense that the 
cytotoxic T cells are only active against virus-infected target 
cells sharing H-2D and/or H-2K antigens with the animal 
in which the killer cells have been raised’. These findings led 
to a better understanding of the way in which the MHC 
regulates certain functions of the immune system’, and they 
have been amply confirmed by further studies in inbred 
strains of mice and guinea pig which have indicated that 
restriction by antigens of the MHC is a general phenomenon 
in the T-cell-mediated immune response’ in these species. 
Evidence for MHC restriction of the immune response in 
man, however, was lacking until it was shown that a female 
patient who had rejected a bone marrow graft from her 
HLA-identical brother, had cytotoxic cells in her blood, and 
that the activity of these cells was restricted to male target 
cells which had the HLA-A2 antigen in common with her- 
self". We show here in a more general way, that the cell- 
mediated cytotoxicity which can be raised in humans against 
‘altered self’ is restricted by the HLA-A, B and C antigens. 

It has been shown that peripheral lymphocytes from sub- 
jects who have been sensitised by skin painting with DNCB 
respond with proliferation when cocultured in vitro with 
autologous irradiated and dinitrofluorobenzene (DNFB)- 
conjugated lymphocytes’. We have investigated the genera- 
tion of cytotoxic cells in such cultures. Individuals were 
sensitised to DNCB following their informed consent, as a 
part of a clinical study of the immune response in a group 
of patients suffering from various allergic disorders, 
primarily asthma bronchiale. Within this group, subjects 
with minor disease activity gave permission to use some of 
their blood samples for a study not directly related to their 
disorder. A total of 27 subjects were examined. All showed 
contact sensitivity against DNCB. This hypersensitivity 
followed either the application of 2,000 ug DNCB dissolved 
in 50 ul acetone on the volar surface of each forearm, or 
subcutaneous injection of 25 x 10° DNFB-treated autolo- 
gous lymphocytes. All subjects were investigated 2-5 weeks 
after the sensitisation by the method described in the legend 
to Table 1. Briefly, mononuclear blood cells were mixed 
with an equal amount of DNFB-treated autologous mono- 
nuclear cells and cultured for 8d in vitro. The cytotoxic 
capacity of these in vitro restimulated cells was then in- 
vestigated on “'Cr-labelled, DNFB-treated autologous PHA- 
stimulated lymphocytes, revealing that 14 of the 27 indi- 
viduals produced cytotoxic cells against autologous DNFB- 
coupled target cells. Eight were strongly positive and of 
these, one could not be retested, and two had lost most of 
the reactivity when retested 2-3 weeks after the first in- 
vestigation. The results of retesting the remaining five in- 
dividuals against selected panels of unrelated allogeneic 
lymphocytes are given in Table 1. The panels were selected 
according to the HLA types of the sensitised individuals 
and represented various degrees of HLA disparity. Freshly 
explanted lymphocytes from the sensitised subjects had no 
direct cytotoxic activity, and we have not succeeded in 
generating DNFB-directed cytotoxic cells in vitro with 
lymphocytes from non-immunised subjects. 

It is obvious that cytotoxic activity is directed only 
against DNFB-coupled target cells. Of these, only auto- 
logous targets or targets sharing one or more HLA-A,B 
antigens with the cytotoxic effector cell were lysed, whereas 
there was no or (in two cases) only weak activity against 
totally HLA-A,B different target cells. These results show 
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Table 1 DNFB-directed CML against autologous and allogeneic DNFB-treated and untreated target cells 


(°%, Specific °'Cr-release) (Specific ®'Cr-release) 
DNFB-treated Untreated DNFB-treated Untreated 
target target target target 

Sens. donor KR*: Sens. donor VH*: HLA-AI, 2, B5, 17 

HLA-A2, B7, 40, Cw3 Targets: 

Targets: Autologous 35 0 
Autologous 66 2 Al, 2, BS, 17 35 2 
A2, B7, 40, Cw3 54 4 Al, 2, B44, w38, Cw4 36 3 
A2, B8, 17 61 l A3, 9, B5, 17, Cw2 7 — | 
Al, 3, B7, 40, Cw3 15 1 Awl9, B12 2 —2 
Al, 3, B8, 37 5 1 A25, 26, B18, w21, Cw4 2 —] 
pene 3 i Sens. donor MCT: 

Sens. donor JR*: HLA-AI, 25, B17, 18 

HLA-A2, B44, 15, Cw3 
Targets: 

Targets: Autologous 24 1 
Autologous 50 3 Al, BI? 19 l 
A2, B44, 15, Cw3 63 -~ Í Al, 10, B8 6 0 
A2, B44, 15, Cwi 46 0 A2, w24, B18, 44 19 T.F. 
A2, B8, 17 55 0 A2, w32, B40, 44, Cw2 i3 I 
Al, 3, B44, 15, Cw3 3 | A2, 11, BIS, w41, Cw3 l 2 
A3, 29, B44, 15, Cw3 3 —2 SRBC-rosetted effector cells against 
All, Bw21, 35, Cw4 4 3 autologous target (see text) 34 l 

Sens. donor OTT: 

HLA-Aw24, 26, B27, Cw2 
Targets: 
Autologous 34 3 
Aw24, 25, B27, 40, Cwl, 3 13 2 
Aw24, 26, Bwi6 13 5 
A2, Bw35, 40, Cw3 9 2 
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Mononuclear cells were isolated by Ficoll-hypaque flotation from defibrinated venous blood. Responder cells from the sensitised donors 
were resuspended to a concentration of 1.5 [0° cells mi~ in RPMI-1640 supplemented with antibiotics, glutamine and 15% pooled heat- 
inactivated human serum (‘Ned. H`). Stimulator cells were resuspended in RPMI-1640 (<25 x 10° cells mi~) and to each ml of suspension was 
added 0.1 ul of a 2%% solution of DNFB in acetone, followed by incubation at room temperature in the dark for 30 min. The DNFB-treated 
cells were washed twice, resuspended in Med. H at a concentration of 1.5 x 10° cells ml ™* and irradiated with 2,300 rad, Equal amounts of 
responder and stimulator cell suspensions were mixed and incubated in flat-bottomed tubes in 5-ml portions for 8 d at 37°C ina humidified 
atmosphere with 5%% CO,. The portions were then pooled, the cells washed once, and resuspended in fresh Med. H at a concentration of 5x 10 
Trypan-blue excluding cells per ml (effector cells). Target cells were prepared by incubating 2 x 10° phytohaemagglutinin (PHA)-stimulated 
mononuclear cells (1 ul PHA-P (Wellcome) per ml suspension of Ix 10® cells ml-t in Med. H incubated for 3 d) with 250 pCi Na2"CrO, in 
0.5 ml RPMI for 45 min at 37 °C. Some of the target cells were coupled with DNFB as described above, but five times as much DNFB was 
used per ml of cell suspension. The washed target cells were resuspended at a concentration of 1 x 10° cells mi~ in Med. H. 200 pl of the effector 
cell suspension and 100 pi of the target cell suspension were mixed in roundbottomed microtest tubes and incubated for 5 h at 37 °C. The test 
tubes were centrifuged and radioactivity in the supernatant and cell pellet was counted in a gammacounter. Target cells were incubated in 
parallel in medium alone and the *'Cr releases were calculated as percentage of “C released relative to the amount incorporated in the target 
cells at the start of the experiment. Specific “'Cr-release was expressed as (release in mixtures with effector cells)-~(release in medium alone). 
The releases in medium (control) were between. 7% and 15%. Experiments were carried out in duplicate or triplicate, and s.e.m.s. were between 


I and 3%. A reaction was considered positive when the specific release exceeded 3%. 
* Donors KR, JR and VH were sensitised by injection of autologous DNFB-treated ceils. 
t Donors OT and MC were sensitised by the application of DNCB on the skin. 


TF, Technical failure. 


Antigens in common between effector and target cells and italicised. Two cases of target cell killing not restricted by HLA-A, B, C are also 


italicised. 

that the phenomenon of MHC-restricted cell-mediated cyto- 
toxicity also applies to man. We have no unequivocal proof 
that the cytotoxicity is mediated by T cells. However, more 
than 90% of the viable cells in the washed effector cell 
suspension formed rosettes with sheep red blood cells 
(SRBC). In donor MC an SRBC-rosetted effector cell 
suspension was separated by Ficoll-Hypaque density flota- 
tion. Too few cells were found in the interphase (non- 
rosetted cells) to be tested for cytotoxic activity. The 
sedimented SRBC-rosetted cells were collected and after 
lysis of the SRBC by fresh human AB serum, the cells were 
tested for cytotoxic activity. These cells had strong DNFB- 
directed cytotoxic activity (Table 1). 

In the three cases where the effector cell donor was HLA- 
A2, most of the reactivity could be explained by preferential 
restriction by A2 alone. In fact, the experiments involving 
this antigen gave the highest specific releases. This might 
suggest that there is a hierarchy of antigenecity among the 
antigeneic determinants produced by DNFB treatment, in 
the sense that one HLA antigen conjunction, when avail- 
able, is preferred to the other possible conjunctions. 
Preferential restriction by only some of the MHC antigens 
available has been seen in several mice", and might be 


caused either by properties of the MHC antigens themselves 
or by immune response genes, Whereas the first possibility 
seems most likely in the present case (particularly the A2 
antigen may have a unique role in cytotoxicity), evidence 
has been presented which evokes Ir genes in the mice 
systems*’’, Only some of the sensitised donors generated 
DNFB-directed cytotoxicity detectable by our in vitro 
system. The successful cases could be fortuitous results of 
a complex multifactorial interaction, but it is possible that 
a major factor of genetically determined immune respon- 
siveness may have a role. Further studies are needed to 
clarify these questions, which have obvious implications for 
our understanding of the maintenance of MHC poly- 
morphism. | 

The two cases of non HLA-A, B, C restricted target cell 
killing (if not technical artefacts) could be explained by 
(1) cytotoxicity exclusively directed against DNFB; (2) 
DNFB treatment may make target cells liable to killing by 
cytotoxic effector cells of any specificity; (3) cytotoxicity 
could be directed against DNFB-‘modified’ common cell- 
surface components other than the known HLA-A,B,C 
antigens; and (4) cross reactions between DNFB-‘modified’ 
HLA-A, B, C antigens which are not necessarily revealed by 
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the known serological cross reactions between HLA anti- 
gens. The first two possibilities seem unlikely in view of the 
many negative reactions with DNFB-treated target cells 
shown in Table 1. 
The DNFB-directed cytotoxic activity could be induced 
in vitro only in lymphocytes from sensitised donors, whereas 
alloaggressive cytotoxicity is easily induced after primary 
sensitisation in vitro’, This presumably reflects the phenom- 
enon emphasised by Simonsen”, that the number of antigen- 
sensitive cells primarily reactive against allotypic MHC- 
antigens in an unsensitised organism is much greater than 
that of cells primarily reactive against other antigens. 
The main purpose of the present study was to investigate 
whether the phenomenon of MHC-restricted cell-mediated 
cytotoxicity applies also in man. Having shown that this 
is the case, work is now in progress to help resolve some of 
the new questions raised. Moreover, it seems likely that 
studies of contact hypersensitivity diseases with modifica- 
tions of the present technique could elucidate the patho- 
genesis in these disorders. 
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Conventional calcium channel mediates 
asynchronous acetylcholine 
release by motor nerve impulses 


STIMULATION of the motor nerve, in addition to producing 
the synchronous, impulsive release of acetylcholine (ACh) 
that is recorded electrophysiologically as the endplate poten- 
tial (e.p.p.)', also elicits a delayed, asynchronous discharge 
of ACh quanta that appears as increases in miniature end- 
plate potential (m.e.p.p.) frequencies’™*. The synchronous 
release of ACh is mediated by the movement of Ca** 
through specific conductance channels activated by 
depolarisation of the motor nerve ending (for reviews see 
refs 1, 5 and 6). Although asynchronous release is dependent 
in some fashion on extracellular (Ca’*) (ref. 4) there seems 
to be a controversy as to the precise nature of the ionic 
pathway responsible for this dependence. For example, 
although it has been suggested that asynchronous evoked 
release is mediated by residual Ca*” that enters through the 
traditional Ca** conductance pathway’, results with Mg’* 
have suggested the contrary‘. Specifically, it has been shown 
that Mg’*, rather than antagonising the asynchronous 
release of ACh in Ca’* solutions, (as would be expected if 
Ca?* moved through the same conductance pathway for 


both forms of release’™"°), actually enhanced the asynchro- 


nous discharge of ACh quanta’. The present study investi- 
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gated the effects of the conventional Ca** antagonists, Co** 
and Mg’*, on the asynchronous evoked release of ACh. The 
results demonstrate that after brief, repetitive stimulation, 
both ions competitively antagonise asynchronous ACh 
release in a manner similar to their respective antagonism 
of synchronous release". We conclude that Ca’* sup- 
ports both dispersed and synchronous ACh release through 
the same conductance pathway. 

Experiments were carried out using isolated nerve- 
cutaneous pectoris preparations of the frog, which were 
bathed in normal Ringer solution of the following composi- 
tion (mM): NacCl115, KCI2, NaHCO;2 and CaCl. 1.8 
(pH 6.8-7.2). Neostigmine methylsulphate (I ug mi’) was 
added to all solutions to increase the size of the m.e.p.ps. 
In most experiments, after an initial wash in normal Ringer, 
400 mM glycerol was added to the normal Ringer (glycerol 
Ringer) and the preparation bathed in glycerol Ringer for 
ih. When the preparation is returned to normal Ringer 
after glycerol treatment, the transverse tubule system of 
the muscle ruptures’’. This procedure allowed evoked ACh 
release to be studied in a full range of Ca** concentrations 
without fear of dislodging the recording electrode mech- 
anically from the interior of the muscle fibre. Intracellular 
recordings were obtained from endplate regions using micro- 
electrodes filled with 3M KCI (resistances ranging from 
10-25 M2s. The signal from the microelectrode was fed 
into a conventional preamplifier (W. P. Instruments) and 
then in parallel into an oscilloscope (Tektronix model 
S5103N) and a pen recorder (Brush-Gould model 220). 
M.e.p.p. frequencies were measured from pen records. In 
the presence of Ca’*, stimuli were delivered to the motor 
nerve at a frequency of 20 Hz (for 0.5-5 s) and the evoked 
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Fig. 1 Competitive antagonism of Ca?*-mediated asynchronous 
release by Co**. Stimuli were delivered at 20 Hz for 800 ms (4). 
The preparation was pretreated with glycerol Ringer. Evoked 
m.e.p.p. frequencies were determined during the 4-s period im- 
mediately after nerve stimulation. All figures are photographs of 
pen recorder traces. a, Normal (1.8 mM Ca**) Ringer. During 
nerve stimulation large e.p.ps are produced (which are super- 
imposed on the underlying depolarisation produced by residual 
ACh). After nerve stimulation, a residual discharge of individual 
m.e.p.ps occurs. For a, b and c, resting m.e.p.p. frequency was 
2s~!. Constancy of resting m.e.p.p. frequency was maintained 
by adding appropriate amounts of sucrose to the Ringer solution. 
In a the m.e.p.p. frequency after stimulation was 4.4 s7'; b, 1.8 
mM Ca?* -+0.5 mM Co?* Ringer, note the antagonism of both 
e.p.p. amplitude and evoked | m.e.p.p, discharge by Co**. M.e.p.p. 
frequency after stimulation 2571; c, 7.0 mM Ca®* +0.5 mM Co** 
note partial surmounting of Co?*-induced depression by in- 
creasing the [Ca?* ]. M.e.p.p. frequency after stimulation 3.1577. 
In this experiment, 9.0 mM Ca?* +0.5mM Co*? Ringer produced 
a matching evoked m.e.p.p. discharge to that produced in normal 
inger, 
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Fig. 2 Antagonism of Ca?*-mediated, asynchronous release by 
Me?+. The preparation was pretreated with glycerol Ringer. 
Stimulation (A) was delivered at a frequency of 20 Hz for 1s. a, 
1.8 mM Catt Ringer resting m.e.p.p. frequency, 2.4 s71, evoked 
m.e.p.p. frequency, 5.987; b, 1.8 mM Ca?? +10 mM Mep?* 
Ringer, resting m.e.p.p. frequency, 3.9 s71 evoked m.e.p.p. fre- 
quency, 4.1 s, note the antagonism of evoked m.e.p.ps by Mg**; 
c, 6.25 mM Catt +10 mM Mg** Ringer, resting m.e.p.p. fre- 
quency, 5.8 s~ evoked m.e.p.p., frequency 11.657}. Antagonism 
was surmounted by increasing the [Ca**]. For further explana- 
tion, see Fig. 1. 


m.e.p.p. frequencies measured for the 4-s period after 
stimulation. During stimulation, a large depolarisation of 
the postsynaptic membrane (produced by inadequate 
removal of the enormous quantities of ACh poured into the 
synaptic cleft) drove the recorder pen off the scale (see, 
for example, Figs 1 and 2). To ensure faithful counting of 
m.e.p.p. frequencies during repolarisation after stimula- 
tion, either (1),one output of the recorder was differentially 
biased with respect to the other, so that when the pen had 
moved off the scale on the lower part of one channel, it 
appeared on the scale at the upper part of the other 
channel or (2), the output terminal of the a.c.-coupled 
oscilloscope amplifier was fed directly into the recorder. 
Figure 1 illustrates a typical experimental result from a 
preparation pretreated with glycerol Ringer. In Fig. la, 
repetitive nerve stimulation in normal Ringer (1.8 mM Ca’*) 
produced e.p.ps superimposed on a depolarising membrane 
potential and a residual discharge of m.e.p.ps after the 
stimulation period. In this trace, the m.e.p.p. frequency in- 
creased from a resting level of 2 s` to approximately 4.5 s~? 
after stimulation. The addition of 0.5 mM Co** to normal 
Ringer (Fig. 1b) depressed the e.p.p. amplitude and fully 
antagonised the evoked discharge of m.e.p.ps. Increasing 
the extracellular Ca?‘ to 7.0mM in the presence of Co** 
(Fig. 1c) enabled the antagonism of both the e.p.p. ampli- 
tude and evoked m.e.p.p. frequency to be overcome. In 
this experiment, a concentration of 9.0 mM Ca™ was 
necessary to produced an evoked discharge of m.e.p.ps 
that matched the control response (Fig. la) Note 
that in this experiment, changes in the resting m.e.p.p. 
frequencies (as a consequence of tonicity changes of the 
various Ringer solutions) were prevented by the addition of 
appropriate amounts of sucrose to the Ringer. In several 
experiments it was possible to construct a log dose-response 
curve for Ca?*-evoked m.e.p.ps and to observe a parallel 
shift in this curve in the presence of Co**. This suggests 
that Co”* acts as a competitive antagonist of asynchronous 
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release™”, much as it does for synchronous release’. The 
equilibrium dissociation constant (Ka) for Co** as a com- 
petitive antagonist of asynchronous release can be cal- 
culated as follows*™ 

Ka = ((Ca:/Ca)—1)” [antagonist] (1) 
where Ca, is the [Ca] that produces a certain evoked 
discharge of m.e.p.ps and Ca, is the [Ca] that produces 
an identical evoked discharge of m.e.p.p.s in the presence 
of the antagonist. In four experiments in which the resting 
m.e.p.p. frequency remained essentially unchanged, the Ka 
for Co’* ranged from 0.10 to 0.15 mM with a mean for all 
experiments of 0.13 mM. This value compares favourably 
with the reported values of Co** as an antagonist of syn- 
chronous release (0.07 mM (ref. 10), 0.18 mM (ref. 14) ) sug- 
gesting that both forms of release may share a common 
conductance pathway. 

Further evidence in support of this contention was pro- 
vided by experiments using Mg’*. In the experiment shown 
in Fig. 2, stimulation in normal Ringer after glycerol treat- 
ment produced a large increase in m.e.p.p. frequency from 
a resting level of 2.487! to 6s" after stimulation. Addition 
of 10 mM Mg”*, although causing a slight increase in resting 
frequency to 3.98” (presumably because of increased 
tonicity of the Ringer), fully antagonised the evoked dis- 
charge of m.e.p.ps. Increasing the [Ca] to 6.25 mM, 


Fig. 3 Slow increases in m.e.p.p. frequency evoked by prolonged 
(40 s) stimulation at 50 Hz in 10 mM Mg?* Ringer. Upper trace, 
control m.e.p.p. frequency, 0.5 s~; Middle traces, m.e.p.p. 
frequencies at indicated times after starting stimulation. Spikes 
on baseline indicates stimulus artefacts. Lowest trace, m.e.p.p. 
frequency immediately after stimulation, 6 s~!. Note that a dis- 
cernable increase in m.e.p.p. frequency begins only after 18 s 
of stimulation, Similar records were produced in the presence of 
1 mM Co**, 
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although further increasing the resting frequency, overcame 
the antagonism of evoked m.e.p.ps by Mg”. Experiments 
where the change in resting m.e.p.p. frequency was pre- 
vented by adding sucrose to the Ringer solutions were used 
to calculate the Ka for Mg** (equation 1). Indeed, the mean 
Ka for Mg™ is 4.6+0.2mM (mean+s.e., n=4) as an 
antagonist of asynchronous release is similar to the values 
for Mg** as an antagonist of synchronous release (4.0 mM, 
3.0mM, 4.4mM: refs 8-10 respectively). 

These results, demonstrating that Mg’* antagonises the 
asynchronous Ca*’-dependent discharge of m-e.p.ps seem 
to be at variance with those suggesting that Mg** enhances 
the asynchronous release of ACh. It is possible that the 
ability of Mg** to activate asynchronous evoked release may 
appear only after prolonged, high frequency stimulation. 
Figure 3 illustrates a representative experiment which 
suggests that this is the case. Note that it is only after 
18s of high frequency (50 Hz) stimulation in 10 mM Mg” 
Ringer that discernable increases in m.e.p.p. fre- 
quency were observed. This is in contrast to the results 
shown in Figs | and 2, where stimuli were delivered at a 
frequency of 20 Hz for a brief period (< 1 s). In the experi- 
ment of Fig. 3 m.e.p.p. frequencies were elevated from the 
control level of 0.5s`' (upper trace) to 6s™' immediately 
after 40s of stimulation (lowest trace). A concentration of 
Co** as high as I mM did not alter either the time course 
or the absolute increase in m.e.p.p. frequency produced by 
stimulation in 10 mM Mg”* Ringer. It thus seems that Ca?* 
and Mg** support asynchronous release through different 
ionic conductance channels’, 

In conclusion, the results suggest that the Ca?’-dependent 
asynchronous release of ACh by nerve stimulation is 
mediated by the same conductance pathway as synchronous 
release. It is interesting that Ba** (which does not support 
synchronous release") and Sr** (which can only poorly sup- 
port synchronous release”) both produce large discharges of 
m.e.p.ps after brief repetitive nerve stimulation. In contrast 
to Mg**, however, both Ba’ and Sr** support asynchronous 
release through the same conductance pathway normally 
traversed by Cař* in mediating the synchronous and 
asynchronous discharge of ACh quanta (ref. 18 and our 
work in preparation). 

This work was supported by a US Public Health Service 
grant and a training grant. 
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Role of prostaglandin-mediated 
vasodilatation in inflammation 


suggested that this may be the role of prostaglandins in 
inflammation. An alternative view has been proposed by Kuehl er 
al."*, who consider that since E and F prostaglandins fail fully to 
mimic inflammatory reactions, other products of arachidonic 
acid should be considered as mediators. They suggest that the 
unstable prostaglandin endoperoxide, PGG,. or a non- 
prostaglandin product of it (a free radical could be the impor- 
tant mediator. We have re-examined the mode of action of 
prostaglandins in inflammation by measuring both increased 
blood flow and plasma exudation. The results presented here 
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Fig. L Plasma exudation (upper) and local blood flow changes 


(lower) measured simultaneously in rabbit skin in response to 
various agents. In each experiment a New Zealand White rabbit was 
given an intravenous injection (approximately 15 uCi per kg body 
weight) of 3! I-labelled human serum albumin and a short-acting 
anaesthetic, methohexitone sodium (approximately 10 mg per kg). 
intradermal injections (0.1 ml) of inflammatory agents mixed with 
'*8Xe (5-10 pCi per injection) were then given into the clipped back 
skin in random-block order. After 20 min the animal was killed, 
skinned, and a 16-mm diameter punch was used to remove injection 
areas. Samples of skin, blood, and injection fluid were counted in an 
automatic y-counter. Plasma volumes of skin samples (al per 
sample) and local blood changes (°; increase above controls) were 
computed as previously described !°, u, Comparison of the responses 
produced by bradykinin (Bk) andPGE, at the doses shown. Brady- 
kinin produced exudation with little blood flow increase, Con- 
versely, PGE, produced little exudation but a large increase in blood 
flow. >, Effect of adding increasing doses of PGE, to a fixed dose of 
histamine (H, 2.5 jig)resulting in an increase in blood flow and a 
potentiation of exudation. In both a and > the shaded areas denote 
the amount of exudation produced above that produced by the 
permeability-increasing agent alone: dashed lines represent saline 
control level for both plasma volume and blood flow; single dash 
represents saline injection. Values are means +s.e.m..7 = 6. 
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Fig. 2 Four experiments showing potentiation of exudation re- 
sponses to bradykinin (Bk, 500 ng) by: PGE, (10 ng); adenosine (A, 
100 ug): arachidonate (AA, | ug); and PGG, (100 ng). Addition of | 
ug indomethacin (Indo) suppressed only the potentiation produced 
by arachidonate. Incubation of PGG, in saline at 37°C for 10 min 
(PGG,*) did not reduce its potentiating activity. Potentiation 
produced by the same dose (100 ng) of PGE, is shown for 
comparison. Values are means +$.¢.m., 7 = 6. 


suggest that the mediation of vasodilatation and increased 
vascular permeability should be considered separately. 
Prostaglandins (notably the E-type!?*:'*) mediate vasodilatation 
(although they may have some additional mast cell degranulating 
activity in the rat'S). It is this vasodilatation which is responsible 
for the potentiation of the exudation produced by other 
mediators. Our observations provide a new hypothesis for the 
microvascular mechanisms involved in the action of non-steroid 
anti-inflammatory compounds. 

Plasma exudation and local blood flow changes were measured 
in rabbit skin using the accumulation of intravenously-injected 
13! ;-albumin and wash-out of intradermally-injected '**Xe, as 
previously described '°. 

Figure la shows that intradermal injection of E-type pro- 
staglandin produced a large increase in local blood flow with little 
plasma exudation (often undetectable). Bradykinin (and his- 
tamine at larger doses), on the other hand, increased vascular 
permeability resulting in plasma exudation (for 10-15 min follow- 
ing injection'’), but they were far less potent at increasing blood 
flow. An example of the exudation-potentiating activity of pro- 
staglandins is shown in Fig. 16, which demonstrates that addition 
of increasing doses of PGE, to a fixed dose of histamine resulted 
in increasing blood flow and an enhancement of exudation. We 
have previously reported® that exudation potentiation correlates 
with the vasodilator activity of prostaglandins, and a similar 
relationship has been observed using other techniques!®. First, 
the rank order of different prostaglandins was the same for 
exudation-potentiation potency as for blood flow-increasing 
potency®, that is, PGE > PGA > PGF > PGD. Second, local 
injection of substances, other than prostaglandins, which in- 
creased skin blood flow, for example isoprenaline, ADP. and 
adenosine (see Fig. 24), also had exudation-potentiating activity". 
Conversely, substances which reduced skin blood flow, for 
example noradrenaline and angiotensin H, reduced exudation 
and blood flow in parallel’. From these results we conclude that 
prostaglandins increase histamine- and bradykinin-induced 
plasma exudation not by increasing vascular permeability, but 
by increasing vasodilatation. The exact mechanism of this ts 
not clear, but extrapolation from observations on the transport of 
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Fig. 3 a, Time course of exudation (©), and blood flow changes 
(@) produced by intradermal injection of killed B. pertussis vaccine 
(2.5 x 108 organisms per site) into an unsensitised rabbit. Responses 
varied between animals; for example exudation, mean 23,1 + 3.0 gd, 
range 3.6-71.9 yl, # = 32 rabbits (six measurements per animal). 
Abscissa is time between B. pertussis injections and following 
injections of isotopes. Exudation and blood flow were measured over a 
further 20 min period. Indomethacin (1 ug), mixed with the vaccine 
before injection reduced both blood flow increase (4) and, therefore 
(according to the hypothesis), exudation (A). b, Enhanced exudation, 
at the peak of the response to intradermal B. pertussis injection, 
produced by a further injection of either bradykinin or PGE;. 
Potentiation of exudation produced by a first injection (scale top line) 
of B. pertussis (BP) and a second injection (lower line), 60 min later, of 
bradykinin (500 ng). Exudation was measured over the following 30 
min. Thiseffect was suppressed by locally-injected indomethacin (dose 
equally divided between first and second injections). The potentiation 
produced by a first injection of B. pertussis and a second injection of 
PGE, (500 ng) was unaffected by locally-injected indomethacin, 
Values are means tse m., an = 6. 


macromolecules from blood to lymph in dog paw following 
thermal injury'®, suggest that exudation potentiation results from 
an increase in total vessel wall exchange area in the dilated 
vascular bed. 

Figure 2 shows potentiation of bradykinin-induced exudation 
by PGE,. adenosine. arachidonate?°, and PGG,. Adenosine ts 
included as an example of a non-prostaglandin vasodilator. All 
four agents produced little exudation when injected alone. Poten- 
tiation produced by PGE, (and PGE,, not shown), adenosine, 
and PGG,, was unaffected by locally-injected indomethacin; 
whereas that produced by arachidonate, the PGE, precursor (and 
similarly dihomo-7-linolenate, the PGE, precursor) was sup- 
pressed. These results are consistent with the proposition that 
indomethacin suppresses inflammatory dilatation, apid as a con- 
sequence inflammatory oedema, by preventing the production of 
a vasodilator substance via the cyclo-oxygenase pathway. Al- 
though the importance of the unstable prostaglandin en- 
doperoxide, PGG,, has been emphasised!?, it is interesting to 
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note that PGG, injected alone produced little exudation. Further- 
more, the exudation-potentiating potency of PGG, was less than 
that of PGE: and was unaffected by incubation in saline for 10 
min at 37 °C (which would leave little PGG, unchanged). This 
would suggest that the observed activity of PGG; in vivo was due 
to one ofits products. PGE2. Indeed, although injection of PGG 2 
produced a net increase in blood flow over the period measured 
(20 min), other evidence based on the time course of '33Xe 
clearance”! would suggest that the endoperoxides themselves may 
have vasoconstrictor activity. 

The results obtained using exogenous agents suggest that 
inflammation may involve the separate production of 
permeability-increasing mediators and vasodilator mediators. 
This is supported by results from experiments using intradermal 
injections of killed Bordetella pertussis vaccine in unsensitised 
rabbits. Other materials produced similar results. for example 
Zymosan, glycogen and carrageenan. Intraderma! injection of B. 
pertussis resulted in exudation and increased blood flow with a 
peak at 60-80 min (Fig. 3a). Indomethacin suppressed both 
exudation and increased blood flow (Fig. 3a). The presence of an 
endogenous vasodilator (exudation-potentiating) mediator was 
established by injecting bradykinin at the peak of the response, 60 
min after B. pertussis injection. The exudation response to 
bradykinin was potentiated (Fig. 3b) and this effect was inhibited 
by locally-injected indomethacin. The presence of an endogenous 
permeability-increasing mediator (unlikely to be either histamine 
ora kinin; T.J.W., unpublished observations) was established by 
injection of PGE, 60 min after B. pertussis injection. PGE, also 
produced potentiation (Fig. 3b) but this effect was unaffected by 
indomethacin. Thus, indomethacin inhibited the production of 
the vasodilator (exudation-potentiating) mediator(s), and not the 
production of the permeability-increasing mediator(s), 

We conclude that vascular changes in inflammatory reactions 
should be considered in terms of two types of chemical 
mediators---mediators which are predominantly vasodilators and 
mediators which are important for their vascular permeability- 
increasing activity. The amount of plasma exudation is dependent 
on the level of both types of mediators; and it follows that oedema 
can be suppressed by inhibiting the production, or action, of 
either type. Permeability-increasing mediators seem to be inde- 
pendent of the cyclo-oxygenase pathway of arachidonate (or 
dihomo-y-linolenate) metabolism. No evidence was obtained in 
support of the recently suggested!? pivotal role for PGG>: in 
inflammation the important substances derived from arachi- 
donate (or dihomo-y-linolenate) are vasodilators. probably E- 
type prostaglandins (although the recently discovered PGI. 
cannot be excluded from a similar role). Indomethacin was found 
to inhibit specifically the production of vasodilator mediators. 
Thus, we propose that non-steroid anti-inflammatory com- 
pounds reduce inflammatory oedema as a consequence of a 
suppression of vasodilatation. 

This work was supported by the MRC. We thank Professor B. 
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i) 
Ovulation in rhesus monkeys suppressed 

by intranasal administration 

of progesterone and norethisterone 


THE importance of various brain structures in the 
regulation of secretion of gonadotropins'”* and the presence 
of steroid hormones in the cerebrospinal fluid (CSF)'™* 
Suggest that a method for delivering steroids into the CSE 
might be useful in the control of fertility. Steroids can 
enter the cerebral components rapidly after intranasal 
administration and their concentrations are higher than 
after intravenous injection®. We report here that pro- 
gesterone and norethisterone given intranasally can prevent 
Ovulation in rhesus monkeys. 

Our studies were carried out between September and 
March during when almost all the monkeys in our 
colonies have ovulatory menstrual cycles. We used adult 
female rhesus monkeys (5-6 kg) which had experienced 
at least two successive ovulatory menstrual cycles of 
normal duration (20-33d) (determined by monitoring 
circulating levels of progesterone throughout the menstrual 
cycles). 

Two steroids, progesterone, a naturally occurring 
Ovarian hormone and norethisterone, a synthetic pro- 
gestogen widely used in hormonal contraception were 


Fig. 1 Effects of spraying progesterone intranasally in rhesus 
monkeys. Serum profiles of oestradiol and progesterone through- 
out the menstrual cycle are shown for one monkey representa- 
tive of each of the four treated groups. Ovulation was suppressed 
only in the monkey given 2ug d~, Black bars on x axis indicate 
menstruation. a, Control monkey no. 388; b, monkey no, 695, 
2 ug d~; c, monkey no. 690, 10 Hg d7; d, monkey no. 699, 
30 pg d=}, 
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Fig. 2 Effects of spraying norethisterone intranasally in rhesus 
monkeys. Serum profiles of oestradiol and progresterone 
throughout the menstrual cycle are shown for one monkey 
representative of each of the three treated groups. Ovulation was 
suppressed only in the monkey given 9 pg d~'. Black bars on x 
axis indicate menstruation. a, Control monkey no. 705; b, 
monkey no. 703, 3 pg d; c, monkey no. 695, 9 pg dœ, 


dissolved in a mixture of ethanol: propylene glycol : water 
(1:1:3). A constant volume (0.5 ml) of this mixture 
was put into a glass atomiser (Brovon Inhaler, Moore 
Medicinal Products Ltd), which was inserted into one 
nostril of a conscious monkey seated on a restraining 
chair. The mixture was sprayed into the nostril for 10s 
by connecting the atomiser to a nitrogen source regulated 
to deliver the inert gas at a constant pressure of 
0.25kgcm™*. Before use, each spraying device was 
calibrated to deliver the drug for 10s. The amount of 
steroid administered to each animal was regulated either 
by varying the concentration of the steroid in the solvent 
or by repeated spraying for periods of 10s. Controls were 
sprayed with the solvent alone. 

The effects on ovulation were determined by measuring 
serum levels of oestradiol and progesterone in blood 
samples taken daily throughout the menstrual cycle, as 
well as by visual observation of the ovaries after laparo- 
tomy on day 17 of the menstrual cycle. Circulating levels 
of progesterone below 2ng ml’ serum together with the 
regressed state of ovaries at laparotomy were taken as 
indicative that ovulation had been suppressed. It was 
assumed to have occurred when circulating levels of 
progesterone were greater than 3ngml"' serum and up 
to 5-6ngml', and when at the same time one of the 
ovaries was enlarged and had a newly formed corpus 
luteum. 

Among monkeys treated with progesterone, ovulation 
was always suppressed by 2 4gd™' and also in two out 
of six cases when 10 4¢d7' was given. Ovulation occurred 
in four of the six monkeys given 10 gd as well as in 
all those given 30 ug d` (Table 1, Fig. 1). 

In the monkeys treated with norethisterone, ovulation 
was unaffected by 3 ag d° but was suppressed in all cases 
when 9 or 17 ugd’ was given (Table 1, Fig. 2). 

These results show that intranasal administration of 
steroids can suppress ovulation. The two steroids had 
different effects: progesterone suppressed ovulation at the 
lowest dose but not in all animals at higher doses. Nore- 
thisterone was effective only at the two higher doses. The 
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Table 1 Effect of spraying steroid hormones intranasally during days 
5~14 of menstrual cycle 


Treatment Menstrual cycle length (d) 
ë Monkey Ovulation Untreated Treated 
~ontrols no. 
388 -+ 31 23 
630 + 25 25 
687 + 30 30 
694 + 24 23 
705* -+ 26 26 
717* 4 24 23 
Progesterone 
673 — 27 21 
Group A 688 22 29 
DD, 2ug 695* == 23 27 
TD, 20g 703* “— 26 29 
704 — 25 33 
727* a 28 31 
Group B 655 = 29 23 
DD, 10ug 690 ~f- 24 20 
TD, 100kg 695* -+ 25 24 
696* -+ 31 22 
700 ~ 30 50 
717 -4 33 27 
Group C 699 4- 25 2i 
DD, 30ug Tar” + 26 30 
TD, 300ug 728 -+ 23 26 
Norethisterone 
Group D 
DD, 3ug 703" -t 24 2i 
TD, 30ug 
Group È 
DD, 9ug 639 ~ 26 28 
TD, 90ug 696* = 24 28 
705* _ 26 28 
Group E 
DD, i7ug 396 =- 2i 113 
TD, 170g 557 — 23 65 


EE Re RT Ca eS ICE TN eNO ee Mere 
Controls were sprayed with solvent only. DD, daily dose; TD, 
total dose; +, occurrence of ovulation; —, no ovulation. 
+At least two successive ovulatory menstrual cycles of normal 
duration were observed in those animals before they were used in 
their experiments. 


different effects of progesterone is not surprising in view of 
its ability to inhibit or facilitate gonadotropin secretion 
depending on circumstances. When administered to 
monkeys after oestradiol, it inhibits the oestrogen-induced 
surge of luteinising hormone (LH)’; if given in conjunction 
with oestradiol, it significantly advances this surge’. A 
facilitatory effect of progesterone on LH secretion has 
also been demonstrated in women*’’*, In contrast, there 
is evidence that progesterone inhibits gonadotropin 
secretion and thus blocks ovulation in monkeys’ and 
women”, 
Further work is needed to explain the two dose-related, 
pharmacological effects of progesterone which we have 
observed. 
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Metalloimmunoassay 


THE disadvantages encountered with radioisotopes, such as high 
costs, health hazards, limited variety of useable isotopes, short 
shelf-life of the labelled antigens and difficulties of introducing the 
radioactive isotope on to the antigen molecule, have stimulated the 
search for non-isotopic methods in immunological work!. We 
report here on the feasibility of a novel non-isotopic system for 
immunochemical studies and its possible use in immunoassays. 
The basic concept of the new system is the use of metal atoms in the 
form of their organometallic or co-ordination complexes as 
labelling agents for haptens or macromolecular antigens. 

The extensive chemistry of transition metal-organic complexes 
developed during the past two decades should provide a rich and 
versatile source for the synthesis of ‘tailor-made’ metal-labelled 
antigens, which would be free of the disadvantages of radio 
isotopes. The metal-labelled antigens are designated metallo- 
antigens and/or metallohaptens and we suggest that the immuno- 
assay based on these reagents be called metalloimmunoassay 
(MIA). 

The basic requirements for a metalloimmunoassay are (1) 
preparation of reagents (antibodies and metallohaptens) and (2) 
development of a method for quantifying the metal content. The 
metallohapten (Ag-M) and the unlabelled antigen (Ag) react with 
the specific antibodies, according to the competitive protein- 
binding equations (1) and (2). 


= Ab-Ag + Ag-M (1) 


DORE INEM S Ab AgM FAB (2) 


After separation of the free, unbound antigen (Ag-M, Ag) from 
the antibody-antigen complexes (Ab-Ag—M, Ab~-Ag), the 
amount of metal present in the bound (B) or free phase (F) can be 
determined by suitable analytical methods such as emission, 
absorption and fluorescence spectrometry, electrochemical meth- 
ods and neutron activation. Preparation of a calibration curve 
plotted for standardised amounts of metallohapten and unlabelled 
antigen provides the means of determining the quantity of 
analysed substance in unknown samples. 

Typical examples of reagent preparations performed during 
development of a metalloimmunoassay are illustrated in Fig. 1. 
The oestrogen steroids, oestrone (Ia), oestradiol-17f (Ib) and 
oestriol-16«, 178 (Ic) were transformed in high yields ( > 80°“) into 
their respective 3-O-carboxymethyl derivatives (Ila—c), as well as 
into oestradiol-17f hemisuccinate (IVb) and oestriol- 16a, | 7B-bis- 
hemisuccinate (IVc). These carboxylic acid derivatives were used 
for the preparation of bovine serum albumin (BSA) conjugates, 
The production of antisera (in rabbits) and determination of their 
titre and specificity by free radical immunoassay? were carried out 
as described previously’, The antibodies were insolubilised by 
reaction with cyanogen bromide-activated Sepharose 4B (Phar- 
macia)* in order to provide a convenient method for separation of 
free, unbound Ag—M from the antibody-antigen complex. 

The same carboxylic acid derivatives (Ila—c and IVb-c) as well as 
the amino derivatives HI and IVa were labelled with various metal 
complexes to form the oestrogen-metallohaptens some of which 
are shown in Fig, 2. Also shown are examples of cannabinoid and 
barbiturate metallohaptens. The structures of the compounds 
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reported here were characterised by routine analytical pro- 
cedures. BSA, as a representative protein molecule, has been 
labelled with both iron and manganese complexes, in a 1:20 molar 
ratio BSA:metal complex. 

Atomic absorption spectrometry? was used for detection and 
quantification of metal concentrations in solutions containing 
metallohaptens. The use of flameless-operation instruments (Per- 
kin Elmer 403 with HGA-70 graphite furnace and In- 
strumentation 351 with 455 flameless unit and programable 
calculation data system kit 42168-02) enabled us to obtain 
satisfactory calibration curves in the metal concentration range 
2-50 ng ml". This corresponds to unlabelled hapten con- 
centrations in the range 20-500 ng ml” ', since the metal content is 
on the average about 10-20% of the molecular weight of the 
metallohapten, This concentration range is suitable for the 
detection of a relatively large number of urinary metabolites such 
as oestriol (in pregnancy urines), morphine, barbiturates, amphe- 
tamine and cocaine, without previous extraction and con- 
centration operations. But, in this early stage of development and 
given the currently commercially available atomic absorption 
spectrometers, MIA cannot be used for the detection of picogram 
hapten concentrations, as can be achieved with radioim- 
munoassays’, Further work may improve detection limits. 

Some indication of methodology can be obtained from a brief 
description of one of the procedures using reagents mentioned 
above. Standardised solutions of the iron-containing oestradiol- 
17£-succinate metallohapten, VII, in 0.01 M phosphate buffer (pH 
7.3) with 15% dimethylformamide, yielded an atomic absorption 
calibration curve, in the 0-50 ng Fe ml”! concentration range, 
with a linear regression equation y = 1.731x+42.88 and a 
correlation coefficient r = 0.9977. A Sepharose-bound anti- 
oestradiol-178 hemisuccinate antibody preparation was titrated 
with standard solutions of metallohapten, VII, Vortex-mixed., 
incubated (30 min at room temperature) and centrifuged (1 min at 
3,000 r.p.m.). 

Aliquots (20-30 jl) from the supernatant were injected into the 
graphite furnace of the atomic absorption spectrometer to 
measure the amount of free metallohapten, Ag--M. To determine 
inhibition (%) of metallohapten binding, a similar experiment was 
carried out using a constant concentration of metallohapten VII 
and increasing added amounts of unlabelled steroid IVb. With the 


Fig. 1 Outline for synthesis of oestrogen haptens, their protein 
conjugates and metallohaptens. 
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xi Fig. 2 Examples of metallohaptens. 


antisera used in this experiment and hapten concentrations of 
0.1-1 ug ml” +, a molar ratio unlabelled steroid to metallohapten 
of 1.31:1 was required to obtain about 44° inhibition of 
metallohapten binding. These and similar data demonstrate the 
feasibility of the concept and preliminary efforts to optimise the 
assay conditions have been promising. 
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Homology of (murine) H-2 and (human) 
HLA with a chicken histocompatibility antigen 


THE major histocompatibility complex (MHC) is a cluster 
of genes controlling a variety of immunological and non- 
immunological phenomena’. Membrane-bound glycoprotein 
products of the MHC genes are of two classes: molecules 
of one class consist of 44,000 MW polypeptide chain 
which is non-covalently associated with a smaller (12,000) 
chain of f-microglobulin’; molecules of the second class 
consist of two polypeptide chains of 33,000 and 28,000 


cpm:x 1077 


MW’. The MHC was originally discovered in the mouse’, 
where it is referred to as the histocompatibility—2 
or H-2 system’. Later, similar systems were described 
in man, rhesus monkey, chimpanzee, rat, dog, rabbit 
and guinea pig; and, in fact, may exist in most, if not 
all, mammalian species’. Furthermore, clusters of genes 
controlling graft rejection, mixed lymphocyte reaction 
(MLR), immune responsiveness, and complement activity 
have also been reported in the chicken’ and Xenopus’. 
It is tempting to speculate that these gene clusters 
controlling immune functions form a single evolutionary 
line from more primitive ancestral genes in lower 
vertebrates to the HLA complex in man and the H-2 
complex in the mouse’. Proof of such a relationship 
exists for the MHC of man and mouse, where the H-2 
and HLA systems show considerable amino acid sequence 
homology in both classes of molecules’. Because of the 
relative closeness of the two species (H-2 and HLA), hom- 
ology is not surprising. We have investigated whether the 
homology extends to other vertebrate classes, such as 
birds: for example, is the chicken B system a true 
evolutionary homologue of H-2 or HLA? 

Molecules isolated with the use of anti-B sera from 
chicken lymphocytes were used for amino acid sequence 


Fig. 1 SDS-PAGE of !**I-labelled B antigen precipitated from 

lysates of radioiodinated chicken splenocytes. Precipitates were 

dissolved, reduced, and electrophoresed for 16 h at 4 mA 

on 7.5° gels together with °H- and L chains. In plotting 

gel patterns, the °H markers were aligned. @, Anti-B; 
©, control, 
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Fig. 2 Comparison of the N-terminal sequences of murine H-2K*, H-2K*®, guinea pig GPLA, and human HLA-2 and HLA-7 with the 
chicken B molecule. Residues which show homologies are boxed. 


analysis. White Leghorn chickens of the SC strain (Hyline 
SC; B*B’), 1-4 months old, were killed, spleen cell sus- 
pension prepared*®, and 0.5 x 10°-—-3x 10° cells labelled with 
single amino acids as described previously*. Cells were 
lysed in 0.5% Nonidet P40 (NP40) (Gallard Schlesinger) 
(10° nucleated cells ml™') and the lysates centrifuged and 
dialysed for 16-24h at 4°C against phosphate-buffered 
saline (PBS) pH 7.3. Lysates were centrifuged and the 
acid-precipitable radioactivity determined*. They were then 
treated with rabbit antisera containing antibodies against 
chicken Ig (RACIg). Complexes were precipitated by the 
addition of goat anti-rabbit Ig (GARIg). Precipitates were 
removed by centrifugation and the supernatants treated 
with anti-B serum or normal chicken serum (control) 
and RACIg. The anti-B serum was produced by the 
immunisation of BB” chickens with B’B’ cells and was 
extensively absorbed by red blood cells to remove non-B 
activity. Precipitates were washed, dissolved, and electro- 
phoresed on 7.5% SDS-polyacrylamide gels (SDS-PAGE) 
at 4mA for 16h. Gel peaks were extracted, lyophilised, 
and subjected to automated sequencing on a Beckman 
890C sequencer using a DMAA programme’. Samples 
from the sequencer were counted in Beckman Cocktail D. 
There was no interconversion of the radiolabels, as 
judged by back hydrolysis and amino acid analysis of 
portions of the immunoprecipitates*. 

In approximately 20 separate labellings, the radio- 
activity in the anti-B precipitate represented 1-5% of the 
acid precipitable radioactivity. As shown in Fig. 1, 
analysis of the anti-B precipitates indicated the presence 
of molecules of 44,000, 26,000, and 12,000, consistent with 
previous studies of the chicken B antigens by Ziegler and 
Pink’. The 44,000 molecule presumably represents the H 
chain of the B antigen and the 12,000 molecule, the B:M 
analogue. The 26,000 MW peak, which was generally 
small and occasionally absent may represent the Ia 
analogue’, 

As shown in Fig. 2, eight assignments were made in 


cules™ "1, and two human HLA molecules”. OF the 
five residues which are identical in the first 27 residues 
of H-2, HLA, and GPLA, three (residues 3, 6, 7) and 
possibly four (residue 8) are also identical in the chicken B 


sequence. Tyr at position 27 is homologous with both 
mouse alleles and GPLA. The only definite difference is 
in the Val~Met interchange at position 12. Proline, at 
position 15, has not been tested in the chicken. Tyr, a 
tentative assignment in position 22, is homologous with 
H-2K° and Arg, in position 9, shows no homology with 
the other proteins. This is not surprising as position 9 is 
presently the most variable position in transplantation 
antigens. The high degree of homology among those 
residues shared with the human, guinea pig, and mouse 
histocompatibility antigens strongly supports the notion 
that the B system, which diverged from the H~2-HLA 
precursor 75-200 Myr ago, is the evolutionary homologue 
of H-2, HLA, and GPLA. 
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Depurination decreases 
fidelity of DNA synthesis in vitro 


DEPURINATION of DNA results from the breakage of the 
glycosidic bond between the purine base and the deoxyribose 
moiety of the purine nucleotides without disrupting the 
structural integrity of the phosphodiester backbone. 
Measurements of the rates of depurination of both synthetic 
polynucleotides and natural DNA in various conditions in 
vitro suggest that this damage to DNA is a frequent cellular 
event!. The in vivo rate constant has been estimated’ to be 
of the order of 1.8 10°°min™'. Alkylation?* and specific 
glycosidases‘* increase the depurination rate constants of 
those altered bases to 0.08-1.4 x 107° and 4.0 10°, respect- 
ively. We have therefore been concerned with the possible 
consequences which may result during replication, repair 
or transcription when the template contains unrepaired 
apurinic sites. The biological effects of depurination are not 
clear. Depurination of DNA has been equated with strand 
breakage, a potentially lethal lesion’, but other evidence 
indicates that the apurinic site may be quite stable in cells 
with a half life of up to several months’’. It is possible, 
therefore, that depurination of DNA can be a mutagenic 
event, Mutagenesis by depurination might occur either by 
an insertion of an incorrect nucleotide opposite the apurinic 
site or by a deletion at that point during DNA replication 
or repair. In view of the potentially large number of 
apurinic sites and their apparent stability, we investigated 
the effects of depurination of DNA on the fidelity of DNA 
synthesis in vitro. Recent reports suggest that modification 
of polynucleotide or DNA templates by various agents, 
including chemical carcinogens and ultraviolet irradiation, 
may affect the fidelity of DNA synthesis’. We report here 
that depurination of the synthetic polynucleotide poly 
d(A-T) results in a decrease in the fidelity of DNA synthesis 
in vitro using the DNA polymerase from avian myeloblast- 
osis virus (AMV). This is the first demonstration of a 
possible relationship between depurination and mutagenesis 
through incorporation of non-complementary nucleotides 
during DNA synthesis in vitro. 

The effect of depurination of poly d(A-T) on the fidelity 
of DNA synthesis with AMV DNA polymerase is shown 
in Table 1. Poly d(A-T) was depurinated by exposure to 
heat and acid, and the fidelity of DNA synthesis was 
measured by the simultaneous incorporation of the comple- 
mentary (a-"P-dTTP) and non-complementary CH-dGTP) 
nucleotides. With the non-depurinated template, AMV 
DNA polymerase incorporated one molecule of non- 
complementary nucleotide for every 4,060 molecules of 
complementary nucleotide. The number of non-comple- 
mentary nucleotides incorporated relative to the number of 
complementary nucleotides incorporated (error rate) 
increased in direct proportion to the extent of depurination. 
The error rate increased from 1/4,060 to 1/1,500 as a result 
of depurination (Table 1, experiment 1). 

The reaction requirements for the incorporation of non- 
complementary nucleotide with either depurinated or 
non-depurinated templates are shown in Table 2. The 
incorporation of non-complementary nucleotide was depen- 
dent on Mg’*, dTTP, enzyme and template. Elimination of 
any of these components markedly reduced incorporation 
of non-complementary nucleotide. The requirements for 
incorporation of non-complementary nucleotide are similar 
for both the depurinated and non-depurinated templates, 
and suggest that polymerisation is required for the incor- 
poration of non-complementary nucleotides. 

The effect of depurination on the rates of incorporation 
of the complementary and non-complementary nucleotides 
is shown in Fig. 1. The rate of incorporation of both 
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the complementary and non-complementary nucleotides 
were lower with the depurinated templates as compared 
with the non-depurinated template. Moreover, the rates 
were decreased in proportion to the extent of depurination. 
The coordinate incorporation of complementary and non- 
complementary nucleotides for each template suggests that 
these errors are evenly distributed during synthesis. Also, 
with each template, the incorporation of non-complemen- 
tary nucleotide relative to the complementary nucleotide 
was constant with time of incubation, so the increase in 
error rate due to depurination was not simply the result 
of diminished synthesis. On the contrary, when the time of 
incubation was varied so that net synthesis with each 
modified template was the same (Table 1, experiment 2), 
depurination caused an absolute increase in the incorpora- 
tion of non-complementary nucleotides. 

The results presented here demonstrate a possible relation- 
ship between depurination of DNA and error in DNA 
replication. The fidelity of DNA synthesis with AMV DNA 
polymerase is decreased as a result of depurination of the 
poly d(A-T) template (Table 1, experiment 1). This mis- 
incorporation is also shown to be directly proportional to 
the extent of depurination (Table 1, experiment 2). Deletion 
experiment (Table 2) and kinetic studies (Fig. 1), suggest 
that the incorporation of non-complementary nucleotides 
is dependent on polymerisation and occurs randomly. 
Preliminary results indicate that a similar increase in mis- 
incorporation occurs using other depurinated templates and 
other DNA polymerases. 

An analysis of the net mis-incorporation relative to the 
number of apurinic sites yields a ratio of 1 error for every 
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Table 1 Fidelity of DNA synthesis with poly d(A-T) template and 
AMY DNA polymerase 








Depurination* dTMP dGMP Error 
(5 (pmol) (pmol) ratet 
Expt If 
0.0 187 0,0461 1/4,060 
0.6 181 0.0464 1/3,900 
1.1 152 0.0419 1/3,630 
1.7 130 0.0371 1/3,500 
22 124 0.0369 173,360 
3.4 117 0.0370 1/3,160 
5.0 109 0.0375 1/2,910 
6.7 94 0.0353 1/2,660 
10.1 61 0.0274 1/2,220 
13.4 43 0.0218 1/1,970 
20.2 15 0.0100 1/1,500 
Expt 2$ 
0.0 100 0.6230 1/4,350 
1.1 98 0.0252 1/3,890 
2.2 97 0.0272 1/3,570 
5.0 96 0.0323 1/2,970 
10.1 102 0.0441 1/2,310 


PT a alee 

*Depurination of *H-dA-labelled and unlabelled poly d(A-T) 
templates at a concentration of 1 mg mi™ was carried out at pH 
of 2.75 and a temperature of 55 °C. The release of *H-adenine was 
measured by thin layer chromatography with cellulose plates and 
solvent containing a-butanol, isobutyric acid, 25°, ammonia and 
water (3.0: 1.5: 0.1 : 1.0). The rate of depurination was 0.1% per min. 
No measurable depurination or change in error rate was achieved 
with either heat or acid treatment alone. 

+Error rate =~ pmol dGMP incorporated/pmol dTMP incorporated. 

+Fidelity assays were performed in duplicate, were incubated at 
37°C for 60 min and contained (final volume 25 p1); 50 mM Tris- 
HCI, pH 7.8; 5 mM MgCl,; 25 uM dATP; 25 uM a-*?P-dTTP 
(20 d.p.m. pmol); 25 uM "H-dGTP-(50,000 d.p.m. pmol); 
2 pg poly d(A-T) (modified as noted in the table); and 25 pg homo- 
geneous AMV DNA polymerase. The reactions were terminated, 
washed and processed for determination of acid precipitable radio- 
activity as previously described. Incorporation in the absence of 
incubation was 0.5 pmol dTMP and 0.0134 pmol dGMP which 
were subtracted from the values listed. 

SAssay conditions were as described above with the exteption of 
time of incubation which was 30 min, 40 min, 50 min, 60 min, and 
120 min for the 0.0°%, 1.1°%, 2.2%, 5.0% and 10.1% depurinated 
templates, respectively. 


§38 
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Fig. 1 Assay conditions were as described in the legend to Table 

1 with the exception of time of incubation which was varied as 

shown. a, 0% depurination; b, 1.7% depurination; c, 5.0% 

depurination ; d, 10.1% Depurination. @, Incorporation of dTMP; 
©, dGMP incorporated. 


500 apurinic sites. This frequency is lower than would 
occur if any one of the three nucleotides in the reaction 
mixture was incorporated randomly at each apurinic 
site. Several plausible explanations can account for 
this observation. First, there may be something unique 
about I in every 500 apurinic sites leading to mis- 
incorporation. Second, there may be a looping-out 
phenomena at most apurinic sites, producing deletions 
which we cannot monitor. Finally, factors other than hydro- 
gen bonding between base pairs may be involved in base 
selection so as to select the complementary base rather than 
the non-complementary base. A detailed analysis of each of 
these and other possibilities is currently under investigation. 

The increased mis-incorporation by DNA polymerases 
with depurinated templates in vitro raises the possibility 
that similar events may take place in vivo with mutagenic 
effects. A spontaneous depurination rate constant of 
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Table 2 Incorporation of complementary and non-complementary 
deoxynucleotides in various conditions with poly d(A-T) template 
and AMV DNA polymerase 


13.4% Depurination 





No depurination 


os dTMP dGMP Error dTMP dGMP Error 
Conditions (pmol) (pmol) rate (pmol) (pmol) rate 
Control 113 0.0243 1/4,650 36 0.0209 1/1,720 
—Meg?t 0 0.0000 — 0 0.0000 a 
~~ Poly d(A-P) 0 0.0034 — 0 0.0034 m 
dTTP 0 0.0060 — 0 0.0062 ~ 
~~ Polymerase 0 0.0000 — 0 0.0000 _ 


ERP AA N a A 
Assay conditions were as described in the legend to Table 1 with the 
exceptions noted, 
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1.8 x 10°°min™* although quantitatively small may be signifi- 
cant. If one assumes that the DNA of a mammalian cell 
contains 10° purine residues, this rate would produce two 
apurinic sites per min per cell. Alkylation in conjunction 
with specific glycosidases could increase this rate to more 
than 50 apurinic sites per min per cell. The large number 
of apurinic sites with miscoding potential produced by the 
action of chemical carcinogens, either spontaneously or in 
conjunction with glycosidases, may be a common mechanism 
of action of chemical carcinogens leading to mutations 
and /or carcinogenesis. = 
This study was supported by grants from the US NIH 
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Membrane-bound carotenoid in 
Micrococcus luteus protects 
naphthoquinone from photodynamic action 


ALTHOUGH carotenoid pigments are widely distributed in 
nature, their function is little understood. Studies of non- 
photosynthetic bacteria have led to the conclusion that 
these pigments are present in the plasma membrane where 
they protect membrane components from photo-oxidation. 
We report here a study of detergent-extracted carotenoid 
which is not protein-bound but associated with membrane 
lipid. The lipid-carotenoid micelles are shown to protect 
naphthoquinones from  photodestruction, a function 
attributed to the native pigment. 

Two major biological roles have been assigned to 
carotenoids in plants and prokaryotes. In photosynthetic 
organisms, these pigments are involved in trapping light 
energy’. A more general role applicable to both photo- 
synthetic and non-photosynthetic cells, is protection from 
photodynamic action. Thus in photosynthetic bacteria, 
carotenoid-less cells, obtained by mutation or ‘by the use of 
inhibitors, were killed when illuminated in aerobic but not 
anaerobic conditions’. In contrast, carotenoid-containing 
cells remained viable. Evidence suggested that bacterio- 
chlorophyll acted as photosensitiser*. In non-photosynthetic 
bacteria early experiments showed that carotenoid-less cells 
were killed by light only when low concentrations of a 
suitable sensitising dye were added’. Subsequently, high 
light intensities in the absence of added sensitiser were 
found to kill carotenoid-less strains’ while carotenoid-con- 
taining cells were afforded protection. It may be postulated 
that a membrane-bound pigment such as a flavoprotein or 
cytochrome was acting as the endogenous photosensitiser’. 
In Micrococcus luteus (Sarcina lutea) a study of the effects 
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Table 1 Electrophoresis of the carotenoid extract on a sucrose discontinuous gradient 





Fraction Sucrose Carotenoid 
no, {g per 100 ml) (ug mi) 
I 21 3.5 
II 21 3.4 

i 21-25 1.1 

IV 25 1.0 
Vv 25 1.0 
VI 50 0.6 
Vi 50 0.2 
VHI 50-75 0.1 
Ix 75 0 


Phospholipid Protein Protein (g) per mole 
(mg mi ~>) (mg ml~}) of carotenoid ( x 10°) 
0.46 0.02 3.4 
0.41 0.03 5.3 
0.38 0.01 5.5 
0.38 0.01 6.0 
0.31 0.24 144 
0.31 0.5 500 
0.22 0.18 540 
0.20 0.17 1,020 
0.06 0.17 — 


nen mle SEEE 

A 15 ml sample of dialysed emulphogene extract was added to the discontinuous sucrose gradient column prepared according to the method 
of Hjerten’® but containing an additional sucrose layer of 21°% sucrose 0.56 M NaCl. Tris-citrate buffer, pH 8.6, 0.04 M was used as buffer. 
240V (13 mA) were applied to the column for 20 h at 4 °C. Fractions were withdrawn from the column as shown. Nitrogen was determined by 
the ninhydrin method of Jacobs? and the protein content calculated assuming a 16% nitrogen content and no nitrogen contribution from 
phospholipid. Phospholipid was derived from the phosphorus content”? assuming that the phospholipid contained 4% phosphorus. 
Carotenoid was obtained assuming an A1» = 2,500 at 447 nm and an arbitrary molecular weight of 600. 


of light on respiration in the presence of the dye toluidine 
blue showed that endogenous carotenoid partially protected 
several sites in the respiratory chain", Using high light inten- 
sities and relying on endogenous sensitisers, carotenoid 
protected one photosensitive site, the respiratory quinone, 
menaquinone’’”®. 

Although several authors have suggested that the caro- 
tenoid pigment located in the plasma membrane is speci- 
fically associated with protein or lipoprotein, this has rarely 
been shown'!’’*, We have therefore attempted to isolate and 
purify the carotenoid pigments of M. luteus in a form 
similar to that in vivo using a mild non-ionic detergent, 
emulphogene (Mulgofen BC720). Although non-ionic 
detergents have been shown to remove lipid from mem- 
brane lipoproteins”, complete removal is not always 
achieved even at high concentrations’. 

Overnight shake cultures grown at 28°C on nutrient 
broth were used to prepare plasma membranes by mild 
osmotic shock after lysozyme treatment". The membranes 
were extracted with 0.6% emulphogene for 35 min at room 
temperature which solubilised the bulk of the major caro- 
tenoids (sarcinaxanthin, sarcinaxanthin mono-p-glucoside 
and decaprenoxanthin t). The membranes themselves 
retained their integrity after extraction as viewed by either 
phase contrast or electron microscopy using negative stain- 
ing (compare erythrocyte ghosts). The extract showed a 
large number (at least 20) of protein bands when subjected 
to electrophoresis at pH 8.6 in 7.5% acrylamide gels con- 
taining 0.1% (w/v) emulphogene. The absorption maxima 
of the extracted carotenoid (418, 447 and 476nm) are the 
same as those of the membrane-bound pigment obtained by 
difference spectroscopy of membranes from the wild-type 
and a carotenoid-less mutant. Sucrose gradient electro- 
phoresis of the extract at pH 8.6 for 20h gave fractions 
with carotenoid, protein and phospholipid contents shown 
in Table 1. The carotenoid band was diffuse, low in protein 


content but rich in phospholipid. On analytical acrylamide 
electrophoresis at pH 8.6, the carotenoid fraction (I and H, 
Table 1) showed a single amidoschwartz-staining protein 
component running independently of the carotenoid band. 
In electrophoretic studies, the carotenoid band seemed 
translucent, was anodic between pH 3.1 and 8.6 and was 
evidently associated with phospholipid. 

Fractionation of the extract on DEAE-cellulose at pH 8.6 
resulted in a discrete carotenoid fraction running sub- 
stantially in front of the flavoproteins (NADH and malate 
dehydrogenases). The carotenoid fraction had a substantial 
phospholipid content (12.5 wg per ug carotenoid) but was low 
in protein (2.5 ug per ug carotenoid). Partition of the emul- 
phogene extract in a polymer system, dextran—Ficoll- 
polyethyleneglycol-KCNS” resulted in the carotenoid 
partitioning, together with the phospholipid, in the hydro- 
phobic polyethyleneglycol phase. This phase contained 
protein which migrated as a single band independently of 
the carotenoid on acrylamide gel electrophoresis. 

Using the emulphogene extract or the carotenoid phase 
after polymer partition and dialysis, it has been possible to 
demonstrate the protection of naphthoquinone (phyllo- 
quinone, vitamin K:) by carotenoid. The quinone was added 
to the carotenoid preparation, briefly sonicated and assayed 
before and after irradiation with blue (460+5 nm) light. The 
loss of quinone was compared with that in a similar pre- 
paration from a carotenoid-less mutant of M. luteus (Table 
2). The loss of quinone was clearly greater in the carotenoid- 
less preparation. Some loss of quinone in the carotenoid 
system is to be expected since the method of preparation 
did not ensure that all quinone molecules were in association 
with carotenoid. By contrast, addition of quinone to an 
ethanolic extract of the organism did not result in 
protection of quinone by carotenoid. 

Since in our analytical studies we find carotenoid migrat- 
ing with phospholipid, it is probable that in the detergent 
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Table 2 Irradiation of phylloquinone (vitamin K,) by blue light 





Before irradiation 


(ug ml) 
Quinone in extract from 
pigmented membranes 17.5 
Quinone in extract from 
carotenoid-less membranes 17.6 


After irradiation 


(ug mi~} % Loss of quinone 
16.9 3 
13.6 23° 


pO E ENEA RER aeaaaee aaan 

Phylloquinone in 0.1 m! ethano! was added to a carotenoid extract after partition” into a polyethyleneglycol phase. The mixture was sonicated 
to form a micellar system of carotenoid and quinone, The preparation was irradiated with blue light (4604-5 nm) for 12 min at 15 Wm™, 
the preparation having a Í cm light path. The quinone was assayed by the borohydride reduction method of Kroger and Dadak”™. 
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extract the carotenoid is present in phospholipid micelles. 
The water-insoluble naphthoquinone is likely to be held in 
the micelles in relatively close proximity to the carotenoid, 
a situation not achieved in ethanolic solution. The protec- 
tion of quinone by transfer of excitation energy to 
carotenoid will therefore be facilitated. 

In studies of respiration, the function attributed to 
carotenoid is protection of the quinone’’. Since the ex- 
tracted carotenoid carries out the same function and has 
the same absorption maxima as in the membrane-bound 
state, we believe that the bulk of the pigment is associated 
with membrane lipid in vivo. In viability studies the pro- 
tective function of carotenoid has been shown to depend 
not only on chromophore length’ but also on concentra- 
tion”. Thus the bulk carotenoid seems to be necessary for 
photoprotection. This does not, however, rule out the pos- 
sibility of small amounts of carotenoid being protein-bound” 
or of the pigment being associated with lipoprotein, but 
such states would not be essential for the protective func- 
tion. We conclude that the lipid-associated carotenoid in 
M. luteus thas a role in the photoprotection of 
naphthoquinone. 
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Temperature and wavelength effects on the 
photochemistry of rhodopsin, isorhodopsin, 
bacteriorhodopsin and their photoproducts 


THE primary photochemical event in visual pigments has 
become a matter of considerable controversy!~®, We recently 
reviewed the various models that have been proposed and 
argued that the accumulated evidence strongly favours the 
Original suggestion of Kropf and Hubbard that the primary 
step involves a cis-trans isomerisation*. Evidence for isomerisa- 
tion is based on the photoequilibrium that can be established, 
both at 77 K (ref. 5) and at room temperature’, between 
rhodopsin, bathorhodopsin (its primary photoproduct), and 
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isorhodopsin (which contains a 9-cis chromophore). The 
equilibrium can be represented by 
Av Ae 
rhodopsin ---—--4 bathorhodopsin ——~- 
(Il-cis) q (all-trans) 
Ae he 


tsorhodopsin 
(9-cis) 


goera 


This strongly suggests that the isomeric configuration of the 
chromophore of the common bathorhodopsin intermediate is 
all-trans retinal, and thus light has isomerised the chromophore 
from Il-cis to all-trans. 

It is of considerable interest to obtain a quantitative descrip- 
tion of the physical processes involved in the primary photo- 
chemical event. Based on an analysis of the temperature and 
wavelength effects on the photochemistry of rhodopsin and 
protonated Schiff bases in solution, we proposed a model 
describing a potential energy curve for the excited state of the 
visual pigment. The major conclusion of the model is that the 
protein moiety of the pigment efficiently channels the excitation 
energy of the chromophore into a single potential minimum 
along the 11-12 torsional coordinate. 

We extend here our original experiments and analysis to the 


Fig. la Absorption spectra of bovine rhodopsin in 67% glycerol 
and 2% digitonin at (1) room temperature and (2) 77 K. 
Corrections were made for scattering by subtracting the spectrum 
of the same sample bleached in the presence of hydroxylamine. 
Corrections were also made for a 7.7°% solvent contraction at 
77 K. The dashed line represents the quantum efficiency for 
bleaching rhodopsin at room temperature!:!!!2, The circles 
represent the average of five measurements of the quantum 
efficiency at 77 K as described in the text. Standard deviations 
are given by the error bars. b, Isorhodopsin spectra under same 
conditions as in a. lsorhodopsin was prepared by regeneration of 
opsin with 9-cis retinal. Circles represent room temperature 
quantum efficiencies and triangles represent the quantum 
efficiencies at 77 K. 
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artificial pigment, isorhodopsin, and to the purple membrane 
‘ protein of Halobacterium halobium, bacteriorhodopsin. The 
results for isorhodopsin provide a strong independent con- 
firmation of the original model. Moreover, our analysis of 
bacteriorhodopsin photochemistry suggests a protein induced 
cis-trans isomerisation for that pigment as well. 

Our experimental approach is to test the effects of tempera- 
ture and excitation wavelength on the absolute yield of forming 
the bathoproduct from both rhodopsin and isorhodopsin as 
well as the purple membrane protein. The amount of isorho- 
dopsin and rhodopsin converted to bathorhodopsin by a low 
dose irradiation at 77 K was determined by warming the sample 
to room temperature (where the bathorhodopsin decays to 
all-trans retinal and opsin) and measuring the amount of 
unbleached pigment remaining. The amount of the purple 
membrane protein converted to its bathoproduct, K, was 
calculated from the absorption of the mixture formed after a 
short irradiation using the extinction coefficients of the purple 
membrane and K (shown in Fig. 2). Quantum yields were 
calculated according to Dartnall®® using rhodopsin as an 
actinometer and correcting for changes in extinction coefficient 
with temperature (Figs la and 16). Quantum fluxes at longer 
wavelengths were determined with a rhodopsin calibrated 
photodiode. 

As shown in Figs la and 2, we found that the quantum yield 
of the primary photo-event of rhodopsin and the purple 
membrane protein is, within experimental error, independent of 
excitation wavelength and temperature over a 220 K range. 
Moreover, Fig. 2 shows the quantum yield of the photoreversal 
from the bathoproduct K to the purple membrane pigment is 
also independent of temperature. On the other hand, the 
quantum yield for bleaching isorhodopsin (which has no 
wavelength dependence at room temperature) shows a significant 
decrease at lower temperatures (Fig. 15). This lower quantum 
yield at 77 K was also wavelength dependent, the yields being 
smaller as wavelength increased. 

The wavelength and temperature independence of the 
bleaching or rhodopsin strongly suggests that cis-trans isomerisa- 
tion takes place after complete thermal relaxation and requires 
no activation energy. This situation may be achieved by 
efficiently channelling the excited system into a minimum, along 
a barrierless potential curve connecting the cis and frans 
configurations as shown in Fig. 3. This conclusion was also 
suggested by the observation that the quantum yields for the 
forward 


PRB 
rhodopsin —---—~ bathorhodopsin 


and back 


®B->R 





bathorhodopsin - rhodopsin 

reactions nearly sum to unity’ which implies that most 
(@,;~@.™1) excited rhodopsin and bathorhodopsin molecules 
populate a common point on the excited state potential surface. 
(This can be easily seen since Dp..g = @iYn Peor = Yo 
and y,+y, = 1. Thus, Prg + Ọp-r = 1 only when 
1 =Q2~ 1). 

The general form of the potential curve shown on the left side 
of Fig. 3 is amenable to more quantitative analysis. Using the 
absolute and relative quantum yields at 77 K (see Fig. 3) we find 
Mm, = 1.0, go, = 0.9, 7, = 0.67 and y, = 0.33. Moreover, the 
temperature independence of the R-»B photoisomerisation 
shows that these values are accurate at room temperature as 
well (with the possible exception of @, which cannot be deter- 
mined at room temperature). Thus, the left side of Fig. 3 
provides the first detailed characterisation of the primary 
photochemistry of rhodopsin. 

The fact that », = 0.9 (which requires that Dp ._-° Dye 
be slightly less than unity) is due to the leakage (@,) of bathorho- 
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Fig. 2 Absorption spectra at 77 K in 67% glycerol of (1) the 
purple membrane protein and () its primary photoproduct, 
the K intermediate. The K spectrum was determined from the 
spectrum of the 500 nm photosteady-state mixture, assuming 
it to be 28°4K. This was determined by warming the mixture 
under conditions® which allow the complete conversion of K to 
M(412)}, revealing the percentage of pigment unconverted in the 
photosteady-state mixture. The circles represent the purple mem- 
brane protein quantum efficiency and the triangles represent the 
K quantum efficiency both at 77 K. The dashed lines represent 
the corresponding quantum efficiencies for the pigment (at 
--40 °C (ref. 9); a similar value is seen at room temperature)" 
and for the bathoproduct (at room temperature RT). 


dopsin to the 9-10 torsional coordinate leading to the formation 
of isorhodopsin. An independent check of the numbers given 
above requires that an analysis of the B&I interconversion 
yield », = 1-@,~0.1. Unfortunately, the temperature 
dependence of ®,.., and its wavelength dependence at 77 K 
(due perhaps to a small barrier along its potential surface) 
preclude an accurate determination of @3,94, Ya and y, It is 
possible, however, to use the values of Ọ>s = @aY, and 
Py; = QY; to estimate @,. 

Taking an average value of ®,,,~70.13 (Fig. 1b) and the 
ratio Ọpa = 0.4 determined previously‘ we find 
Os¥3 = 0.05. (Thus our model yields ®y,2/Mp5; = 
-Y/Y ~ 5, in complete agreement with the estimate of 
Yoshizawa and Wald.) Simple numerical considerations 
(see Fig. 3a) now lead to the conclusion that ọ, must be 
approximately 0.1, thus providing an important consistence 
check for the analysis of the BÆR interconversion. 

The most striking implication of the above analysis is the 
complete channelling ($, = 1.0) into the common minimum 
from excited rhodopsin molecules (11l-cis configuration) and 
almost complete channelling of bathorhodopsin (all-trans) 
(b, = 0.9) to the 11-12 torsional coordinate accounting for the 
relationship Örs + Py.+rz~ 1. As can be seen from Fig. 2, the 
same relationship (Dpmp+x+@Px+emp = 0.284+0.72 = 1) 
also characterises the primary photoevent in light-adapted 
bacteriorhodopsin, both at 77 K and at room temperature 
(Fig. 2 and refs 9, 13, 14). Moreover, the photoreversibility of the 
various intermediates so characteristic of the bleaching 
sequence of visual pigments® is also a feature not only of the 
K intermediate but also of the ‘M’ (412 nm) intermediate of 
the purple membrane protein’’. These striking photochemical 
analogies very strongly suggest a cis-trans geometry change as 
the primary photochemical step in bacteriorhodopsin. 

The extremely simple photochemical behaviour ef both 
rhodopsin and purple membrane protein should be contrasted 
with the complex patterns that characterise the photoisomerisa- 
tion of retinal analogues and other well studied systems such 
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Fig. 34 Potential energy diagrams for the rhodopsin, batho- 
rhodopsin, isorhodopsin interconversions. The quantum 
efficiency for rhodopsin isomerisation is @r->B = QY, where 
@, is the probability of reaching the bottom of the potential 
well of the excited state and y, is the probability of going to 
bathorhodopsin from the bottom of the well. Similar relations 
hold for Ope, Ọs->n and i->. Quantum yields for the 
11-12 coordinate are calculated from the 77 K data presented 
here and using Ọ@r->B/ỌB->r = 2.2 (ref. 4). For the 9~10 
coordinate, our room and low temperature data set limits for 
P, between 0.22 and 1.0 leading to 0.22 < y, < 0.59, 0.41 < y3 < 0.78 
and then using QY, = 0.06 we find 0.07<o,<0.14. Thus, all 
values of @, are consistent with @, ~ 0.9. b, Hypothetical energy 
level diagram for the purple membrane protein and its batho- 
product K. This diagram ignores the observed fluorescence which 
is thought to come from another excited state (ref. 19). 


as stilbenes'*. In contrast to the pigments, the quantum yields 
of the model compounds are strongly wavelength-dependent 
and can be I~2 orders of magnitude less than those of 
the pigments. Thus, it seems that the protein facilities isomerisa- 
tion in the chromophore by altering the excited state potential 
energy surfaces and/or by modifying rates of radiationless 
deactivation. It is interesting in this context that the artificial 
pigment isorhodopsin seems to undergo a less efficient and 
more complex photochemistry than does rhodopsin. 

The protein can also influence the ground state energy 
surfaces. Although free Il-cis and all-trans retinal have very 
similar free energies!’, the opsin modifies the equilibrium 
conformation of the chromophore so that rhodopsin is at 
least 10 kc@l mol ~! lower in free energy than the final products, 
opsin and free all-trans retinal. Moreover, bathorhodopsin 
decays spontaneously to opsin ~- all-trans retinal and, thus, 
must be still higher in free energy than these products; this 
free energy must be obtained from the photon absorbed by 
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rhodopsin. A hypothetical ground state energy diagram is also 
included in Fig. 3. i 

The bathoproduct of the purple membrane protein must also 
contain a significant fraction of the absorbed photon’s energy 
since the spontaneous decay of this photoproduct back to the 
original pigment is used to power a proton pump across the 
cell membrane!*. In view of the basic similarity of this pigment 
and rhodopsin with respect to the chromophore structure and 
binding and their primary photochemistry, it is reasonable that 
similar energy storage mechanisms are operative in both 
pigments. 

Recently, Peters et al.” have observed a deuterium-dependent 
decay of a transient species following picosecond stimulation 
of rhodopsin; they have proposed that light does not isomerise 
the chromophore, but rather initiates a proton transfer to 
it (see also ref. 3). We do not, however, believe that their data 
in any way rules out cis-trans isomerisation; indeed many 
interpretations of the data, other than the one they give, are 
possible. For example, the transient species may be due to a 
time-dependent shift in the absorption spectrum of batho- 
rhodopsin, due to a relaxation of the protein/chromophore 
following isomerisation; that is, it could arise if the proton of 
the protonated Schiff base changes its orientation with respect 
to its counter ion or even switches its counter ion as a result of 
cis-trans isomerisation. This could account for the temperature 
and deuterium effects of the rate of formation of batho- 
rhodopsin. In any case, the models Peters et al. propose for the 
primary event are incompatable with the known properties of 
bathorhodopsin discussed above and in ref. 4. Moreover, it is 
difficult to see how proton tunnelling as the only primary event 
would result in a stable species (at 77 K) which would not 
revert back to rhodopsin. Finally, Green et al.™ have recently 
provided evidence that isomerisation in rhodopsin and iso- 
rhodopsin can occur in picoseconds at room temperature. 
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Membrane initiation of 
DNA synthesis 


Hopart er al’ reported convincing 
autoradiographic evidence that DNA 
replication is initiated near or on the 
nuclear membrane in sea urchins. In 
their discussion of the difference be- 
tween their results and those reported 
by others for mammalian cells™ *, they 
raise the possibility that the latter 
results might arise from repair syn- 
thesis because, ` autoradiographic 
analysis cannot distinguish between 
replication and repair synthesis of 
DNA...” and “Such a situation 
would confuse the interpretation of 
autoradiographs in determining sub- 
nuclear sites of replication”. 

Lt is only remotely possible that this 
explanation is correct. DNA repair 
synthesis in undamaged mammalian 
cells is not detectable by even very 
sensitive methods’, let alone autoradio- 
graphy. In cells whose DNA molecules 
are severely damaged, repair synthesis 
(excision) never exceeds about 1% of 
the amount of semiconservative syn- 
thesis that would occur simultaneously 
in undamaged cells*‘; even this amount 
of repair synthesis would not be detect- 
able by the electron microscope auto- 
radiographic method used by Hobart 
er al’. 

Thus, the explanation for the results 
showing a difference between sites of 
initiation of DNA synthesis in sea 
urchins? and in mammalian cells’™* is 
very likely other than the one proposed 
by Hobart et ai.’. 
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HOBART ef al. REPLY: We agree with 
Painter and Cleaver that it seems only 
remotely possible that repair synthesis 


of DNA could account completely for 
the differences between our results 
with sea urchins and those of others 
using mammalian cells, But, it remains 
to be determined if repair synthesis is 
indeed a minor activity in cells which 
have been maintained for prolonged 
periods of time in tissue culture and 
have been treated with various meta- 
bolic inhibitors to achieve synchronisa- 
tion. In any case the results with sea 
urchin embryos, which are normally 
synchronous and in which semicon- 
servative replication is undoubtedly the 
principle activity, indicate that DNA 
synthesis occurs on or near the nuclear 
membrane. 


Pentobarbitone 
enhancement of the 
inhibitory action of GABA 


Bowery and Dray’ have suggested that 
pentobarbitone reverses the effects of 


the y-aminobutyric acid (GABA) 
antagonist bicuculline methochloride 


(BMC), on both the superfused rat 


superior cervical ganglion and rat 
medullary neurones in vivo, without 
potentiating the action of GABA on 
these tissues in the absence of BMC. 
Such an action does not readily account 
for the accentuation by pentobarbitone 
of inhibitions mediated by GABA in 
the mammalian central nervous 
system’, except by antagonism of an as 
yet undetected endogenous GABA 
antagonist. 

We have investigated the action of 
pentobarbitone on 31 dorsal horn 
interneurones and three Renshaw cells 
of eight low spinal cats anaesthetised 
ip with either a-chloralose and 
urethane (40 and 400-800 mg per kg), 
diallyl barbituric acid and urethane (60 
and 600 mg per kg) or pentobarbitone 
sodium (35 mg per kg). Amino acids, 
acetylcholine, and pentobarbitone 
were administered electrophoretically 
from solutions in the outer barrels of 
seven-barrel micropipettes, the 36M 
NaCl-containing centre barrels of 
which were used to record extracel- 
lular action potentials of single 
neurones. The following solutions were 


Fig. 1 Raterneter records of the firing of a dorsal horn interneurone in a cat anaesthetised with 
a-chloralose and urethane, The electrophoretic ejection of glycine (GL) and GABA (GA) 
are indicated by the appropriate symbols, horizontal black lines and currents (nA), b and c 
were recorded 5 and 10 min after the commencement of the ejection of BMC which continued 
for 15 min, ceasing after d, as indicated by the broken vertical line. The ejection of pento- 
barbitone (PENTOBARB) commenced 3 min before c and again 2 min before g, and was also 
terminated at the vertical broken lines. Records e and A were I min after d and g respectively. 
Ordinates, firing rate, spikes s~', abscissae, time in min. 
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GABA (0.1, 0.2M; pH 3), 
(0.5M; pH3), .L-glutamate 
(0.5 M; pH 7.5), pL-homocysteate 
(DLH, 0.2 M; pH7.5), acetylcholine 
hydrobromide (ACh, 0.25M) BMC 
(10 mM in 165mM NaCl) and sodium 
pentobarbitone (20 mM; pH 9.5 or 
250 mM ina 7:2: 1 mixture by volume 
of water, propylene gycol and ethanol). 

In confirmation of Bowery and 
Dray’, pentobarbitone (10-60 nA) par- 
tially reversed the antagonism by BMC 
of the inhibition of cell firing by 
GABA. With most neurones, however, 
in the absence of BMC, pentobarbitone 
ejected with the same or even lower 
electrophoretic currents enhanced sub- 
maximal inhibition of firing by GABA. 
Furthermore, the inhibitory action of 
electrophoretic glycine on many cells 
was also enhanced, but not to the same 
extent as that of GABA. 

Results from one neurone are illus- 
trated by the records in Fig. 1 of the 
rate of firing of a dorsal horn inter- 
neurone maintained by the continuous 
ejection of DLH, 8nA. Firing was 
inhibited by glycine and GABA, ejected 
consecutively each for 7s at fixed time 
intervals (Fig. la). During the ejection 
of BMC, the effect of GABA was 
reduced (Fig. 15), but was restored to 
near control values during the simul- 
taneous administration of pentobarbi- 
tone from an aqueous solution (Fig. 
Ic). This effect of pentobarbitone was 
reversible (Fig. Id), as was the antago- 
nism of GABA by BMC (Fig. le). 
Several minutes later, when the currents 
ejecting glycine and GABA had been 
reduced, in particular that of GABA 
to reproduce the inhibitory action 
observed during the ejection of BMC 
(compare Figs 16, d and f), pentobarbi- 
tone also reversibly enhanced the 
effectiveness of GABA (Fig. lg and A). 
The degree of enhancement of the 
GABA effect by pentobarbitone in the 
absence of BMC was very similar to 
that during the ejection of BMC. 

Effects such as these, which were 
observed with spontaneously active 
cells as well as with those in which 
firing was maintained with DLH, 
glutamate or ACh, and irrespective of 
the anaesthetic used or whether BMC 
was in one of the barrels of the micro- 
pipettes, render unnecessary a postulate 
that pentobarbitone displaces BMC 
from receptors on central neurones’. 
At least in the spinal cord of the cat 
the increased effectiveness of GABA by 
pentobarbitone probably is adequate to 
account for the reversal of antagonism 
by BMC. Further experimentation will 
be required to determine whether this 
action of* pentobarbitone results from 
interference with the cellular uptake 
of amino acids or from a more direct 
effect at postsynaptic receptors’. The 
importance of this latter type of action 


used: 
glycine 


is suggested by the frequent observation 
that electrophoretic pentobarbitone 
depressed the firing rate of neurones, 
and that pentobarbitone, like GABA, 
depolarises the terminals of group la 
afferent fibres in the cat cord (our 
unpublished work). 
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Bowery and Dray reply—The results 
of Lodge and Curtis are most interest- 
ing but, whilst we do not dispute that 
enhancement of responses to GABA 
and glycine can occur in the absence 
of bicuculline methochloride (BMC), in 
our experiment in the rat medulla we 
saw no clear enhancement of sub- 
maximal responses to GABA or glycine 
using expelling currents of pentobarbi- 
tone which on the same cells reversed 
the antagonism produced by BMC or 
strychnine. Pentobarbitone in all cases 
did not decrease the background firing 
rate of the cell, an observation which 
differs from that of Lodge and Curtis. 
Only when we increased the ejecting 
current by 2~3-fold did pentobarbitone 
decrease the firing rate’. It remains to 
be seen whether this decrease in firing 
results from a GABA-mimetic effect 
at post-synaptic receptors. It is interest- 
ing to note that the increase in firing 
rate produced by BMC in the Lodge 
and Curtis experiment (shown in their 
Fig. 1b) seemed to be antagonised by 
the ejection of pentobarbitone (c). 
Although Lodge and Curtis suggest 
that the enhancement of responses to 
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GABA could account for the observed 
BMC reversal] on dorsal horn inter- 
neurones in the cat spinal cord we 
believe that under our experimental 
conditions on spontaneously-active neur- 
ones in the rat medulla, these phenom- 
ena are separable. Some evidence in 
support of this comes from results we 
have obtained with other drugs in the 
superior cervical ganglion. Although 
the barbiturates were the most effective 
in reversing BMC antagonism other 
central depressant drugs with quite 
different chemical structures, for ex- 
ample, benzodiazepines, amitriptyline 
and promethazine also reduced BMC 
antagonism. None of these substances 
significantly potentiated the effect of 
GABA at the concentrations employed 
nor did they exhibit any direct GABA- 
mimetic activity even at >410-fold 
higher doses. 

Experiments with nipecotic acid in 
the ganglion indicate that BMC reversal 
by pentobarbitone is probably unrelated 
to any inhibition of the cellular uptake 
of GABA. Nipecotic acid inhibits 
GABA uptake in this tissue and thus 
potentiates the response to GABA’. 
Unlike pentobarbitone, however, nipe- 
cotic acid will neither prevent nor 
partially reverse BMC antagonism and 
moreover will not prevent pentobarbi- 
tone reversing the action of BMC. 

Two phenomena associated with the 
action of pentobarbitone in relation to 
GABA and glycine receptors have been 
described—first, an enhancement of the 
action of GABA or glycine as reported 
by Lodge and Curtis and others’ and 
second, a direct GABA-mimetic action 
as described by Nicoll’. Our results 
suggest that a third phenomenon may 
occur, that of reversal of the action of 
convulsants which antagonise responses 
to GABA and glycine. 

Although separation of these 
phenomena may not be easy in some 
systems our results indicate that it is 
possible in the rat medulla and 
sympathetic ganglion and may depend 
on the concentration of pentobarbitone 
employed. 


N. G. BOWERY 


Department of Pharmacology, 
St Thomas's Hospital Medical School, 
London SEI, UK 


A. DRAY 


Department of Pharmacology, 
The School of Pharmacy, 
29/39 Brunswick Square, 
London WC1, UK 
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Best kind of Natural History 


reviews 


S. R. J. Woodell 





Population Biology of Plants. By John 
L. Harper. Pp. xxiv+892. (Academic: 
London, New York and San Francisco, 
1977.) £30; $58.60. 


As Professor Harper states in his 
preface, population biology was for 
almost half a century the almost ex- 
clusive preserve of zoologists. In the 
early part of this century, Sukatschew, 
Tansley and especially Clements ex- 
perimented on plant populations, but 
thereafter most plant ecologists turned 
to other aspects of the subject. This 
might seem strange. Plants are im- 
mobile. They do not have to be cap- 
tured, marked and recaptured, but 
whereas animals respond to environ- 
mental changes by changing numbers, 
plants may change in either number 
or size, or both. It is perhaps this 
plasticity that has deterred some 
botanists from studying their popula- 
tions. Numbers can be counted, size 
has to be measured, usually destruc- 
tively. 

Harper was fortunate to come into 
contact early in his career with Charles 
Elton and his group in Oxford, and 
then with agronomists in Aberystwyth, 
to whom experimentation on plant 
populations was nothing new. Unlike 
most botanists he realised the relevance 
of animal population studies to plants, 
and acted upon it. During the past 
twenty-five years he, his students and 
co-workers have done more than any- 
one to set the science of plant popula- 
tion biology on its feet, and it is 
appropriate that he should write the 
first major book about it. 

A short introductory chapter on 
“Experiments, Analogies and Models” 
sets the scene, and is followed by five 
major sections: on “Dispersal, Dor- 
mancy and Recruitment”; “The 
Effects of Neighbours’: “The Effects 
of Predators”: “The Natural Dynamics 


of Plant Populations’: and finally, 
“Plants, Vegetation and Evolution’, 


Each is complete in itself, but they are 
all linked by the evolutionary theme 
that pervades the whole book. Harper, 
in acknowledging his debt to Darwin, 
states that he thinks the third chapter 
of the Origin of Species is the best 
ecological text ever written. Though 
not all would agree with this, there 
is no doubt that it shows an insight 
into interactions between organisms 
that has not yet been surpassed, for 
all that it was written 120 years ago. 
Harper comments (p492): “in ecology 

the idea of evolution as a con- 
tinually operating force in ecological 
interactions seems to be accepted un- 
willingly.“ Sadly, this is true of many, 
though not by any means all ecologists; 
such workers as G. E. Hutchinson are 
outstanding exceptions. This book puts 
the relationship between ecology and 
evolution firmly back into the centre 
of the stage. 

Every chapter in Harper’s book has 
something to say about how plant 
populations interact with their total 
environment. With animal ecologists 
in mind as readers, he is constantly 
pointing to ways in which animal and 
plant populations are similar and dif- 
ferent. Apart from the plasticity of 
plants, two especially interesting points 
he makes are that the food of green 
plants does not reproduce and is not 
the result of a reproductive process 
(this fundamentally affects their popu- 
lation biology); and that plants consist 
of “populations of parts” (and this 


cannot be said of animals except 
perhaps corals, and some colonial! 
Hymenoptera). 


Everyone will find much of interest 
here: there are ideas enough to keep 
several workers busy for a lifetime. 
if | may pick chapters which especially 
interested me, I would select. chap- 
ter 11, “Mechanisms of Interaction 
Between Species”, as a most stimulat- 
ing, critical and thought-provoking dis- 
cussion of the problems and pitfalls 


inherent in studying plant interactions. 
The several chapters on “The Effects 
of Predators’ comprise an account 
in depth of some aspects of plant- 
animal interactions, a fashionable field 
these days after long neglect. The final 
section, where evolution is brought to 
the fore, is a fascinating development 
in evolutionary terms of much that 
has gone before. 

It will be clear that I liked this book; 
indeed, I found it difficult to put down 
once | had begun it. There are small 
irritations. In places, it reads rather 
like a catalogue of experiments, though 
every experiment described is very 
relevant, Those familiar with Harper’s 
work will be familiar with much of 
the content of the book, but to have 
it all together is very valuable; and 
a glance at the bibliography reveals the 
breadth of the literature surveyed here. 
Harper is not quite consistent in his 
acceptance in some places, and re- 
jection in others, of anecdotal evidence. 
These are minor flaws. A credit is the 
inclusion of good chapter summaries 
at the beginning of the book. 

‘Natural History’ is a much-abused 
term, probably largely as a result of 
the flood of poor quality writings on 
it during the last century. Yet who 
would deny that The Natural History 
of Selborne (Gilbert White) is a great 
book, or that although much of what 
Darwin wrote was Natural History, he 
was a great scientist. The Oxford 
English Dictionary defines Natural His- 
tory thus: “A work dealing with the 
properties of natural objects, plants 
or animals: a scientific account of any 
subject on similar lines.” In those 
terms, | am sure that Professor Harper 
will not object to his book being de- 
scribed as an example of the best kind 
of Natural History. cI 
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S. R. J. Woodell is Lecturer in Ecology in 
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Polymer 
science 


Macromolecules. Vol. 1: Structure and 
Properties. Pp. 532. Vol. 2: Synthesis and 
Materials. By Hans-Georg Elias. Pp. 131. 
(Wiley: London; Plenum: New York, 
1977.) £24; $42.50 each volume. - 


IN his preface, the author describes these 
two volumes as a textbook, treating “the 
whole field of macromolecular science, 
from its chemistry and physics to its 
applications, in a not too elementary 
manner.” To attempt this is a stupendous 
undertaking for a single author, but it can 
be said at once that the text amply 
justifies the claim. The original version 
(1971) was in German and the present 
text is a translation from a 1975 revised 
German edition—but shows no internal 
evidence of not having been written in 
English from the start. 

The method adopted is that of straight- 
forward exposition; where differing view- 
points might be held, the author usually 
takes a clear line, no doubt with the aim 
of avoiding confusion for the student. 
The area to be covered is vast, and within 
the scope of 1,100 pages most topics can 
receive no more than outline treatment. 
To enable the student to supplement this, 
a reading list of books and review articles 
is provided for each section, but there are 
no references to the original literature 
(except for historical introduction). The 
opportunity has evidently been taken in 
revision and again in translation to add 
recent titles to the original reading lists. 

The contents of the two volumes can 
be described roughly as physics and 
chemistry, respectively; and although the 
work is planned as a whole, the two parts 
could each stand alone. Volume 1 deals 
with the theoretical and experimental 
basis of our knowledge of polymer 
Structure, and physical properties. It is 
divided into three parts: structure, 
solution properties, and solid-state pro- 
perties. Little is assumed in the way of 
background knowledge: chapter 5 opens 
with an account of X-ray scattering: and 
chapter 9.5 with a presentation of the 
basic principles of light scattering. Ex- 
perimental methods are outlined, and 
although equipment is not described in 
detail, key features are frequently pointed 
out. Although this volume is largely 
concerned with principles, it is sufficiently 
wide-ranging to include reference to such 
practical matters as adhesives and glues, 
and the testing of-insulators for resistance 
to tracking. 

Volume 2 divides into two roughly 
equal parts dealing, respectively, with 
principles of polymerisation and indi- 
vidual polf~mers. Following an introduct- 
tory chapter on general principles, the 
first part deals successively with poly- 
condensations; ionic, insertion and radical 


reactions, copolymerisation; and finally 
with reactions of macromolecules (in- 
cluding aging). This is a wide-sweeping 
survey at a very well chosen level. 

The last section of the book is entitled 
“Polymers” and is divided into nine 
chapters, of which the first four deal 
broadly with synthetic organic polymers 
classified according to their main chains: 
carbon, carbon~oxygen, carbon—sulphur, 
carbon-nitrogen. The chapters are further 
broken down by polymer type into 25 
sections, many of them further sub- 
divided. The general method of treatment 
for each polymer includes monomer 
synthesis, polymerisation methods and 
mechanisms, polymer properties and 
reactions; all done very competently and 
succinctly. Final chapters extend the 
scope to biopolymers and = inorganic 
chains, and serve at least to remind the 
student of the wide ramifications of 
macromolecules in nature. 

Nothing could be easter for the reviewer 
of a work of this kind than to select a 
field in which he is personally expert and 


Volcanic 
leitmotive 


Carbonatite-Nephelinite Volcanism. By 
Michael J. Le Bas. Pp. 347. (Wiley: 
London, New York and = Toronto, 
1977.) £22: $44. 


THERE is a long standing joke that one 
can doze off during one of Wagner’s 
Ring of the Nibelungen operas, only to 
wake up ten minutes later to find the 
same singer standing on the same spot 
singing the same song. One gets the 
same impression from Le Bas’ book. 
No matter where one dips into it, there 
is a certain sameness about the text. 
Tortuous rock names like uncom- 
phagrite, turjaite, melteigite, ijolite and 
urtite keep cropping up in the prose 
like Wagnerian leitmotive. To appre- 
ciate the Ring, one has to be able to 
recognise the Jeitmotive. The same is 
true of this book: without a firm grasp 
of the convoluted terminology of 
hyper-alkalic volcanism, one is lost. 
The first sentence of the first para- 
graph of the text starts: “The classic 
igneous intrusions of Fen (Brogger, 
1921: Saether, 1957) and Alno (Ecker- 
mann, 1948) in Scandinavia, of Magnet 
Cove, Arkansas (Erickson and Blade, 
1963), of Tron Hill, Powderhorn, 
Colorado .... This bleak style is 
relentlessly preserved throughout the 24 
chapters of the book. Nineteen of 
these are detailed descriptions of in- 
dividual areas or volcanoes in East 
Africa written by Le Bas and his 
colleagues who worked in the area 
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to point out shortcomings and possible 
errors of judgement. Inevitably, when an 
author undertakes to review such a vast 
field he will succeed better with some 
areas than others. What is more pertinent 
to ask is (a) whether the work succeeds 
in its declared aim, and (b) what other 
needs it might serve. On the first of these 
counts, there is no doubt that any student 
who works systematically through this 
text will acquire a broad knowledge and 
understanding of polymer science and its 
applications. Spread over the three years 
of a Ph.D. course, it would provide a 
superb accompaniment to the experi- 
mental study of a limited topic. For the 
reviewer, its role will be that of an admir- 
able first source of information, providing 
a coherently argued introduction and a 
guide to further reading. On both counts, 
it is a notable addition to polymer 
literature. Geoffrey Gee 


Geoffrey Gee is Professor of Chemistry at the 
University of Manchester, UR. 


from 1963 to 1969. Many of these 
chapters are based on the distilled and 
condensed Ph.D. theses of research 
students. 

Of most interest to this reviewer was 
the third chapter, in which Le Bas 
unravels the nomenclature of the rock 
suites-—this is essential reading and 
should come before chapter 1—and the 
last two, which cover magmatic and 
metasomatic processes and the petro- 
genesis of the carbonatite nephelinite 
suite. There are two appendices, con- 
taining geochronological and major 
element geochemical data; there are 
few trace element data. 

Le Bas has produced a thoroughly 
scholarly work summarising many 
years of work by him and his colleagues 
in East Africa, and one which is un- 
equivocally aimed at a specialised 
readership. The descriptive chapters 
will undoubtedly provide a valuable 
source of information to workers 
studying alkalic volcanism in East 
Africa and it is clearly useful to have 
all this data published under one cover. 
It is a pity, however, that Le Bas did 
not broaden his scope slightly. There 
must be many potential readers, not 
directly involved in the field, who 
would be glad of an up-to-date and 
intelligible review of the fascinating 
petrological problems posed by the 


small proportion of this book is likely 
to interest them. Peter Francis 


Peter Francis ts Lecturer in the Depart- 
ment of Earth Sciences at the Open 
University, Milton Keynes, UK. 
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Molecular 
trees 


Molecular Anthropology: Genes and Pro- 
teins in the Evolutionary Ascent of the 
Primates. Edited by M. Goodman, R. E. 
Tashian and J. H. Tashian. Pp. 466 
(Plenum: New York and London, 
1977.) $42. 








re 


THis volume contains 20 chapters, most 
of which were presented at a symposium 
in Austria during July 1975. The chapters 
are grouped under five headings: “Back- 
ground to Some Key Issues”; “Molecular 
Evolution as Interpreted by Mathematical 
Models”; “Primate Phylogeny and the 
Molecular Clock Controversy” “Primate 
Evolution Inferred from Amino Acid 
Sequence Data’; and ‘“‘Multigene 
Families and Genetic Regulation in the 
Evolution of Man”. Forty-nine authors 
contributed to the compilation, which 
provides an excellent interplay between 
scientists in various fields, especially 
biochemistry, anthropology and genetics. 

There is a chapter by E. L. Simons, 
a palaeontologist, on the fossil record of 
primate phylogeny, and one on splitting 
times among hominoids as deduced from 
the fossil record, by Alan Walker. These 
provide an interesting and necessary 
counterpoint for a host of molecular and 
biochemical phylogenetic trees that are 
constructed, by authors of other chapters, 
on the basis of differences between 
homologous proteins. Various monkeys 
and other vertebrates have kindly fur- 
nished the proteins, especially globins, 
whose amino acid sequences and immu- 
nological cross-relationships are used for 
the construction of these trees. There Is 
also a short chapter on satellite DNA and 
ribosomal genes in primates. G. W. 
Lasker gives us his ideas on what 
“molecular anthropology” is, with the 
help of an imaginary dialogue. 

The use of comparisons of protein 
sequences for measuring evolutionary 
divergence in primates, to which most of 
this book is devoted, depends on accep- 
tance of the concept of the “molecular 
evolutionary clock”. This concept 
states that amino acid substitutions in 
protein molecules take place at an 
approximately uniform rate during evolu- 
tion. There is much debate as to how 
“uniform” this rate is for a given protein. 
The general consensus is that it runs 
at different rates at various times. 





© Science, Technology and Society: A 
Cross-Disciplinary Perspective — (re- 
viewed in the 10 November issue of 
Nature: 270, 126; 1977) is published 
for the ICSPS by Sage Publications: 
London and Beverly Hills, California. 


@ Theory of Computer Science (re- 


viewed in the 3 November issue of 
Nature: 270, 85; 1977) is published by 
Chapman and Hall: London and dis- 
tributed in the USA bv Halsted: New 
York. 





Most molecular evolutionists use the 
“clock” to some extent because of its 


obvious relationship to phylogeny. 


In chapter 2, Vogel, Kopun and 
Rathenberg discuss transitions and trans- 
versions in haemoglobin variants. They 
say that: “CT transitions in the DNA 
code corresponding to AG transitions in 
the mRNA code are more frequently 
observed than would be expected with 
random substitutions.” So-called “CT 
transitions in the DNA code” are, 
however, actually base-pair substitutions 
in which there has been an interchange 
between an A.T pair and a G.C pair, 
The decision as to which DNA strand is 
transcribed depends on which strand 
contains the binding site for RNA 
polymerase; and this decision is unaf- 
fected by the amino acid composition of 
the protein that is subsequently synthe- 
sised. There is no way of deducing, from 
an amino acid substitution, which mem- 
ber of the corresponding DNA base-pair 
underwent the mutation, and which was 
changed when replication next took 
place. As the authors correctly note, 
their compilations are indeed biased, 
because haemoglobin variants are detec- 


Expertise in 
analytical chemistry 
Analytical Chemistry; Essays in Mem- 
ory of Anders Ringbom. Edited by 


E. Wannien. Pp. xiv+607. (Pergamon, 
Oxford and New York, 1977.) £27.50. 
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THis volume consists of a judicious 
mixture of authoritative reviews, 
stimulating and often entertaining 
essays, and a sprinkling of original 
papers. The topics are spread across 
the face of modern analytical chemistry 
with particular stress on those areas 
with which the late Professor Anders 
Ringbom has been most actively 
associated. 

The most homogeneous section is the 
first, containing some sixteen articles 
on or related to the stability constants 
and structures of complexes in solution. 
They succeed in presenting a very ade- 
quate and well-blended picture of the 
present state of the art, with a signi- 
ficant proportion devoted to the ques- 
tion of mixed complexes which have 
been so actively investigated in the last 
decade. In the various reviews, the 
many technical problems which can so 
readily disturb or mislead the new- 
comer to this rather exacting field of 
study are laid out clearly and amply 
documented. This section should thus 
be of particular value to the non- 
specialist who wishes to update him- 
self, but will I am sure also be read 
with considerable interest by those 
with long experience and greater 
expertise. 
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ted by electrophoresis, which does not 
measure changes that are not accompan- 
ied by an alteration in charge. In their 
Table 9, Vogel et al. have written alanine 
codons as the complementary DNA 
codons. To be consistent with 
polarity of DNA strands, they should have 
been written from right to left, Also, one 
of the codons is wrong. 

In Chapter 11, by Matsuda, Table 4 
shows the amino acid exchanges and 
minimum mutation distances in the 
opposite order from the caption to the 
table. Chapter 17, by Goodman, pre- 
sents a lucid account of primate 
genealogy as deduced from globins 
and cytochrome c. 

The book contains extensive compila- 
tions of amino acid substitutions in 
homologous proteins, especially globins, 
obtained from various primates, It also 
contains chapters on random and non- 
random processes in molecular evolution, 
maximum parsimony, carbonic anhy- 
drase, antibody specificity and gene 
action. Thomas H. Jukes 


eval ern ar yp dep er Si rdf Are HW TAME bh HAA A aLaaa EMMA HRSG AN HANAN 


Thomas H. Jukes is Professor of Medical 
Physics at the University of California at 
Berkeley. 


The second section is composed of 
eight articles on various titration pro- 
cedures and three on colorimetric in- 
dicators. This is followed by four 
articles on aspects of electrochemistry 
(polarography, electrometric titrations 
and ion-selective electrodes), five on 
Separation techniques (metal chelates 
in gas-liquid chromatography, ion- 
exchangers and extraction), seven on 
trace analysis (for example, activation, 
anodic-stripping voltammetry, fluor- 
escence and atomic absorption) and 
three on kinetic methods of analysis. 
Finally, there is a miscellaneous section 
with articles on sampling, the writing 
of a scientific paper, photoelectron 
spectroscopy, statistical analysis, capil- 
lary electrophoresis, and the ‘history of 
analytical chemistry. 

The 600 closely packed pages pro- 
vide a curious and varied mine of 
information and expertise in analytical 
chemistry, and the list of authors (for 
example, Kolthoff, Bates, Reilley, 
Freiser, Margerum, Elving, Laitinen, 
Anderegg, Beck, Nasanen, Osterberg, 
Perrin, Pribil, Bjerrum, Irving, Tanaka, 
Pungor, Alimarin, Yatsimirskii, and 
Flaschka) contains many of the out- 
standing names in analytical chemistry. 
This book is a must for the appropriate 
libraries and should be placed in such a 
position that chemists, and analytical 
chemists in particular, are tempted to 


browse among its pages. 


C. S. G. Phillips 
+ 
nine 
C. $. G. Phillips is Lecturer in Inorganic 
Chemistry at the University of Oxford, 
UK. 
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Problems of 
desertification 


Desertification: Environmental Degra- 
dation in and around Arid Lands. 
Edited by Michael H. Glantz. Pp. 
xiv +346. (Westview: Boulder, Colo- 
rado, 1977.) $20. 


THE United Nations Water Con- 
ference, held in Argentina in March, 
1977, and the United Nations Con- 
ference to Combat Desertification, 
held in Kenya in August, 1977, reflect 
the worldwide attention now being paid 
to the destruction of arable or poten- 
tially arable land throughout the arid 
and semi-arid regions of the world. 
The volume under review comprises 
a collection of articles by specialists in 
a range of disciplines which examine 
and evaluate the social, political, 
economic, environmental and technical 
problems related to the causes and 
effects of desertification. Most of them 
are concerned, one way or another, 
with the Sahara and the Sahel savanna 
of Africa. 

In the first of these articles, the 
editor outlines the approach of the 
United Nations to “desertification” or, 
as H. N. Le Houérou prefers to call it, 
“desertization’”’, Glantz defines this as 
a global “environmental problem which 
is primarily national in cause and 
national in effect’. The Sahelian 
States are among the poorest in the 
world and, therefore, “in need of 
financial, technical, moral and other 
support if they are to have any chance 
whatsoever to cope effectively with the 
problems that are linked to desertifica- 


tion within their borders’. No-one, 
however, explains how one should 
refute the logic of the Sahelian 


peoples—if, during the last drought, 
two thirds of their cows died, then, 
by raising three times as many cattle, 
the original number might be expected 
to survive the next drought! 

At least half of all the timber cut 
in the world is used as fuel for cooking 
Or aS a source of warmth. Eric P., 
Eckholm discusses the problem posed 
by an Indian official: “even if we 
somehow grow enough food for our 
people in the year 2,000, how in the 
world will they cook it?” The suicidal 
deforestation of Asia, Africa and Latin 
America will have to be reversed. The 
problem of ecological deterioration in 
Niger is discussed by James T. 
Thomson; that of pastoral develop- 
ment in Somalia by Jeremy Swift. 
Authors of other chapters include 
Richard W. Katz, William W. Kellogg, 
Stephen H* Schneider and Helen Ware. 
Surprismgly, the Interim Report of the 
South African Drought Investigation 
“ommission of April, 1922, is reprinted, 


without comment, as chapter 10. This 
historical document shows that neither 
today’s problems, nor their solutions, 
are new-—although the recommenda- 
tion that jackals should be extermin- 
ated might no longer win universal 
approval. 

The review of problems of desert 
land reclamation in the USSR, by 
A. G. Babayev, includes an appendix 
consisting of abstracts of 24 papers 
published after a sympostum held at 
Ashkhabad, in 1976. Babayev con- 
cludes that scientists “must now con- 
centrate on determining the optimum 
limits of harmonic development of 
society and nature”. “The Communist 
Party and the Soviet government” 
seem to have learned that nature may 
be tamed, but cannot be conquered by 
man! 


Transport properties 
of simple liquids 


Classical Kinetic Theory of Fluids. By 
P. Résibois and M. De Leener. Pp. 
xv+412. (Wiley: New York, London 
and Toronto, 1977.) £22, 

“AMONG the many available texts on 
statistical mechanics, few, if any, give 
the reader a coherent and sustained 
introduction to the various methods 
that have made non-equilibrium statis- 
tical mechanics so successful.” This 
quotation from the preface understates 
the difficulties facing a research worker 
in the field. If he tries to piece together 
the original literature, he meets 
mysterious concepts like “plateau 
time”, “friction constant’? and ‘‘auto- 
correlation functions’; and he can have 
a hard time in deciding whether a 
theory contains, or does not contain, 
adjustable constants. 

This book contains a connected 
account of the various approaches to 
the problem of predicting the transport 
coefficients of a “simple” liquid. Nearly 
all the work is concerned with the rigid 
sphere and th power repulsion 
models. Theoretical predictions are 
compared with “computer experi- 
ments” rather than with measurements 
on the rare gases. This is because of the 
complicated actual forces between real 
molecules of “simple” liquids, and also 
because information such as the time 
variation of correlation functions can 
be obtained directly from computer 
experiments, but can only be inferred 
indirectly from neutron scattering 
experiments on real liquids. 

The only proper way of dealing with 
the famous “irreversibility paradox” is 
to proceed via Liouville’s equation. 
This is done in section C of the book, 





Nature Vol. 270 8 December 1977 


A book on deserts seems an unlikely 


place in which to find a discussion of | 


the world’s oceans, but J. Dana Thomp- 
son’s interesting chapter examines the 
notion of “biological deserts in the 
ocean, and assesses the limitations of 
the sea as a biological resource which, 
however, could be made somewhat 
more productive by miariculture, the 
reclamation of polluted areas, harvest- 
ing unconventional species, and the 
abolition of over-fishing. As in the case 
of all the problems of environmental 
degradation, we know whar should be 
done but not how it could be accom- 
plished. The matter is one of individual 
responsibilities. 

J. L. Cloudsley-Thompson 


J. L. Cloudsley-Thempson is Professor of 
Zoology at Birkbeck College, University 
of London, UK. 





after two introductory sections on 
stochastic processes and on various 
forms of the Boltzmann equation. The 
Boltzmann equation has essentially 
irreversible solutions, and the central 
problem is to show that such an 
equation can be consistently derived 
from Liouville’s equation by proceeding 
to the thermodynamic limit in a large 
assembly, 

This programme cannot be ¢arried 
through rigorously for any physically 
realistic model, but section C makes it 
clear that most, if not all, of the 
difficulties of principle have been 
gradually overcome, and that the re- 
maining difficulties are almost certainly 
technical. The reader is led through 
some far from simple work with great 
clarity, and the style is pleasant and 
informative. No attempt is made to 
disguise the difficulties still outstanding 
_ for example, the long term behaviour 
of the correlation functions and the 
fact that some treatments give trans- 
port coefficients that vary non- 
analytically with density (or diverge). 
Paradoxically, such difficulties seem to 
be particularly severe for two-dimen- 
sional assemblies. A final section dis- 
cusses the, more formal, theory of 
transport coefficients based on time- 
dependent correlation functions. 

The appearance of the book is most 
timely. It is splendidly printed and 
produced and there is a good index 
and some clear figures. The biblio- 
graphy is surprisingly short but prob- 
ably adequate, consisting largely of 
books and review articles rather than 
original sources. The authors have 
certainly achieved the objectives set 
out in their preface. 

H. N. V. Temperley 


H. N. V. Temperley is Professor of Applied 
Mathematics at University College, 
Swansea, UK. 
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The vulnerable side of science 


SCIENCE is about people, the ideas they have, how they 
go about testing these ideas and how they persuade 
other people to accept them. Science is therefore largely 
concerned with communication, 

Hardly the sort of definition that would get into a 
dictionary, which is more likely to speak of science as 
knowledge obtained by observation and experiment, 
tested, systematised and brought under general prin- 
ciples. Organised knowledge doesn’t at first sound a very 
personalised affair—it has too obvious associations with 
the certainties of the periodic table and suchlike, or the 
neatness of textbooks. Yet every thinking scientist 
knows that just as ‘coal’ means a neatly stacked cellar 
of the stuff to the householder, but something highly 
personal, both friend and enemy, to the miner at the 
coalface, so ‘science’ is not only a neatly stacked cellar 
but also a complex and messy affair, a very human 
business with all its successes and failures, argument 
and consensus. This side of science is relatively poorly 
understood by the non-scientist. And even scientists 
themselves sometimes forget it when constrained to 
write short scientific papers or deliver ten-minute talks 
in which there is only room for the reporting of success, 
not the detailing of blind alleys, tortuous discussions, 
uncomprehending referees. 

Because science is so much dependent on free and 
easy communication amongst its practitioners, anyone 
who interrupts the channels of communication used by 
scientists is capable of doing immediate and serious 
damage not just to those closely involved, but also to 
the advancement of science. Neutralise a fertile thinker 
in informal contact with tens, even hundreds of other 
scientists, and no-one else will be able to fulfil anything 
like the same role. And neutralising doesn’t involve 
anything as vulgar as demolishing a particle accelerator 
or breaking up a laboratory. It simply means making 
one person difficult to get hold of and denying that 
person the normal means of communicating with the 
outside world. There are plenty of ways, both subtle and 
unsubtle, of achieving this, and the demonology is not 
restricted to governments. 


It is, thus, encouraging that 1977 has seen a growing 
awareness by scientists of the importance of human 
rights issues, and a gradual realisation that talk of 
freedom of expression and interchange of ideas in high- 
flown and little-read international documents need not 
necessarily be meaningless but could be a lifeline, how- 
ever fragile, to a beleaguered scientist. The report early 
in the year by the Council for Science and Society on 
scholarly freedom and human rights must be reckoned 
a major milestone in providing scientists with the neces- 
sary theoretical support to their practical actions and 
now, with the Belgrade review of the 1975 Helsinki 
European security conference drawing to a close, it is 
reasonable to wonder whether there are any signs that 
scientists are gaining or losing in their quest for the right 
to express themselves and communicate with each other. 

Obviously there is no measure of such a complicated 
thing as freedom for scientists to be part of a global 
community, but even so there are few grounds for 
believing that things are getting better. Nor is tampering 
with scientists, and therefore with science, the preserve 
of any one power bloc or group of nations; there is 
gloomy news from many parts of the world. And lest it 
be thought that Western countries can be smug and 
self-satisfied in these matters, it should also be said that 
commercial secrecy and national security are often the 
justification by which bona fide scientists are gradually 
worn down into conformists, afraid to speak out on 
matters where they have high technical competence. 

On the other hand there are favourable signs. Within 
the next few months it is expected that ICSU’s Com- 
mittee for Safeguards of the Pursuit of Science will 
come forward with some new proposals, and it is hoped 
that these will encourage the establishment of some 
centre to which scientists may turn for assistance or to 
which malpractices may be reported. 

1978 marks the thirtieth anniversary of the adoption 
by the United Nations of the Universal Declfration of 
Human Rights. It could well be the year in whith the 
simple, yet very vulnerable needs of the scientist at last 
get a heavyweight defender. m) 
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Stalin’s scientific deputy addresses dissident meeting 


THe inclusion of a symposium on 
scientific research in the Venice Bien- 
nale on culture has been described as 
an “act of considerable courage”. Since 
the general theme of the 1977 Biennale 
was “cultural dissidence” it was hardly 
surprising that the round table on 
scientific freedom should include many 
who have shown considerable physical 
and moral courage in the defence of 
academic liberty. Voronel, Turchin, 
Plyushch, Dediu, Zhores Medvedev, 
the Papiashvilis, the Chudovskii bro- 
thers—the list of speakers reads almost 
like a role of honour of the dissident 
movement in science. Moral courage 
of no less an order, however, was 
shown by Dr Arnost Kolman, who, to 
an audience of active campaigners for 
scientific liberty, delivered a paper that, 
under the unassuming title of “The 
Adventure of Cybernetics in the 
USSR” described his part in Stalin’s 
campaign to destroy free scientific pro- 
gress, and replace it by a special party- 
orientated science. 

Dr Kolman, at 85, is a living link 
with Lenin and the early days of Soviet 
power. His personal philosophy still 
remains Marxism, which he sees as 
having become under Stalin “‘the 
obedient  servant-girl of political 
power’. His picture of his destruction 
of science during those years is a hor- 
rifying one, since, he explained, it was 
carried out not by cynical careerists, 
but by people acting in good faith, 
but incompetent in the field in 
question, 

Thus he, himself, trained in maths 
and physics, campaigned during those 
years against the prevailing philosophy, 
in defence of relativity, quantum phy- 
sics, and mathematical logic. In life 
sciences, however, and particularly in 
genetics, he was fully prepared to 


accept the party dogma which pro- 
nounced genetics a pseudo-science. He 








Arnost Koiman: a living 
link with the early days of Soviet power 


described how the editorial board of 
the philosophical magazine, Under the 
Banner of Marxism, of which he was 
a member, were given a mere three 
months to familiarise themselves with 
the theory and problems of heredity— 
and then to take up the battle against 
“mendelo -morganism”™, championing 
the “innovatory ideas” of Lysenko. 

Kolman’s paper was not only absorb- 
ing—as the mea culpa of a notable 
figure has always been fascinating from 
the days of Augustine of Hippo on- 
wards—it also set the tone for the whole 
symposium by stressing the danger in- 
herent on state interference in science. 
Zhores Medvedev gave a most lucid 
account of Soviet science policy during 
the last 60 years, several papers dealt 
with more recent events in Czech- 
oslovakia (Frantisek Janouch, L. 
Durovic, and O. Poupa) and in 
Romania (Mihai Dediu). Kolman’s 
revelations showed, however, that such 
interference need not necessarily be 
effected by bureaucrats or party ap- 
paratchiki, but by persons who genu- 
inely believe that in doing so they are 
serving their country and the cause of 
scientific progress. 

Against this background the more 
theoretical papers took on a sig- 
nificance transcending the current situ- 
ation in the USSR and Eastern Europe. 
John Ziman’s masterly exposition of 
the ethical principles underlined the 
concept of scientific liberty. Giorgio 
Bert on “Medical Science as an 
Ideology’, Mark Popovskii on “Con- 
trolled Science”, and Valentin Turchin’s 
enquiry into the correlation between 
scientific training and involvement in 
human rights, all raised fundamental 
problems of the moral responsibility of 
scientists everywhere. 

Likewise, in the special session on 
the political misuse of psychiatry, Dr 
Sidney Bloch noted that the revelation 


during the last few years of Soviet mal- 
practices had caused many psychiatrists 
throughout the world to reassess their 
personal ethical standards. 

A number of speakers, in particular 
Giacomo Morpurgo, stressed the need 
for rapid and accurate dissemination of 
information of scientists subject to re- 
striction and deprivation of academic 
liberty. The work of Amnesty Inter- 
national did not go unnoticed: but it 
was stressed that Amnesty campaigns 
only for those actually in prison. Owing 
to the rapid advance of science, ex- 
clusion from professional activity for 
more than a few months may produce 
irreversible academic “‘death’’. Hence 
the intervention of the world scientific 
community at the initial stages of 
academic restriction is a matter of con- 
siderable importance. A prime example 
of what can be achieved was the world- 
wide outcry against the campaign to 
expel Sakharov from the Soviet Acad- 
emy of Sciences in 1973. Reports of 
specific efforts were received from 
Jeremy Stone (Federation of American 
Scientists), Tania Mathon (Solidarity 
Committee of French Scientists) and 
Goran Borg (Swedish Committee for 
the Freedom of Science). 

Repeatedly throughout the sym- 
posium it was stressed that, although 
the theme of this particular meeting 
was repression and dissent in Europe, 
the problem of scientific liberty is 
indivisible and transcends all national 
frontiers. It is an integral part of the 
world-wide problem of human rights: 
if the cases of scientists command par- 
ticular attention, it is because in this 
post-atomic age, the outcome of state 
misuse of science and technology can 
threaten the future of the entire world. 
The ethical responsibilities of scientists 
to their profession and to their col- 
leagues are accordingly proportionally 
great. Vera Rich 


Sakharov warns of subtle pressure 


The Soviet physicist Andrei Sakharov 
sent a personal message to last week’s 
Venice Biennale. The following is an 
extract from his message: 

“Liberty of opinion and exchange 
of information are of great importance 
throughout the world. . The new 
climate of international relations, 


called detente, has led to even more 
complex and varied links and com- 
munications, hence not only have the 
possibilities of positive influences been 
increased, but also the danger of the 
diffusion of more negative characteris- 


tics. This has increased mutual 
responsibility. . . . I consider the 
initiative of the Biennale to be very 
important, dedicated as it is to the 
problem of dissidents and non-official 


creativity in the socialist countries, | 
myself belong to this scientific sector 
in which the ideological pressure of 
the state is nowadays not expressed 
entirely explicitly, . . . The epoque of 
the ideological struggle against the 
theory of relativity, quantum mech- 
anics and cybernetics—the most 
shameful page in Soviet science . 
fortunately belongs to the past. 
(Now) perhaps the most important 
thing is the humiliating position of the 
intelligentsia in the whole country, 
which is shown particularly in the 
inadmissible misery of the two most 
wide-spread intellectual professions— 
doctors and teachers—and in the total 
subjection of the intelligentsia to 
bureaucratic party control”. 





Nature Vol. 270 15 December 1977 


New defence 
science chief 
offers cash 


to UK 
universities 


UNIVERSITY and polytechnic scientists 
should become more closely involved 
in helping to determine strategies for 
defence research, according to Pro- 
fessor Ron Mason, the newly-appointed 
chief scientist to the UK Ministry of 
Defence. 

Even five years ago, such a statement 
would have generated hostility from 


university colleagues and students alike. A 
different 5 


Both were concerned—for 
reasons — with intrusions into the 
“purity” of research. Yet when Pro- 
fessor Mason’s appointment was an- 
nounced at a meeting last week at the 
University of Sussex, where he has 
been professor of chemistry since 1971, 
even a student representative present 
greeted it, he says, with applause. 

With the continued squeeze on uni- 
versity funding, and a growing accept- 
ance of department-sponsored research, 
Professor Mason claims that there now 
exists a “more relaxed view” in uni- 
versities about accepting military funds 
than a few years ago. 

As chief scientific adviser—con- 
sidered by many to be the highest posi- 
tion that any British scientist can hold 
in government—one of his main tasks 
will be to act as an interface with the 
scientific community. And the new 
atmosphere should, he feels, make this 
easier to achieve. 

“One of the first things I want to 
engage in is a discussion on the relative 
balance of intermural and extramural 
research, and personally I would like 
to see a substantial increase, so broad- 
ening the base of expertise and advice,” 
Professor Mason said this week. 

He emphatically rejects the notion 
canvassed by the Campaign for Nuclear 
Disarmament and others that uni- 
versity scientists should refuse to carry 
Out military research on principle. A 
scientists responsibility should be to 
produce first-rate research in pursuit of 
aims determined by the conventional 
political processes. 

“The proviso, of course, is that all 
research carried out on Ministry of 
Defence contracts should ultimately be 
publishable in the normal way; as a 
university man, I would be worried if 
an academic institution accepted any 
restrictions on publication.” Professor 
Mason has himself in the past received 
funds from the Microbiological Re- 
search Establishment at Porton Down 
in support of certain aspects of his 
work on ion transportation across cell 





Ron Mason: “a more relaxed 
view” on military research 


membranes, and feels no qualms at 
having done so. 

‘‘Another reason for wanting closer 
contact with scientists in universities 
and polytechnics is to open up discus- 
sions about long-term trends in defence 
researoh. And since these involve a mix 
of the scientific and technological with 
economic and political factors, a broad 
interdisciplinary discussion of objec- 
tives is required for which the ministry 
research establishments are not 
equipped.” 

Professor Mason is no stranger to the 
world of science and technology policy, 
having been a member of the Science 
Research Council from 1971 to 1975, 
and chairman of its science committee 
for three years. He thas also been a 
member of the requirements board of 
the Department of Industry since 1973. 

One area in need of investigation ir 
his new job is, he says, the systematic 
under-recruitment of scientists and en- 
gineers by the Ministry of Defence that 
has taken place in recent years. 

“Whether a reluctance to take up a 
career in military research is due to the 
unattractiveness of Civil Service sal- 
aries in general, or of this type of work 
in particular, is at present unclear. But 
it might be a good idea for me to go 
out to talk to people in universities to 
help find the reasons for this situation.” 

Professor Mason admits to being 
slightly “bewildered and overwhelmed” 
by the scope of his new job, which he 
takes up on | March, 1978 on a three- 
year secondment from the university. 

He is convinced that the key to its 
success, at least in developing links be- 
tween the scientific community and the 
defence establishment, lies in opening 
up discussion about military research; 
but whether closer liaison is acceptable 
to either party remains to be seen. 

David Dickson 
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Soviet beams 
over Sweden? 


Is the Soviet Union developing a 
charged-particle anti-satellite weapon? 
Reports earlier this year listed evidence 
that tests of such a weapon had been 
carried out at a research facility near 
the Soviet city of Semipalatinsk, and 
described the debate raging between 
the US Air Force, convinced that the 
tests were being carried out, and the 
more skeptical CIA. A _ Swedish 
scientist has now published some find- 
ings that will add to the speculation. 
Dr Lars Erik de Geer of the National 
Defence Research Institute detected 
traces of radionuclides neptunium-239 
and molybdenum-99 in the atmosphere 
over southern Sweden on five occasions 
during the first half of 1976. The same 
atmospheric samples also contained 
small amounts of fission products 
iodine-131 and barium-140. On the first 
two occasions—in late February, and 
March—the prevailing winds had been 
from the east during each period of 
three days when the nuclides had 
arrived. On the other three occasions— 
in April, May and June—the winds had 
blown from the east on at least two 
days in each week during which the 
nuclides came. Dr de Geer thus postu- 
lates that “the material arrived in 
Sweden by way of southern Finland or 
western USSR and the Baltic Sea”. 


What could have caused such 
activity? The short answer is: no 
known source. The amounts of 


neptunium and molybdenum detected 
are compatible with the ratios found in 
debris that circulates for a few weeks 
after the explosion of a nuclear bomb. 
But, as Dr de Geer points out, if 
these nuclides resulted from some 
fission process, it is strange that other 
short-lived fission products (such as 
tellurium-132) were not also detected. 
Neither is the composition of the 
samples consistent with discharge from 
an ordinary nuclear power reactor. He 
wonders whether some laboratory ex- 
periment involving fresh fission pro- 
ducts could have been responsible; but 
a check on research laboratories in 


Sweden, Denmark and Finland showed 
that no such work was in progress 
during the period in question. The 


Nid 
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most exotic explanation—that the 
nuclides were produced by charged- 
particle beam experiments in the Soviet 
Union—seems to fit in that the 
observations were made at the same 
time as the experiments at Semipala- 
tinsk were reportedly started. Accord- 
ing to meteorological trajectories, 
however, nuclides from this area of 
the USSR could have been carried to 
southern Sweden in March, April and 
May, but probably not in February or 
July. This means that, although the 
nuclides detected in February were 
deposited by an easterly wind, they 
probably came from a source other 
than Semipalatinsk. Given the nuclides’ 
short half-lives (ranging from 2.35 days 
for neptunium-239 to 12.79 days for 
barium-140), and the distance from 
Semipalatinsk to Sweden (about 4,000 
km), the winds carrying the nuclides 
would have to have been strong. 
Although meteorological data suggests 
that the winds probably would have 
been strong enough, sufficient doubt 
remains for Dr de Geer to cite this 
as a factor against the Soviet source. 


Dr Kay Edvarson, of the National 
Institute for Radiation Protection, 
comments that it is impossible to pin- 
point a unique source for such activity. 
“We have fairly extensive surveys 
made now on releases from power 
reactors, and Dr de Geer’s findings 
don’t really fit any reactor types known 
to us. The National Defence Research 
Institute quite often detects some 
radioactivity which can not have come 
from a nuclear test. These samples are 
generally assumed to have come from 
small, localised sources such as a 
hospital. But it is impossible that the 
sort of activity Dr de Geer detected 
can have come from such a source. 
On three occasions the nuclides were 
detected at several sampling stations 
in southern Sweden, so it’s highly im- 
probable that the source was localised. 
It has to be reasonably far away, and 
strong. If it had been a strong source 
somewhere in the Nordic countries or 
West Germany, we would have heard 


about it.” He points out that the prob- | 


ability of detecting the sorts of 
samples now under discussion is small. 


Sweden follows US example on aerosols 


SWEDEN is to become the first country 
in Europe to ban the manufacture and 
use of chlorofluorocarbon (CFC) pro- 
pellant gases in aerosol sprays. 

The ban, which will take effect in 
1979, reflects public concern at the 
possibility that such gases may deplete 
the stratospheric ozone layer, hence 
potentially reducing the atmosphere’s 
ability to screen ultra-violet rays, and 
leading to an increase in skin cancer. 

In the US, fears that the extensive 
use of CFC gases could cause a 
decrease of ozone of up to 14% over 
a period of 100 years have already led 
to a similar ban, the result of a joint 
decision by the Food and Drug Associa- 
tion, the Environmental Protection 
Agency, and the Consumer Product 
Safety Committee. 

Sweden is the first country in Europe 
to follow the American example. The 
Swedish Government’s action is based 
on a recommendation of its Products 
Control Board that a licensing system 
should be introduced for aerosols, and 
that such licences be withheld from 
most aerosols using CFC gases. 

The manufacture and import of such 
sprays—-excluding certain products 
required for special uses such as medi- 
cine—-will be banned from the begin- 
ning of January 1979, and their sale 
from the following June. 

The moye has already brought reac- 
tion from a number of Sweden’s trading 
partners in the European Free Trade 
Association (EFTA), concerned at the 
economic impact it may have. Finland, 


for example, which exports many aero- 
sols to Sweden, has asked Stockholm 
either to withdraw the ban, or to 


extend the timescale considerably. 
The Finnish request 1s based on the 
position held by the majority of Euro- 





“Jrs an aerosol for getting 
rid of Finnish aerosol salesmen” 


pean countries that although CFC 
aerosols represent a theoretical danger 
to the ozone layer, no substantial 
evidence has yet been produced to in- 
dicate that any significant depletion of 
ozone does indeed take place. 
Widespread public controversy has 
surrounded the issue since the possi- 
bility of such depletion was raised by 
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“They would be masked by fairly fresh 
debris from a nuclear test’, he says, 
“and the release time has to coincide 
with the wind pattern”. 

Dr Bhupendra Jasani, of the Stock- 
holm International Peace Research 
Institute (SIPRI), says it is difficult to 
think of any sources other than those 
mentioned by Dr de Geer which might 
have caused the activity. “I am very 
skeptical of those who claim that the 
Russians have a charged-particle beam 
weapon in operation”, he says. ““How- 
ever, the Soviets are pioneers in accel- 
erator physics and accelerators, and 
they could well be working on such 
weapons—just as the Americans may 
be.” Dr de Geer’s report, published in 
Science, quickly drew a statement 
from the Pentagon questioning the 
hypothesis of the Soviet source. But, 
as Dr de Geer points out, “I am not 
saying that the nuclides came from 
charged-particle beam weapon tests in 
the USSR. It is simply that, as no 
other source seems to fit, the possibility 
that they did has to be considered.” 

Wendy Barnaby 


Rowland and Molina in 1974. It is this 
concern that has led to the current ban 
in the US, where many manufacturers 
are turning to the use of hydrocarbon 
gases as an alternative. 

No theoretical model of the chemical 
interaction between ozone and CFCs in 
the atmosphere, however, has yet pro- 
duced an adequate representation of 
what actually happens. In particular, 
most models rely on a one-dimensional 
interaction, and are hence unable to 
take into account the full three-dimen- 
sional movement in the stratosphere. 

In view of the scientific uncertain- 
ties, countries such as Britain, Ger- 
many and France have decided that 
more research is needed before a 
decision about whether or not to ban 
CFC aerosols. The EEC has recom- 
mended that a review of the situation 
be made in the second half of 1978, 
and has also commissioned the UK- 
based consultants METRA to carry 
out an economic impact study on the 
effects of a ban. 

The Swedish government has there- 
fore decided to break ranks with other 
European countries, and in particular 
its Scandinavian neighbours. However 
the decision is likely to be welcomed 
in the US, where FDA commissioner 
Donald Kennedy said earlier this year 
that since the threat of ozone deple- 
tion was a global problem, he hoped 
other countries would follow suit. 

An official of the Swedish Depart- 
ment of Industry said in Stockholm 
last week. “The Swedish philosophy is 
that this will take a long time, and 
someone has to take the lead.” 

David Dickson 
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Bangladesh reviews science policy 


MODERN science and technology was 
introduced to the Indian sub-continent 
by the British during the late 19th 
century. It developed in only a few 
areas of present day India, no signifi- 
cant development taking place in 
those areas which now make up 
Bangladesh and Pakistan. A national 
policy for science and technology 
development there was initiated as 
late as the 1960s. Planning and execu- 
tive agencies were subsequently 
formed and some institutions for 
scientific and technological education 
and for research and development were 
established. Over the last ten to fifteen 
years an indigenous scientific and 
technological infra-structure has begun 
to be built up in Bangladesh. 

The need for an integrated science 
and technology policy in Bangladesh 
has led to the formation of the 
National Council for Science and 
Technology (NCST) to advise the 
government on formulating policy, 
and planning, coordinating and evalu- 
ating science and technology develop- 
ment. In concrete terms the NCST 
determines national objectives, formu- 
lates strategy and identifies areas 
where science and technology can 
contribute to national development. 
The talks also include coordinating 
and evaluating scientific and techno- 
logical programmes in various sectors, 
and the development and motivation of 
scientific and technical manpower. 

The government of Bangladesh has 
now undertaken economic develop- 
ment programmes to raise the stan- 
dard of living of the people and 
improve socio-economic conditions. 
Implementation of these programmes 
needs specific technological capabilities. 
Any assessment of future possibilities 
and formulation of appropriate de- 
velopment strategies must be based on 
an analysis of national strength and 
weaknesses which should take into 
account the potential contribution that 
science and technology can offer. 
Science and technology policy for 
both short and long term strategies, 
thus, constitutes an integral part of 
the country’s overall development plan. 

With a view to planning and pro- 
gramming scientific and technological 
developments effectively, the NCST has 
undertaken to establish a data base on 
manpower, and the funding, manage- 
ment and facilities for the existing 
scientific and technological infrastruc- 
ture. This would involve surveying 
existing scientific and technological 
personnel and stock taking of the re- 
search institutes, laboratories, work- 
shops and supporting facilities. The 
current programmes in these institu- 


tions are to be reviewed and plans for 
the development of existing scientific 
and technological institutions are to 
be made on the basis of the results of 
these surveys and reviews. Further, 
NCST intends to undertake studies and 
make recommendations on the organ- 
isation and modes of financing of the 
research councils, institutes and other 
supporting facilities. 

On the development of human re- 
sources in science and technology in 
Bangladesh, NCST proposes to review 
the existing education and training pro- 
gramme and suggests appropriate 
measures for their expansion and im- 
provement. Recruitment and promo- 
tion rules for scientific and technical 
personnel with appropriate measures 
for proper incentive and motivation. 
The government has already instituted 
a fellowship programme for science, 
engineering, medical and agricultural 
graduates who cannot find suitable 
employment inside the country or 
experts working abroad but interested 
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in joining the institutions of Bangla- 
desh. 

NCST intends to undertake a com- 
prehensive scheme for preparation and 
production of science and technology 
text books in Bengali and reference 
books in both Bengali and English up 
to the highest level of education and 
to advise the government on its phased 


implementation. Popularising science 
and technology and disseminating 


scientific knowledge among the public, 
particularly on the human implications 
and social impacts of science and tech- 
nology will be one aim. In the long 
term these studies should lead the gov- 
ernment and other concerned agencies 
to formulate the philosophy, guidelines 
and workplan for a course of action. 
Bangladeshi science and technology 
policy also envisages longterm studies 
on the development of scientific and 
technological potential, appropriate or 
alternate technologies, policy guide- 
lines for international and regional 
cooperation and promotion of associa- 
tions, academic and professional bodies 
and human rights for scientists. 
M. Kabir 


FAO conference embraces third world 


WHEN, in January 1976, Edouard 
Saouma, a Lebanese Christian, took 
over as Director General of the Food 
and Agriculture Organisation (FAQ), 
there was a good deal of headshaking 
among the old hands in international 
agriculture, and when he announced 
his policy for improving the efficacy of 
the organisation, there was even more 
heart-searching among the senior staff. 
His policy was aimed specifically at 
more direct contact with ministries of 
agriculture and development in the 
Third World countries. 

The FAO biennial Conference, which 
ended early in December at the head- 
quarters in Rome, must have given 
Saouma a good deal of satisfaction. 
After two years of his regime, govern- 
ment after government expressed ap- 
proval and encouragement for the 
policy at which many of their rep- 
resentatives had looked askance early 
in 1976. Nor did this approval come 
only from the Third World countries 
towards whom the new policy has been 
especially directed. 

The most far-reaching of Saouma’s 
ideas has been the Technical Coopera- 
tion Programme. Seen initially by many 
as a duplication of effort with the UN 
Development Programme (UNDP) this 
has now proved its ability to provide 
small-scale assistance for specific pro- 
jects at very short notice—something 
the cumbrous machinery of UNDP has 
never been able to provide. In its first 
year, 190 projects have been approved 
under this programme. The success of 


this scheme certainly owes a good deal 
to another innovation, much criticised 
when announced: the appointment of 
FAO representatives to certain coun- 
tries, again in order to provide direct 
and rapid contact in critical areas. 

Two other activities came in for 
special approval from many delegates 
in Rome. One was the Seed Improve- 
ment and Development Programme, 
fundamental to increased production in 
the developing countries. The other 1s 
the campaign against post-harvest food 
losses-something for which every 
FAO Conference has asked since the 
organisation came into being. Since it 
is estimated that cutting such losses by 
half could save up to $7,500 million a 
year in the foreign exchange for the 
developing countries, the amount 
allotted for initiating this campaign, a 
mere $10,000, seems modest indeed. It 
is hoped to double this with external 
contributions. 

Referring to the 1979 World Confer- 
ence on Agrarian Reform and Rural 
Development, Saouma said that he 
wishes to “avoid confrontation, rhet- 
oric and confusion’: many observers 
must have noted that he certainly 
managed this at his-own Conference, 
at a time when politicising and back- 
biting have come to be a normal part 
of such major international meetings. 
This is perhaps another good augury 
for his ability to control the spending 
of the $237,377,000 he is asking for his 
regular budget for the biennium 
1978-79. Peter Collins 
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Australian election leaves 
uranium issue confused 


J AST weeks’ general election in 

Australia scarcely changed the mas- 
sive majority held by the Liberal and 
National Country Party coalition 
government. Nor has it changed the 
odds on whether or when Australia is 
to become a major exporter of 
uranium. 

At first sight this observation may 
seem paradoxical—even perverse. 
Surely such a total victory must have 
fortified Mr Fraser and his government 
in their confrontation with the oppon- 
ents of uranium mining? This certainly 
seemed to be the view of the uranium 
mining companies expressed through 
their lobby organisation, the Australian 
Uranium Producer’s Forum. Within 
hours of the election result being 
known the forum’s chairman declared 
that the Fraser government now had 


a mandate for its uranium export 
policy. Unfortunately even if one 


accepts the dubious mandate the mining 
companies’ view is without foundation. 

While the government parties polled 
about 48% of the national vote, the 
combined vote of the two main parties 
advocating a moratorium on uranium 
mining, the Australian Labor Party 
and the Australian Democrats, was 
almost 50%. Furthermore, it would be 
hard to argue that the uranium issue 
was at the forefront of most voters’ 
minds as they went to the polls. 
Although it had been seen, before the 
event, as a crucial issue in a December 
general election, in the event uranium 
received relatively little attention 
during the campaign. The government 
parties, in particular, seemed to go 
almost out of their way to avoid dis- 
cussing uranium and nuclear power. 
In an opinion poll conducted eight 
days before the election, one of the 
more respected polling organisations 
found that only 5% of voters con- 
sidered uranium export to be the most 
important election issue. Thus the 
election result is in no sense a positive 
endorsement by the majority of 
Australians of the government’s policy 
on uranium. 


Government undeterred 

This fact is unlikely to deter the 
government from attempting to claim 
a mandate for its policy. And the 
election result is certain to increase its 
confidence in seeking a confrontation 
with those who oppose it, which means, 
principally, . individual unions or the 
trade union movement as a whole. 
There Mas been considerable specula- 
tion about when and how such a con- 
frontation may occur. In the transport 


of yellowcake, unions have already 
taken industrial action on uranium. 

The most crucial of the unions are 
almost certainly those in the building 
and engineering industries, whose mem- 
bers will have to be involved in con- 
structing the mine and mill. These 
unions are mostly large, well organised, 
and strongly opposed to the mining 
and export of uranium. They seem 
certain to be in the vanguard of any 
confrontation with the government. 
While it is obvious that a great many 
factors will determine the outcome of 
a confrontation, should it occur, the 
support which the unions receive from 
the labour movement as a whole and 
from the general community will 
clearly be of great political importance. 

There is now a large and articulate 
opposition to uranium export, co- 
ordinated nationally through the move- 
ment against uranium mining. While 
not yet as large as the movement 
opposing the Vietnam war was at its 
peak, the opposition to uranium mining 
appears to be both better organised and 
politically more sophisticated. 

Up till now Mr Fraser has treated 
the uranium issue with great circum- 
spection. His failure to use it as an 
election issue could be taken to indicate 
uncertainty about the popularity of his 
policy. In explaining the policy, he 
emphasised that following the reports 
of the Ranger Uranium Environmen- 
tal Inquiry (otherwise known as the Fox 
reports) he has demonstrated in both 
word and action the importance he 
attached to improving safeguards 
against nuclear weapons proliferation. 
All these moves may have been effect- 
ive in reassuring uncommitted opinion 
on the uranium issue; though if Mr 
Fraser was hoping that he would also 
placate his opponents, he must have 
been disappointed. 

However, there are now signs that 
the government is being less cautious in 
pursuing its uranium export objectives. 
For example. it has so far failed to 
provide the necessary finance and 
administative support for the team 
appointed to carry out environmental 
research and = supervision in the 
Alligator Rivers region of the Northern 
Territory, where the major uranium 
deposits are located. While the hold-up 
may simply be the result of bureau- 
cratic inertia or parliamentary delay, 
the opponents of uranium mining are 
inclined to see it as presaging the break- 
ing of promises on environmental 
protection. 

Much more important, at least in the 
international context, was the state- 
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ment in the last week of the election 
campaign by the Deputy Prime Minister 
and Minister for National Resources, 
responsible for uranium in Mr Fraser’s 
pre-election government, Mr Anthony. 
He announced that the government 
was reconsidering its policy of prohibit- 
ing the reprocessing of spent reactor 
fuel made from Australian uranium, 
and does not wish to rule out reproces- 
sing by ‘acceptable’ countries. This 
change in policy would make it difficult 
for the government to continue to 
argue that by exporting uranium it 
was furthering President Carter’s policy 
of preventing reprocessing and the 
plutonium economy by providing ready 
access to supplies of nuclear fuel. 

Mr Anthony has consistently been 
far more ‘blunt than Mr Fraser in his 
support for uranium mining and his 
Statement may not have the support of 
Mr Fraser. In the immediate aftermath 
of the election it is not certain that 
Mr Anthony will retain responsibility 
for uranium development in Mr 
Fraser’s new government. However, his 
statement undoubtedly reflects the 
problem the government is having with 
its policy on proliferation. President 
Carter’s ipolicy on nuclear fuel repro- 
cessing is clearly in some difficulty, and 
may be abandoned. More important 
from the Australian government's 
point of view will be the firm commit- 
ment to reprocessing by its major 
potential uranium customers: Japan, 
West Germany, and the UK. 


Economic question 
Finally, there is the question of 
the economics of uranium mining. 
Canadian officials involved in making 
decisions on the development of the 
new uranium prospects in Saskatche- 
wan recently expressed amazement at 
what they considered to be highly 
optimistic expectations of both sales 
volume and price of uranium held by 
the Australian government and mining 
companies. The uranium debate in 
Australia does not so far appear to 
have comprehended the considerable 
down-turn in uranium market prospects 
over the next ten years or so, which 
has taken place recently. When the 
Australian people realise that an im- 
mediate start to uranium mining may 
not bring the great economic benefits 
they have been led to expect, they may 
be less willing to support the govern- 
ment in any confrontation that may 
occur. It is noteworthy that one 
of the few seats to record a significant 
swing against the government was 
Northern Territory, where much pub- 
licity has been given to the posstble 
economic benefits of uranium mining. 
There is still a very long way to go 
before Australia becomes a major 
uranium producer, 

Hugh Sadler 
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Letter from Argentina 


Sir,--l welcome the concern Louise 
Harel, Jose Uriel and Jean-Claude 
Salomon show to my countrymen (3 
November, page 8) by inviting pro- 
fessionals not to participate in the 
twelfth International Congress of 
Cancerology to be held in Buenos 
Airės, in October 1978. 

However, while | beleve that sincere 
international solidarity can be of great 
help in the fight for universal human 
rights, and while I welcome the 
writers’ desire to see democracy up- 
held, | believe their proposal in this 
case is misguided, 

Many countries are suffering from 
terrorism. In Argentina scientists, pro- 


fessional people, students, workers, 
policemen and the military, priests, 
women and children have been 


affected. It is true that there is a long 
list of people who have disappeared or 
been kidnapped and that some have 
been forced to emigrate by intimidating 
threats and torture. But action is also 
being taken agatfnst all kinds of ter- 
rorism. President Videla has re- 
peatedly declared that the state is the 
only force charged with the security 
of people and that any illegal repres- 
sion will be severely punished. He has 
also expressed the need for exchange of 
opinions if Argentina is to be based 
on a renewed, stable and progressive 
democracy. 

These concepts are shared by the 
Permanent Assembly for Human 
Rights and by the Argentine League 
for the Rights of Man, both function- 
ing legally. Political personalities, 
cultural and scientific representatives, 
as well as others from all branches of 
activities, publicly condemn the ter- 
rorist violence and call for an end to 
persecution and arbitrary repression. 

But ts a decision to boycott the Inter- 
national Congress an appropriate way 
of expressing solidarity? Is it in effect- 
ive way of helping us reach a demo- 
cratic goal? F think not. One of the 
objectives of terrorism is to disorganise 
the life of a country, to create a 
climate of intimidation and to isolate 
the nation from the international com- 
munity. A boycott of the Conference 
would contribute to this isolation and 
would favour the plans of terrorists to 
promote chaos. The fight against ter- 
rorism should stem from the organised 
way of life of the country itself, which 
will break up antisocial manifestations. 
The government has assumed this 


responsibility by proclaiming its 
monopoly of repressive actions against 
terrorism. It is also the responsibility 
of the democratic forces which speak 
out for the right to work in peace and 
liberty. This is what scientists, pro- 
fessional people, workers and their in- 
stitutions and associations are. doing. 
All these activities are proceeding in 
spite of economic restrictions and social 
violence and they should be supported. 

No matter how great the concern of 
our colleagues abroad, Argentinians 
are far more concerned about showing 
support for security and peace. It is 
precisely to show solidarity with our 
efforts that foreign scientists should 
come to our country, should acquaint 
themselves with our complex reality, 
should make their contributions 
towards the fight against cancer and 
should acquaint themselves with the 
Argentinian work on the subject. 

I am making this appeal as a 
scientist who has been dismissed from 
his position in the National Council for 
Scientific and Technical Research 
(CONICET), for “service reasons”, 
without any justification. I have not 
emigrated, neither have most of those 
affected. I have asked for reconsidera- 
tion and I wall continue my fight for 
justice. I am going to participate in the 
International Congress of Cancerology 
with my modest contribution under 
such difficult circumstances. I am 
confident that the patriotic forces of 
our country, both military and civil, 
will find a way of effectively restoring 
democracy. All honest Argentinians 
are striving for this end. The presence 
of foreign scientists at the Congress 
will be an expression of respect and 
solidarity with our human and scientific 
endeavour when we need it most. 

EMANUEL LEVIN 
Buenos Aires, Argentina 


Go to Argentina 


Sir,—-Once more the European scien- 
tific community is threatening to 
boycott the scientists of a specific 
country because of the type of govern- 
ment they have (‘Petition for Argent- 
injan scientists’, 3 November, page 
8). I think this is unfair to the great 
majority of scientists and students of 
the particular country. I would like to 
comment on this problem by taking the 
example of Chile, my native country. 
As a small country with a low 
population, mainly supported economic- 


ally by copper exportation, Chile used 


to have the reputation of being an 
example of democracy in a continent 
where, together with two or three other 
countries, it was the exception. Its 
universities had excellent research 
groups in many disciplines able to 
compete with scientists from much 
richer countries. 

All this was jeopardised by the 1973 
military “putsch”; the research effort 
was severely affected but not killed (see 
“Science in Chile since Allende”, 
Nature 265, 486, 1977). Many Chilean 
scientists left the country, some because 
of direct persecution, others because 
of political ideas or moral convictions. 
The first of these groups was composed 
of scientists who had key positions 
during the 1970-73 period, or who 
were considered to be important by the 
“new lords”. Many of these people 
were Imprisoned and then went abroad 
through embassies. In the second group 
are many scientists who had already 
been abroad and for whom the possibi- 
lities of obtaining good positions in 
the USA and Europe were favourable. 

Some university departments had to 
close down because all the teaching 
staff had left. This was the case for 
disciplines like physics and mathe- 
matics. In the field of biochemistry, 
however, an important number stayed, 
although many left. Who are these 
women and men who did not leave? 

Are they all fascists as is generally 
assumed, mainly in Europe? One thing 
is clear to me: the longer they remain 
isolated from the rest of the world, 
the more likely it is that they will 
become convinced by the government 
of the so-called “general Marxist con- 
fabulation against Chile’. There may 
be a small fraction of native academics 
that is sympathetic to and even en- 
thusiastic about the “junta”, but most 
of the Chilean scientific community is 
made up of convinced democrats who 
have supported leftist or left of centre 
political positions. For professional or 
familial reasons they have stayed in 
Chile. 

What happens when an invitation or 
the opportunity to visit Chile is open 
to a foreign scientist? Immediately 
thousands of voices Tull of fury are 
raised to protest against such support 
of the authoritarian regime. This is 
extremely evident among European 
unions or intellectuals. Of course, other 
annual exchange programmes organised 
by certain European governmefits with 
other dictatorship-ruled countries do 
not raise such a reaction. 
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The attempt to isolate Chile reminds 
me of a similar attempt to isolate 
Brazil a few years ago. Although the 
Brazilian government is still very 
authoritarian, scandals are no longer 
caused when foreign scientists are in- 
vited to Brazil. Moreover, the great 
majority of the Brazilian scientists are 
opposed to the military government 
(although many of them returned to 
Brazil after the military took over, 
because of very important salary rises). 

The main victims of this isolation, at 
least in the case of Chile, were the 
common people and more specifically 
scientists and students. The Chilean 
government, less stupid than generally 
thought, has used the argument of “‘all 
against us” as a powerful nationalistic 
tool, It seems aberrant to me that while 
scientists from all over the world are 
being persuaded from going to Chile, 
a superpower, which originated and 
supported the isolation campaign, is 
engaged in an exchange of political 
prisoners with the Chilean government, 
giving a tremendous popular credit to 
the military junta inside the country. A 
visit of all Nobel laureates to Chile, 
would not strengthen the military as 
the exchange of prisoners did. 

Attending an international scientific 
meeting or visiting a Chilean or 
Argentinian university is not synony- 
mous with supporting the military 
government of these countries. On the 
contrary it is a unique opportunity 
to contact scientists and students and 
to encourage and help them to over- 
come the scientific and moral isolation 
they suffer. 

We have to remember the case of 
Spain, a country which until a few 
years ago had the same type of govern- 
ment as Chile and Brazil now have. As 
long as it was isolated from the world 
no hope of ending the dictatorship 
existed. As more and more foreigners 
entered the country, an irreversible 
flow towards democracy started. 

No tourist boom can be expected in 
Chile or Argentina, but scientists and 
academics passing through can be an 
indispensable link with students and 
scientists. Without this bond, they may 
be convinced by the chauvinistic argu- 
ments used by the government each 
time a world campaign is organised 
against it. 

This is a plea not to support the 
South American dictatorships or to 
ease the criticisms against them but to 
maintain a link between their scientific 
communities and the rest of the world. 
This may be the unique possibility of 
keeping alive the result of years of 
effort, and the only hope of evolution 
towards the revival of democracy in 
these countries. 

. SIMON LITVAK 


University of Bordeaux France 
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Competition 15 asked for an appro- 
priate quote for our front cover. A 
good varied entry with an honourable 
mention to D. Irwin (Boston) for 
‘“Pereant qui ante nos nostra dixe- 
runt” (May those perish who have 
said our things before us). But £10 
goes to the Mammalian Development 
Unit, University College, London 


who communally turned up: “Is 
this,“ I cried, “the end of prayer and 
preaching? Then down with pulpit, 
down with priest, and give us 
Nature’s teaching! ” (Whittier) 
Competition 16. To the uninitiated, 
many scientific pictures are ambig- 
uous : a section through a cell could 
equally be a slice of a lunar rock. 
Readers are invited to give a mis- 
leading caption to any picture that 
has appeared in, or on the cover of, 
a recent Nature. £10 to the winner. 
Entries to Competition 16, Nature, 
4 Little Essex Street, London WC2 
by | February 1978. 





Technik or technics 


Sir,—On most topics, | would not set 
out to disagree with those who write 
to support me, However the question 
is too important to let go: it concerns 
the separateness of the German-lan- 
guage notion of a third culture of 
Technik. 

Rey and | (1 September, page 2) 
argued that the idea of Technik repre- 
sents a missing concept in English, 
whereas Cavalier-Smith (20 October, 
page 646) would like us to follow Lewis 
Mumford instead and revive the 
English word “technics”. We avoided 
“technics” because Mumford got 
things very wrong in the book referred 
to, Technics and Civilisation, 

Notably he argued for a distinction 
between the “neotechnics” of the age 
since about 1880 or so, and the 
‘“naleotechnics” which went before. Of 
the period just before neotechnics, he 
wrote that its inventions “came into 
existence, for the most part, without 
its [science’s] direct aid”; whereas later 
in the “neotechnic phase, the main 
initiative comes, not from the ingenious 
inventor, but from the scientist who 
establishes the general law: the inven- 
tion is a derivative product”. 

Detailed investigation does not 
support this viewpoint, or the distinc- 
tion between ages of manufacture on 
which Mumford’s thesis is founded; 
science has always influenced manufac- 
ture, but never controlled it, Neither 
does detailed investigation support the 
viewpoint of R. J. Forbes, the author 
of Man the Maker (1950, Shuman), 
another hero of the historians of “tech- 
nology”. He writes his subject up, most 
misleadingly, as an account of the ex- 
ploits of “applied science” through the 
“conquest of nature’. A reliable book 
of the influence of Technik on the 
culture has yet to be written. 

I am absolutely at one with Cavalier- 
Smith, however, that there is only harm 
to be done to science in the long term, 
through a blurring of the distinction 
between science and the technical 


functions of manufacture. One vehicle 


for this harm has been the ghastly 
construction called “technology”; the 
only “-oọology™ in history to make useful, 
bulky artifacts as a primary output, a 
word which outsiders to manufacturing 
use when they want to hide their ig- 
norance of it. 
M. FORES 


London, UK 


Sunflower’s siesta 
Sir,—Observations on the sunflower’s 
night life (8 September, page 102) 
prompt me to put on record a 
piece of its daylight behaviour which 
I have never seen described before. In 
lurkey, in July this year, | consistently 
saw that at | pm on bright days the 
flowers all faced the sun but by 2.30 pm 
all heads had turned away and faced 
north. At about 5 pm they again began 
to face the evening sun and ended the 
day facing west. 

Perhaps even the sunflower finds the 
Turkish afternoon summer sun a bit 
hot and has a thermal switch over- 
riding the sun-tracking mechanism, so 
that it can have a siesta. Is the siesta 
phenomenon unusual, or do sunflowers 
always behave like this in hotter 
climates? 


Roperr G. MILNE 


Torino, Italy 
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news and views 





Immune surveillance revisited 


from R. W. Baldwin 


THE immune surveillance theory as 
developed by Burnet (/mmunological 
Surveillance, Pergamon Press, Oxford, 
1970) proposes that a central role of 
the immune response is to provide a 
natural defence against cancer and this 
was later developed to emphasise the 
importance of thymus-dependent lym- 
phocytes. It was, therefore, more than 
a little disconcerting to find that con- 
genitally athymic (nude) mice do not 
have an increased incidence of spon- 
taneous cancers and they are no more 
susceptible than conventional mice to 


chemical carcinogens (reviewed by 
Stutman, Adv. Cancer Res. 22, 261; 
1975). 

It is axiomatic, however, that 


nothing in tumour immunology is 
simple and it has recently been pro- 
posed that whereas T lymphocytes may 
be an important component of the 
responses induced by immunological 
manipulations, such as immunotherapy, 
they may not have a central role in 
more natural conditions such as those 
involved in recognising clones of trans- 
formed cells. Instead, attention is being 
focused on so-called ‘natural killer 
cells’ since these fit almost exactly the 
immunologists’ design for a surveillance 
cell in being able to recognise and kill 
malignant cells without previous sensi- 
tisation. The basic observation which 
drew attention to natural cell-mediated 
immunity arose out of quite extensive 
studies comparing the in vitro cyto- 
toxicity of peripheral blood lympho- 
cytes from cancer patients and normal 
donors for cultured cancer cells. 
Initially these investigations were inter- 
preted to show clear-cut specific 
cytotoxicity by ‘sensitised’ lymphocytes 
from patients, but in later studies by 
Takasugi er al. (Cancer Res. 33, 2898: 
1973) and Oldham e? al. (J. natn. Can- 
cer fast. 58, 1305; 1975) it became 
apparent that lymphocytes from nor- 
mal individuals, who would not be ex- 
pected to have been exposed to the 
relevant cancer-associated antigens, 
were also cytotoxic. Moreover in many 
Robert W. Baldwin is Professor of Tumour 
Biology in the University of Nottingham. 


instances the natural cytotoxicity of 
lymphocytes from normal individuals 
was even greater than that seen with 
similar preparations from cancer 
patients. Natural cell-mediated immu- 
nity has since been examined using 
more closely controlled animal systems 
and, as in humans, lymphocytes from 
normal mice and rats have proved to 
be cytotoxic in vitro for tumour cells, 
especially those of lymphoid origin. 
In the mouse and rat, normal killer 
(NK) cells have been detected in most 
lymphoid organs, with particularly 
high activity in the spleen, lymph node 
and peripheral blood whereas in 
humans, studies have mostly been re- 
stricted to peripheral blood lympho- 
cytes. In mice NK cells develop in 
the absence of the thymus and appear 
and disappear in a highly typical 
manner, reaching peak levels at be- 
tween 5 and 8 weeks of age. NK cell 
activity is also under genetic control, 
allowing the classification of low and 
high NK cell strains. The position in 
other species, especially humans, is still 
unclear, but it has been proposed that 
NK cell activity may be related to 
HLA phenotype. The characterisation 
of NK cells is more controversial and 
it is this aspect of the problem which 
leads to most confusion, In the mouse, 
the NK cell is thought not to be a 
mature T cell because of its presence 
in athymic mice, although Herberman 
and Holden (Adv. Cancer Res, 2X7, in 
the press) have suggested that it might 
be a primitive T cell. The character- 
istics of NK cells in humans are even 
less well understood and at present the 
only point of general agreement is that 
these cells are not macrophages. 
Although it has been implied that 
natural killer cells may provide the host 
with a natural barrier against malig- 
nant cells, evidence on this point is 
sparse. The resistance to growth of 
transplanted tumours, including those 
of human origin, in athymic nude mice 
has been correlated with their high 


levels of natural cell mediated cyto- 
toxicity. This evidence is not suff- 
ciently compelling, however, since 


these animals have been reported by 
Pimm and Baldwin (Nature 254, 77; 
1975) to be able to reject tumours 
through macrophage-mediated reac- 
tions. More convincing are studies by 
Kiessling and his associates (nt. J. 
Cancer 15, 933; 1975) correlating the 
growth potential of transplanted 
tumour cells in different strains of 
mice with their levels of NK cell acti- 
vity. Also within one strain Sendo 
et al. (J. natn. Cancer Inst. 58, 603; 
1975) found that resistance to a trans- 
planted tumour changed with age in a 
pattern similar to the known age- 
dependent variation of NK cell activity. 
These approaches have been further 
extended in a study now published 
by Haller er al. (this issue of Nature, 
page 609) which provides more direct 
evidence for a role of NK cells in 
suppressing tumour growth. Mice were 
thymectomised, irradiated and recon- 
stituted with anti-T-cell treated bone 
marrow cells or foetal liver cells. When 
lymphoid cell donors of a compatible 
substrain of high NK cell activity were 
used, the transplanted tumours were 
rejected, whereas no resistance was 
observed in mice receiving cells from 
donors with low NK cell activity. These 
findings point to the potential of NK 
cells in tumour resistance, although 
whether they have a ‘decisive role’ re- 
mains to be established. In this context, 
it is pertinent that cells with similar 
characteristics to NK cells can be iso- 
lated from tumour biopsies, and that 
bacterial vaccines such as bacillus 
Calmette Guérin (BCG) and C, par- 
vum which are being widely used in 
cancer immunotherapy trials mar- 
kedly influence NK cell activity. One 
should guard against a too unitarian 
view, however, since many of the ap- 
proaches for enhancing nonspecific 
immunity against cancer by the use of 
bacterial vaccines are known to re- 
quire macrophages. Nevertheless the 
concept of a nonspecific lymphocyte 
which recognises abberrang cells is 
attractive for the immunosurvegillance 
concept and augmentation of these cells 
could have therapeutic potential. [7 
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Are comets dirty snowballs 


or dust swarms? 


from David W. Hughes 


Hearen debates in science are always 
fascinating and none more so than 
the long standing one between 
cometary scientists as to whether 
comets are made up of a swarm of 
small, meteoric dust particles or a 
single kilometric sized icy nucleus. 
More fuel has been heaped on the fire 
recently by Lyttleton (Q. JI R. Astron. 
Soc. 18, 213; 1977) and Fellgett (The 
Observatory 97, 23; 1977). 

Both authors base their argument on 
that well worn principle of scientific 
methodology first propounded by 
William of Occam in the fourteenth 
century. Occam’s Razor intimates that 
theories should be based on as few 
hypotheses as possible. Hypotheses must 
not be invented merely to explain 
away difficulties, especially if those 
hypotheses are not suggested by other 
features of the phenomena under 
investigation and cannot be tested in 
any way. 


Swarm or macronucleus? 

How does this apply to comets and 
especially to the debate between the 
swarm enthusiasts, of which Lyttleton 
and Fellgett are the most enthusiastic. 
and the large army of macronucleus 
supporters? First, I shall explain the 
two concepts in more detail. The classi- 
cal view, held by most people up to 
the early 1950s, is that a comet Is a 
vast swarm of tiny particles separated 
by very large distances—around 10” 
particles of mean size about 10°? cm 
separated by tens of metres. The aver- 
age comet diameter is about 100,000 km, 
average mass around 10g, spatial 
density less than 10°" g cm”. The icy 
conglomerate model was formalised 
by F. Whipple in the early 1950s 
(Nature 263, 15; 1976) and since then 
it has gained pre-eminence. Here the 
fount of cometary phenomena is a 
single kilometric sized body containing 
about 25% by mass dust particles, the 
rest being ices of methane, ammonia 
and carbon dioxide embedded in H:O 
snow as hydrates or clathrates. A 
comet of mass 10% g would have a 
nucleus about 6km across with a den- 
sity around 1.1 g cm. 

Both these models are hypothetical 
and as such Occam’s Razor seems 
powerless to distinguish between them. 
The swarm is so tenuous that it would 
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have to extend over 10° km in the line 
of sight before it ceased to be trans- 
parent. A solid nucleus of length 1 km 
transverse to the line of sight at 1 AU 
would subtend an angle of less than 
0.002 arcs at an Earthbound observer 
and is thus way below the resolution of 
all present day telescopes. So both are 
unobservable. 


Cometary origin 
Hypotheses on cometary origin also 
seem powerless to distinguish between 
the two models. Swarm comets are 
supposedly formed by accretion from 
an interstellar cloud. Particles stream- 
ing past the Sun become gravitationally 
focused downwind, lose energy by 
inelastic collisions, are retarded to 
velocities below the escape velocity and 
then become gravitationally attracted 
to the Sun. slight perturbations pre- 
venting them actually falling into it. 
Dirty snowball comets are supposedly 
the remnants of an enormous family 
of planetismals, some of which coal- 
esced to form the planets Uranus and 
Neptune. These cometary planet- 
ismals were perturbed (by planetary 
encounters) out of their original orbits 
to the Oort sphere, a great (but again 
unobservable!) comet reservoir some 
40,000 AU from the Sun, from which 
they are periodically perturbed by 
passing stars into orbits with perihelion 
passages among the planets. Both 
theories are possible but obviously it 
requires only a small addition to the 
interstellar accretion theory to produce 
icy nuclei anyway. The fact that dif- 
fuse interstellar dust and gas clouds are 
considered to be the parents of stars 
and planets (and we should at least be 
convinced that planets exist) does not 
put this beyond the bounds of possi- 
bility. If the planetismal theory is true, 
all comets are as old, if not slightly 
older than the planets (giving them an 
age just over 4.6x10° years) and the 
number of comets in the Solar System 
must have been decreasing ever since. 
Fortunately icy nuclei comets can be 
kept in ‘cold storage’ in the Oort 
sphere. Accretion mechanisms have 
the advantage that the comet family 
can be enhanced every time the Sun 
passes through a dust cloud. Here 
comets can have a wide range of ages. 
It is to be hoped that the observa- 
tions of cometary phenomena can dis- 
tinguish between the two models. 
Evidence is needed that points unequivo- 
cally at one or the other (or neither). 
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Unfortunately both models can ex- 
plain many phenomena with reasonable 
success. The coma can be formed by 
desorption from the solid meteoroids 
in the swarm or by ice sublimation 
from the nucleus. Desorption is 
enhanced by the interparticle collisions 
which take place near perihelion as 
the individual particles in the swarm 
move from above to below the median 
plane of the swarm orbit. Collisions 
also bring about the emission of light 
and the release of gases. Sublimation 
increases as the temperature of the 
nucleus increases. Meteoroid streams 
can be formed by the ejection of 
particles from the nucleus by gas press- 
ure or by the fragmentation of swarm 
particles. 


Phenomena 

The problematic phenomena are as 
follows. The coma generally contracts 
as the comet approaches the Sun, 
roughly in proportion to its helio- 
centric distance, and then expands 
again as it recedes. A swarm would 
do this. However, the observation is 
much more difficult to explain with an 
icy nucleus. The sublimation of the 
diferent icy species would have to 
have an unusual temperature depen- 
dence to fit the observations. 

Some comets engender intrinsic 
forces which change their periods, this 
change being non-random and continu- 
ing from one orbit to the next for tens 
of years. The periods can both increase 
and decrease. Lyttleton explains how 
perihelion collisions in a swarm can 
result in a loss of orbital energy and 
an acceleration of the mean motion. 
But how can the energy of the swarm 
increase and the period decrease? With 
a rotating icy nucleus (and what is not 
rotating in the Solar System?) any 
delay in the sublimation process would 
produce a jet force with a component 
normal to the solar direction and thus 
accelerate or decelerate the orbital 
motion, depending on the sense of 
rotation. 

Comets are seen to split up into 
separate components which move apart 
with relative velocities of a few 
ms‘. Asymmetrical jet action could 
spin-up the icy nucleus until it breaks 
up under the action of centrifugal 
force. It is difficult to envisage how 
swarms can split up. 

Some comets undergo outbursts, 
sudden increases in brightness which 
can be as large as a hundred-fold. In 


Nature Vol. 270 15 December 1977 


the case of comet Schwassmann- 
Wachmann I the occurrence of these 
bears no temporal association with 
perihelion passage, as would be ex- 
pected if the comet was a single swarm 
of particles. An ad hoc increase in the 
number of swarms in an individual 
comet helps, but goes against the 
whole tenet of Occam’s argument. 
Meteor studies indicate that Encke has 
made thousands of orbits around the 
Sun and this gives Encke a recent 
inner Solar System lifetime of at least 
10,000 years. Long period comets are 
expected to have lifetimes easily up to 
ten times this value. The high surface 
area to mass ratio of the swarm comet 
would make it a large collision target 
for the meteoroids in the Solar 
System dust cloud and collisions with 
these particles would slowly dissipate 
the swarm. Also a hierarchy of particle 
sizes would lead to a conspicuous 
spreading of the swarm along its orbit 
over 10,000--100,000 years under the 
action of the Poynting—Robertson 
effect. Swarm comets would thus have 
shorter lives than icy nucleus comets— 
possibly too short to agree with meteor 
stream data. 

Some Sun-grazing comets actually 
pass through the solar corona, and the 
dusty insulating layers surrounding an 
icy nucleus seem to be required to 
enable the comet to withstand the 
intense heat. Swarm particles would 
vapourise. Even though recondensation 
is possible, the gas content and thus 
cometary activity would be much 
reduced. 


Arguments 

These are some of the arguments 
that crop up in the debate—a debate 
which is not without its fair share of 
invective. For example, Whipple (op. 
cit.) dismisses the swarm hypothesis as 
‘totally unsatisfactory’ and O’Dell (The 
Study of Comets part 2, NASA S.P. 
393, 591; 1976) describes the swarm 
and nucleus models as ‘the inconsistent 
and the unavoidable’. Lyttleton in his 
paper calls the icy nucleus model an 
‘invalid unacceptable hypothesis’ to 
which has been added ‘an elaborate 
set of ad hoc assumptions to try and 
escape the difficulties that the initia] 
conjecture itself entails’, a model 
which is ‘ruled out at once by the 
principle due to Occam’. Before intro- 
ducing the icy nucleus as a hypothesis 
‘it would be necessary to show with 
scientific certainty that specific com- 
etary phenomena exist that are 
Incapable of explanation by already 
available hypotheses’. In other words 
dust swarm out before icy nucleus in. 
But why? Surely hypotheses must be 
judged on their usefulness and not 
their historicity. Both can be subjected 
to the scientific rigour of checking and 
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Se N 
A liquid permanent magnet? 


from P. V. E. McClintock 


ACCORDING to A. J. Leggett (this 
issue of Nature, page 585) there is 
reason to believe that the A-phase of 
superfluid “He may display ferro- 
magnetic properties. An isolated 
sample of the liquid would thus be 
surrounded by its own spontaneously 
created magnetic field in much the 
same way aS a conventional steel per- 
manent magnet, although the physical 
origins of this magnetism would be 
rather difficult. 

The onset of superfluidity (below a 
temperature of 0.0026 K) in liquid 
"He is associated with the atoms 
forming themselves into pairs, each 
of which can be regarded as being in 
many ways rather like a giant 
diatomic molecule, with the two 
atoms orbiting around each other. A 
bulk sample of the liquid tries to 
arrange itself such that the angular 
momentum associated with each pair 
lies in the same direction, known as 
the 1 direction (giving rise to jin- 
triguing—-and, as yet, unresolved— 
questions about the possible existence 
and magnitude of an intrinsic, macro- 
scopic angular momentum for the 
liquid as a whole). In the A-phase 
the nuclei of the atoms in a pair are 
orientated parallel to each other and, 
because each nucleus carries a feeble 
magnetic moment, this might seem at 
first sight to offer the possibility of 
bulk ferromagnetic properties. It is 
known, however, that even in a very 
weak magnetic field the pairs of 
nuclei tend to align themselves in 
such a way that just as many lie anti- 
parallel to the field as are parallel to 
it. One can be confident, therefore, 
that the liquid will not develop any 
intrinsic magnetic field through spon- 
taneous ordering of the nuclei. What 
Leggett has done is to point to the 
possible existence of an entirely dif- 
ferent mechanism in which it is the 
electrons of the “He atoms that might 
be able to produce magnetic effects. 


It is well known that in a rotating 
diatomic molecule the electron shells 
tend to ‘slip’ a bit: the atoms forming 
the molecules do not orbit each other 
like rigid spheres. Thus, a little of the 
rotational angular momentum of a 
molecule gets transferred to the 
electrons around each of its two con- 
stituent atoms, producing electrical 
currents which in turn give rise to 
magnetic fields. For a conventional 
diatomic gas, however, the net mag- 
netic field resulting from this pheno- 
menon averages to zero because all 
the molecules are orientated at 
random relative to each other. (The 
effect may still be observed, though, 
from the broadening of nuclear mag- 
netic resonance lines resulting from 
the randomly modified local magnetic 
field in which each nucleus finds 
itself.) 

For “He-A, on the other hand, the 
‘molecules’ form a highly ordered 
system, so that the magnetic contri- 
butions of different pairs will re- 
inforce each other, producing a 
macroscopic magnetic field whose 
direction will depend on that of the 
| vector. Leggett estimates the mag- 
nitude of this field, and he reaches 
the conclusion that it should be 
detectable in a suitably designed 
experiment. 

If superfluid “He-A is really ferro- 
magnetic-—-and, on the basis of the 
simple ‘giant diatomic molecule’ 
model of the pairing, this conclusion 
seems to be almost inescapable—there 
will, as Leggett points out, be a 
number of interesting implications. 
Not least is the fact that the super- 
fluid would apparently have been 
found endowed with yet another form 
of uniqueness: as being the only 
ferromagnetic liquid known in nature. 
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improvement. To quote Fellget: ‘it is 
not permissible to go on copying the 
same assumptions from one publica- 
tion to the next, while simply ignoring 
either the contrary evidence or the 
lack of positive evidence’. So the 
adherents of the swarm hypothesis 
must investigate explicitly how a 
swarm can accelerate as well as de- 
celerate in its orbit, how it can split 
up, produce outbursts, and how it can 
exist as a specific entity for 10° to 
10° years. Those who favour the icy 
nucleus must again carefully investi- 
gate processes which can produce the 


observed variation of coma size with 
heliocentric distance, the asymmetry 
of coma brightness, and the sometimes 
quickly varying spatial and temporal 
light condensations in it. But how can 
we satisfy Lyttleton? 

He predicts that there is little possi- 
bility of this argument being resolved 
‘short of some startling optical develop- 
ment useable from Earth, or that the 
Earth should run directly injo a long- 
period comet or a successful cometary 
mission has been carried out with equip- 
ment capable of finding the nucleus if 
it is there’. The second of these points 
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could, however, have been satisfied. 
Comets are not rare and Earth must 
have run into many in its lifetime. 
Brown and Hughes (Nature 268, 521; 
1977) found that a small 5x10"-g 
comet hits Earth on average about 
every 2,000-4,000 years. Now swarm 
nuclei have cross-sectional areas about 
60 times that of the Earth. An Earth- 
swarm impact would be equivalent to 
an intense and very short lived (~1 h) 
meteor shower. Unfortunately this 
would be indistinguishable from the 
phenomena produced by the passage of 
the Earth through an active new meteor 
stream. On the other hand, an impact 
between Earth and an icy nucleus comet 
would produce a large explosion low 
in the atmosphere or at ground level; 
Brown and Hughes proposed the 
Tunguska event as a strong candidate 
for just this type of impact. Unfortu- 
nately the surface evidence of such a 
cometary impact would be wiped out 
by erosion and the regrowth of vege- 
tation after a relatively short time 
(~100 years). So we are lucky that 
Tunguska occurred only 70 years ago 
and is still evident. Older impacts have 
long since been erased. Needless to say, 
to propose that Tunguska was prob- 
ably caused by a cometary impact is a 
far cry from regarding the Tunguska 
event as definite proof that comets have 
small dirty snowball nuclei. 

I think the evidence is strongly bal- 
anced in favour of the icy nucleus 
model but it must always be remem- 
bered that it is only a model, not 
established fact. We still are far from 
knowing what a comet is for certain. 


Gel motility 


from Dennis Bray 


Like the electron, the cell shows a 
different face according to how it is 
treated; at least, that is the conclusion 
to be drawn from recent papers on cell 
movement. Even the intuitive picture 
of the inside of the cell seems to 
depend on the techniques used. To the 
biochemist for example, who isolates 
actin and myosin from various tissues, 
the cytoplasm appears to be full of 
miniature muscles. Membrane-anchored 
actin filaments slide against short 
myosin segments and in this way 
generate cell extension, membrane 
flow and intracellular movements. This 
‘biochemical’ view has the unique 
advantage that it gives immediately the 
molecular details of force generation, 
but the overall picture is very blurred. 
How the small contractile elements are 
to be distfibuted and coordinated within 
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the cell is problematic and left largely 
to the imagination. By contrast, the 
‘cytoskeletal’ view—-which has been 
engendered mainly by the use of fluor- 
escent antisera—shows the position of 
the fibrillar proteins directly. Here the 
cell is a complex basketwork of actin 
cables, microtubules and 100A fila- 
ments, sometimes linked together in a 
geometrically precise fashion. The 
relationship of the different proteins 
to each other can be seen in gross 
terms, but so far it has not been pos- 
sible to go down to molecular dimen- 
sions. Moreover, this picture has a 
distinctly inflexible quality and move- 
ment with such accessories calls to 
mind the grudging articulation of a 
child’s construction set. 


Most recently a number of investiga- 
tors have, at least by implication, 
returned to what might be called the 
cytoplasmic or ‘amoebic’ view. They see 
the cytoplasm as a substance that can 
flow or set on demand and thus pro- 
duce within the confines of the 
membrane the means of locomotion. 
The experimental basis of such work is 
the cell-free extract that can either 
move or change its consistency in a 
meaningful way. This was first shown 
to be possible in an experiment of 
Allen and coworkers (Nature 187, 896; 
1960), and a major part of the con- 
temporary work is a direct descendant 
of this. As summarised by D. L. 
Taylor (Cell Motility, Cold Spring 
Harbor 797, 1976), the cytoplasm of 
free-living giant amoebae may be 
isolated into various test solutions 
where it responds according to their 
composition. Without free calcium the 
cytoplasm is immotile and lacks bire- 
fringence while the addition of as little 
as 7x107 M calcium will cause con- 
traction. Cells ruptured in threshold 
concentrations of calcium will extrude 
cytoplasmic ‘flares’ very like pseudo- 
podia without their membranes. These 
transitions have been related to changes 
occurring within the intact amoeba 
and, in turn, there are indications that 
they depend on the state of aggrega- 
tion of the cytoplasmic actin. The latter 
feature has been shown very clearly in 
recent work on the slime mould 
Physarum in which, as in amoeba, the 
rapidly streaming cytoplasm has two 
distinct phases. Isenberg and Wohl- 
farth-Bottermann (Cell Tiss. Res. 173, 
495: 1976), examined the droplets 
obtained by puncturing the organism 
which are at first sol-like and then 
change in consistency and mechanical 
strength to produce a gel. The drops 
were allowed to spread on the surface 
of small aliquots of buffer and then 
caught on an electron-microscope grid. 
Under the right conditions, within 5 
minutes or so, a dramatic increase 
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occurred in the numbers of actin fila- 
ments concomitant with the matura- 
tion of the droplet: strong evidence 
that actin polymerisation is involved 
in the sol to gel transformation. 

Another lineage of experiments, 
arising from a different initial observa- 
tion but converging to a closely 
analogous position, concerns motile 
extracts of giant amoeba, acanth- 
amoeba, slime moulds, sea urchin eggs, 
macrophages, leukaemic cells and 
HeLa cells. These systems were 
recently reviewed by Hitchcock (J. Cell 
Biol. 74, i; 1977), to whom the inter- 
ested reader is referred. These extracts 
resemble the isolated amoeba cyto- 
plasm in many of their properties but 
since they involve a number of puri- 
fication steps they are—in spirit if not 
in simplicity—considered as biochemi- 
cal preparations. They share an initial 
extraction into ice-cold buffers lacking 
calcium and containing ATP, and 
most of them use either sucrose or 
glycerol. They all show a temperature- 
induced gelation and they all have as 
their major component actin. 

Beyond this the differences are many 
and somewhat confusing. Compare, for 
example, a recent paper on Dictyo- 
stelium (J. Cell Biol. 74, 901; 1977), 
with one on cultured HeLa cells (J. 
Cell Biol. 75, 95; 1977). One uses 
sucrose and a detergent in the extract- 
ing solution, the other a simple buffer; 
one extract will contract after gelation, 
the other will not; only a handful of 
the 20 or so proteins present in the 
extracts are obviously comparable, and 
so on. The burden to the casual reader 
is not made lighter by the zeal with 
which the workers in this field publish 
the minutiae of their results and their 
papers are characterised by the number 
and complexity of tables of ionic 
effects and figures showing protein 
composition. If there are general con- 
clusions to be drawn from the com- 
parison of various systems, the authors 
do not make them easy to find. 

This is not a trivial point because 
it is possible to become data-drunk and 
confuse the formal similarity between 
the various observations for a common 
mechanistic basis. One can finish with 
the belief that the patently major cyto- 
plasmic streaming and sol-gel trans- 
formation of a free-living giant amoeba 
is true of a vertebrate tissue cell: jt 
may be so; but it has not yet been 
shown. Most importantly, the fact that 
these various sources can all yield pro- 
tein gels is not evidence of a common 
physiology. Most proteins will form a 
gel if they are sufficiently concentrated 
—including muscle F-actin left in a 
refrigerator for 2 weeks—and_ their 
consistency and mechanical properties 
will inevitably depend on temperature 
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and ionic composition. No doubt there 
are gels and gels; but techniques are 
not available to make subtle distinc- 
tions. The usual test of how an extract 
falls out of an inverted tube is no more 
scientific than the criterion advanced oy 
Fats Waller: that it must be jelly 
‘cause jam don’t shake like that! 

To be fair, the investigators are 
aware of these problems and make 
every attempt to relate the phenomena 
they are studying to cellular physi- 
Ology. Already there are encouraging 
signs, such as that the contractile pro- 
perties of a macrophage extract 
depend on the phagocytic activity of 
the cells (Stossel & Hartwig, J. Cell 
Biol. 68, 602; 1976), and that cyto- 
chalasin B has a pronounced effect on 
the properties of some gel systems 
(Wething J. Cell Biol. 71, 303: 1976; 
Hartwig & Stossel J. Cell Biol. 71, 295; 
1976). One can hope that the motile gels 
will be further dissected and even that 
they can reconcile the presently diverse 
views of cellular locomotion. We are 
so spoiled by the example of striated 
muscle—-where the whole range of 
movement, from macroscopic changes 
in length down to molecular or even 
submolecular changes. can be linked 
in an unbroken series of logical steps— 
that nothing less will do. E 
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Relevance 
of parasitology 


from F. E. G. Cox 


The British Society for Parasitology 
autumn meeting on The Relevance 
of Parasitology to Human Welfare 


Today was held in London on 28 
October, 1977. 


THERE is no doubt that parasitology 
has taken off, but it is germane to ask 
if some of it may actually have gone 
into orbit. It is, therefore, essential for 
parasitologists to get their feet back 
anto the ground and that is what this 
meeting was about. In the morning 
B. O. L. Duke (World Health Organisa- 
tion (WHO), Geneva) spoke about 
medical aspects of parasitology, R. B. 
Griiths (Food and Agriculture Organ- 
isation, Rome) about veterinary aspects 
and P. T. Haskell (Centre for Overseas 
Pest Research, London) about agricul- 
tural aspects. In the afternoon two 
invited speakers commented on each of 
these aspects and introduced specific 
and general discussion. 

The morning’s speakers set the stage, 
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summarising the main areas of interest 
to and reiterating the parasitological 
problems of the developing world. The 
WHO Special Programme (News and 
Views 262, 85; 1976) was outlined, but 
there can be few parasitologists who do 
not know what the questions are and 
no real attempt was made to provide 
any answers. The Special Programme 
is arguably one of the most important 
events in the history of parasitology 
and it would be a pity if it deflected 
attention from parasites which are not 
of medical importance. Griffiths left no 
doubt that diseases such as fascioliasis, 
trypanosomiasis and theileriasis main- 
tain a stranglehold on meat production 
in the tropics, and singled out ticks as 
the major vectors of the diseases of 
domesticated animals. Considerable 
progress has been made in the control 
of these diseases—new and effective 
anti-trematode and cestode drugs such 
as Praziquantel are now available and 


successful immunisation of cattle 
against east coast fever has been 
achieved. Less dramatically it has 


been shown that larval stages of tape- 
worms which are not infective to man 
can be differentiated from those that 
are, making it possible to save vast 
numbers of carcasses. It may be that 
the amount of meat saved as a result 
of parasitological research is not much 
by western standards, but it is a major 
contribution towards raising the stan- 
dard of living in the developing world 
and supporting the increasing popula- 
tion which will result from WHO 


activities. 
Agricultural improvements are also 
necessary for the future of the 


developing world and there is evidence 
that the problems are not insoluble 
although insecticides will remain the 
major tool for many years to come. 
There is, however, much more that 
needs to be known about tropical 
ecosystems before it becomes possible 
to modify local or devise new agricul- 
tural methods, for it is now clear that 
the transplantation of western ideas 
and techniques creates new problems 
as well as solving some of the existing 
ones. In particular, the importance of 
plant nematodes is only just being 
understood (J. Bridge, Imperial 
College, London), and the differences 
between their activities in tropical and 
temperate lands may be immense. 
Land use in the tropics, especially 
Africa, is a perennial topic for dis- 
cussion and W, E. Ormerod (London 
School of Hygiene and Tropical 
Medicine) drew attention to the 
limitations that soil and rain place on 
land use (see also Ormerod Science 191, 
815; 1976). The use of indigenous 
animals as sources of food was dis- 
cussed, but possible parasitological 
problems were not considered. 

One of the major sources of disquiet 
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discussed was the lack of any real 
future for drugs against parasitic 
diseases. J. F. Ryley (ICI Ltd, Alderly 
Park) pointed out that the development 
of any drug was now prohibitively 
expensive, mainly because of the 
regulations embracing such develop- 
ments. The WHO also laid down 
conditions which effectively prevented 
many pharmaceutical firms from co- 
operating in joint ventures. Participants 
at the meeting were pleased to learn 
that these conditions are to be changed. 

Another source of disquiet was the 
lack of career prospects for young 
parasitologists. Graduate unemployment 
is a world-wide problem and develop- 
ing countries naturally wish to employ 
nationals in WHO and other schemes. 
The disenchantment of young people 
who have a real interest in parasitology 
and its direct application but who find 
that they cannot work where they 
feel they are needed is real. G. S. 
Nelson (London School of Hygiene 
and Tropical Medicine) drew attention 
to the achievements of parasitologists 
in the past and the important dis- 
coveries made by Britons in this field. 
It may well be that, in the past, 
devoted parasitologists working in less 
than optimal conditions took the 
assistance of local staff for granted. 
Perhaps the great discoveries yet to 
come will be made by local para- 
sitologists and young Americans and 
Europeans will be better employed as 
their highly skilled technicians. It takes 
courage and real devotion to do the 
work and receive none of the glory, 
but the great achievements listed by 
Nelson were those of men who thought 
more about sick Africans than the 
number of papers published. Cc 


Two-photon 
ionisation 
interference effects 


from Peter Knight 


AN atom in a moderately intense laser 
field can ionise by absorbing more than 
one photon, and multiphoton ionisation 
is a very active subject at the moment. 
For example, it was hoped that the 
multiphoton ionisation of an alkali could 
provide, by courtesy of the spin-orbit 
interaction, a useful source of spin- 
polarised electrons. Preliminary experi- 
ments were performed at several laser 
wavelengths on the two-photon non- 
resonant ionisation of atomic caesium 
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Granneman (J. Phys. B8, 1617; 1975). 
Much to everyone’s surprise large dis- 
crepancies, of up to four orders of 
magnitude, were found between experi- 
ment and until then currently accepted 
theory. A predicted deep minimum of 
2.6 eV photon energy in the two-photon 
ionisation curve arising from cancellation 
of 6p and 7p intermediate state contribu- 
tions is entirely absent in the experi- 
mental data. Three years later, after much 
theoretical and experimental work, the 
problem remains, with no sign of a 
successful explanation. Similar paradox- 
ical situations exist in the multiphoton 
ionisation of other atoms. 

The experimental two-photon ionis- 
ation rates, Po, are measured away from 
intermediate atomic resonances and at 
low enough laser intensities 7 to avoid 
saturation, Then the two-photon ionis- 
ation generalised crosssection o, at laser 
frequency œ can be defined through 
P, =o, <> and oy, is described by 
the second order perturbation result 


<firin > <nl rl gop 
BF penton tad 


The atom is presumed to start in some 
initial state [g>, end up in a continum 
state f> and we need to sum all inter- 
mediate states [n> of energy ha,. Often, 
as here in Cs at 2.6 eV, there is destructive 
interference amongst the terms in the 
sum: all signs are equal except energy 
denominators and o, should exhibit a 
deep minimum sometimes called a Fano 
or Cooper minimum. Problems facing 
the theorist involve finding accurate 
(although necessarily approximate) values 
for atomic wavefunctions using quantum 
defect, model potential or other methods 
and then to perform the summations. 
The existence and properties of the 
minimum have been reinvestigated by 
Teague ef al. (Phys. Rev. Ald, 1057; 
1976) again assuming the validity of 
second order perturbation theory. They 
find the position of the minimum is 
insensitive to the choice of wavefunctions. 
There is some disagreement between 
theoretical results obtained by different 
methods, but they all differ very much 
more from experiment than from each 
other. 

The original experiments of Van der 
Wiel et al. were performed using the 
nine argon-ion laser wavelengths avail- 
able, and were calibrated by normalis- 
ation to a known one-photon cross 
section measured using frequency doubled 
laser light. The quadratic intensity de- 
pendence of P, (and therefore the absence 
of saturation) was checked using neutral 
density filters. Since it is only a two- 
photon process, photon statistics of the 
laser light are relatively unimportant 
(they gan contribute a factor of two at 
most). One problem is the contribution 
dimers make to the ion signal by pro- 
cesses such as 


Cs.+2ho--> Cs.t+e 
and i 
Cs, + 2ħw->Cst-+-Cs7 hCst+Cs+e 


Relatively few dimers can provide a larger 
count rate than the numerically superior 
free atoms because they are resonantly 
enhanced and have a large density of 
resonant states. This molecular effect 
potentially can fill in the experimental 
minimum, but Van der Wiel and col- 
leagues at FOM have studied these 
processes in detail (Granneman et al. 
J. Phys. B9, 865; 1976; Klewer ef al. 
J. Phys. B10, 2809; 1977) and believe they 
have the dimers under control and that 
the discrepancy is not due to molecular 
background. Another possibility was that 
the mimimum lies below the lowest 
energy available from an argon ion laser. 
This possibility seems now to have been 
eliminated (Klewer et al. J. Phys. B10, 
L243; 1977) by using an argon-ion 
pumped Rhodamine 6G dye laser to 
study two-photon ionisation at photon 
energies from 2.2 eV to near the two- 
photon threshold at 1.95 eV. Provided 
the temperature is raised sufficiently to 
remove dimers no detectable atomic two- 
photon ionisation remained in the wave- 
length at the (lower) intensities available 
from their dye laser. The data from all the 
wavelengths is compared with the best 
current theory in Fig. I. In the same 
paper the ratio of the ion count rates 
obtained from two-photon ionisation of 
Cs atoms using linearly and circularly 
polarised light at the nine argon-ion 
wavelengths were measured. Again there 
is disagreement with theory, with the 
experimental ratio (o,(circ)/o,(lin)) lying 
significantly below the ‘best’ values of 
Teague et al. except close to a 7P,,. 
intermediate resonance. 

So we are left with a considerable 
problem. The approximate position of 
the Cooper minimum in the two-photon 
ionisation is determined by only a few 
matrix elements corresponding to transi- 
tions to nearby levels. Other levels shift 
the minimum by only a small amount. 
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ionization probability/(photon flux)? 
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Fig. 1 Two-photon ionisation probability 
of Cs as a function of photon energy. 
I, Granneman and Van der Wiel (J. Phys, 
B8, 1617; 1975); @ Kliewer er al. (J. 
Phys. B10, L243; 1977), JT upper limit 
found in the same ref.; full curve, Teague 
etal, (Phys. Rev. A14, 1057; 1976) theory. 
(Taken from Klewer et ai.) 


It would require a change in sign of either 
the matrix elements <6piri6s? or 
<Tp|r|6s> for the deep minimum not to 
occur. Obviously more theoretical work 
on the calculation of o, is needed. Even 
the validity of second-order perturbation 
theory to describe the two-photon ionis- 
ation has been investigated, by Crance and 
Feneuille (Phys. Rev. A, in the press) who 
studied the time development of the 
pulsed photoionisation using a model 
introduced by Armstrong, Beers and 
Feneuille (Phys. Rev. A12, 1903; 1975). 
They have found some effects due to the 
finite pulse length, but their model Is a 
little idealised. More experimental work 
is needed and this is being undertaken in 
various laboratories. Looking for a 
minimum is hard when background 


molecules are only too eager to fill the 
sought-for trough and future experi- 
ments will need to pay special attention 
to this problem. Cj 








A hundred years ago 


Dr. Vout, of Cologne, has adopted 
an ingenious method of determining the 
impurities in the Rhine, which consists 
in analysing the boiler incrustations of 
the river steamers, as well as the con- 
centrated residues remaining in the 
boilers after passing over a certain 
distance. By this means he has detected 
the presence of a large amount of 
arsenious acid in the river water- 
resulting chiefly from the aniline and 
dyeing establishments—as well as other 
poisonous substances. An unusually 


high percentage of phosphoric acid 
showed that the sea was daily absorbing 
vast quantities of the most valuable 
fertilising material from the soil of 
Germany. 


ANOTHER sitting of the enlarged 
Council of the Observatory of Paris 
was held on December 9. The council- 
lors passed a resolution for an increase 
of the salary of the astronomers and 
auxiliary astronomers, the maximum 
pay of the former to be 10,000 francs 
instead of 8,000, and of the second 
7,000 instead of 6,000. They propose 
to the Government to place the 
appointment of the director of the 
establishment partly in the hands of the 
Academy of Sciences and partly in the 
hands of the Council, the Minister to 
have only the privilege to choose 
between both presentations. 

From Nature 17, 13 December, 131; 
1877. 
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THe lunar geological 


Mare Imbrium. When, in 


ture, 
The US Geological Professional 
Paper 880, US Geological Survey, 


1977 examines merely a part of the 
apposite evidence: that relating, prin- 
situ 
findings and their hand-held camera 
terrain 
characteristics and of numerous rock 
blocks feature prominently in the des- 
cription. The rock blocks range up to 
several metres in size. They are all 
breccias thought to have been pro- 
impact- 
generated fragments. The photogeo- 
logical analyses of these rocks cover 
their structures and 
descriptions of their clasts. One block 
of rock has a probable clast, 1.7 m in 
length, in which other clasts are found 
contain yet 
other probable, small clasts : this indi- 
cates successive and discrete stages in 
the evolution of this particular block. 

The photointerpretation is supple- 
mented by the astronauts’ own field 
descriptions of the samples; and the 
coloured geo- 
logical maps, charts, and panoramic 
photomosaics to assist the reader with 
the identification of a sample’s rela- 


cipally, to the astronauts’ in 


records. Accounts of the 


duced by the welding of 


discussions of 


and which themselves 


publication includes 


live position and environs. 


Good descriptions are presented of 
-an accumu- 
(see 
with a co- 


three kinds of rock fillet 
lation of fine-grained 
photo) making contact 


material 


Benioff splitting 
from Peter J. Smith 


BENIOFF zones are intimately associated 
with earthquakes, Indeed, earthquakes 
provide the best means of delineating 
such zones, indicating with startling 
clarity how moving oceanic litho- 
sphere bends downwards beneath 
appropriate continental edges and 
descends at an angle of about 45 
until it is ultimately assimilated into 
the mantle. But whereas it is customary 
to see a scattered pattern of earth- 
quakes defining the outlines of a 
descending plate, more recent observa- 
tion has indicated the presence in some 





Peter J. Smith is a Reader in the Depart- 
ment of Earth Sciences at the Open 
University. 


formations 
known collectively as the Fra Mauro 
Formation have long been thought, 
by most students of the Moon, to be 
deposits of ejecta from the basin of 
1971, 
Apollo 14 astronauts surveyed an area 
not far from the crater Fra Mauro 
itself, it was hoped that new light 
would be thrown on this old conjec- 


Surveying the Moon 


from G. Fielder 





herent block or rock—and of other 
features which point to physical pro- 
cesses on the lunar surface. Among 
these features, the lunar grid (linea- 
ment) system is put in perspective 
when the authors argue for the cor- 
relation of small-scale (centimetre to 
metre lengths) lineament trends with 
trends mapped on a large scale and 
dismiss the proposition that lighting 
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can have an all-important bearing on 
the apparent directions of most linea- 
ments. 

Although the matrix materials of 
the rocks studied in detail on this 
fine collection of photographs are fre- 
quently referred to, in the text, as of 
probable Imbrium origin, the Fra 
Mauro Formation is said (without 
qualification), in the Summary of 
Conclusions, to consist of ejecta from 
the Imbrium basin! ka 








G. Fielder is Head of the Lunar and 
Planetary 


Unit at the University of 
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One of three kinds of lunar fillet: 


depressions to produce a ‘low angle fillet.’ 


cases of a fine structure of seismicity 
which may throw light on at least one 
of the processes by which Benioff zone 
earthquakes are produced. 

A nice example is provided by 
Engdahl and Scholz (Geophys. Res. 
Lett. 4, 473: 1977), who have analysed 
the distribution of foci from all earth- 
quakes with magnitude greater than 3 
occurring from July 1974 through 
February 1977 in the Adak region of 
the central Aleutians. The resulting 
plot shows that most of the shallow 
Seismicity in the area occurs within the 
depth range 15-27 km and has a lateral 
spread of about 50 km in the direction 
of the horizontal component of plate 
motion (that is, viewed in side projec- 
tion, looking end-on at the arc). 
Immediately below, the zone of seis- 
micity then contracts to a lateral width 
of no more than 10-15 km. At a depth 


lunar regolith fines have been scattered 
on to this gently sloping, structured rock face and have settled in shallow 


(NASA photo AS-14-68-9450) 


of about 100km, however, the seis- 
micity splits into two distinct zones 
each of which has a lateral dimension 
of 10-15 km and is separated from the 
other by a practically earthquake-free 
region about 25 km wide. At a depth 
of about 175 km the two arms then 
come together again, forming a single 
zone of seismicity down to the deepest 
earthquakes at about 270 km. 

This is not the first known example 
of Benioff splitting. Sykes (J. geophys. 
Res. 71, 2981; 1966) observed a separa- 
tion of about 30km irn the pattern of 
intermediate earthquakes beneath the 
Kurile arc more than a decade ago; 
and more recently Veith (thesis. 
Southern Methodist University, Texas, 
1974) and Stauder and Mualchin (J. 
geophys. Res. 8&1, 297: 1976)° have 
investigated the Kurile case in greater 
detail. Umino and Hasegawa (Zisin 28, 
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125; 1975) have also demonstrated the 
existence of splitting beneath Japan. 
In each case the earthquakes in the 
upper arm of the split indicate down- 
dip compression whereas those in the 
lower arm show down-dip tension. 

But is such splitting typical or 
atypical of Benioff zones? And either 
way, what causes splitting and the 
associated difference in focal mech- 
anism? The answer to the second 
question may well suggest an answer 
to the first. One possible explanation 
is that the two arms of seismicity 
represent two closely associated, but 
distinct, descending slabs. But although 
this possibility is not inconsistent with 
the Adak splitting, it cannot, according 
to Engdahl and Scholz, account for the 
Japanese and Kurile examples; nor can 
it explain the difference in focal mech- 
anisms in any of the three cases. Then 
it is possible, as suggested by Veith, 
that splitting is related to the olivine- 
spinel phase transition, although 
Engdahl and Scholz make no comment 
at all on that. 

What they do, however, is to pro- 
pose, following Isacks and Barazangi 
(in Island Ares, Deep Sea Trenches, 
and Back-Arc Basins, edit. by Talwani 
M. & Pitman W. C., American Geo- 
physical Union, 1977), that splitting is 
due to deformation of the lithosphere 
during subduction, and to follow up 
the proposal by constructing a model 
which seems to account for the 
observation. The basis of the model is 
the fact that subducting lithosphere 
bends at shallow depths but straightens 
out again as it moves at an angle 
towards the mantle. Whatever the 
cause of these changes, the ‘unbending’ 
must produce stresses in the descending 
slab; and Engdahl and Scholz are able 
to show with little difficulty that, at the 
observed depths of splitting, an 80-km 
thick lithosphere has a 22km thick 
elastic core with down-dip compres- 
sion on its upper surface and down-dip 
tension on its lower surface. 

Thus the double zone of seismicity 
can be explained simply as the result 
of the release of unbending stresses 
above and below an elastic core within 
the lithospheric plate. Moreover, as the 
plate descends into hotter and hotter 
regions the elastic core will get thinner 
and ultimately disappear altogether, 
which explains why splitting occurs 
only over a limited depth range below 
the initial bending of the lithosphere 
and does not’ persist to all depths. 
Since unbending must occur in most. 
if not all, descending plates, it follows 
that splitting must be typical of Benioff 
zones. Failure to observe it in any 
Biven case presumably therefore 
reflects only insufficiently detailed 
observation and analysis of earthquake 
foci. Cc 
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Jeffreys Lecturer links Sun and weather 


from John Gribbin 


In this year’s Harold Jeffreys Lecture 
of the Royal Astronomical Society, 
presented on November 11, J. W. King 
of the Appleton Laboratory reported 
the latest work of his team on ‘The 
Influence of Solar Phenomena on 
Weather and Climate.’ Over the past 
few years, King and his colleagues have 
received a rough ride from some 
quarters for their failure to explain the 
physical basis of the links they have 
found between Sun and weather; com- 
menting here that the situation is no 
different from that in climatology, 
where we know the Earth’s climate 
does change without being able to say 
exactly why it changes, King went on 
to present convincing evidence of the 
reality of the link on timescales down 
to days, and threw out the challenge 
to both solar physicists and meteor- 
ologists to join the Appleton team in 
investigating these phenomena further. 

To most of the audience, and most 
readers of Nature, the debate about 
solar influences on weather over the 
sunspot cycle and longer periods must 
already be familiar. But the new work 
from the Appleton Laboratory con- 
centrates instead on much shorter termi 
influences, associated with the roughly 
27.5d rotation period of the Sun. The 
‘signature’ of this rotation shows up 
clearly in such meteorological para- 
meters as the height of the 500 mbar 
pressure level in the atmosphere, as 
well as influencing ionospheric pro- 
perties. In some danger of numbing 
his audience with overkill at times, 
King hammered home the reality of 
these links with a wealth of data, the 
most intriguing of which showed clear 
geographical variations of the mag- 
nitude and even sign of the atmos- 
pheric changes produced by the Sun. 
Small wonder, then, that global aver- 
ages over long periods show much less 
indication of any solar influence on 
weather! 

The solar influences are particularly 
strong in a region above the Atlantic 
just west of the British Isles, which 
makes this link between Sun and 
weather especially important for resi- 
dents of those islands. And if these 
small variations over the solar rotation 
cycle can affect weather parameters, 
then it comes as no surprise to find 
specific larger events on the Sun—flares 
and so on-—producing specific larger 
disturbances of the Earth’s atmospheric 
systems. 

Such a link has, in fact, been known 
for some 30 years, since the pioneering 
work of Duell and Duell (Smithsonian 
Misc. Coll. 110, 8; 1948) but has only 
relatively recently become firmly 


established (see, for example, Olson 
Nature 257, 113; 1975). The Appleton 
team have now found that not only 
does a solar flare produce a disturbance 
of the atmosphere, commencing some 
four days after the flare, as shown by 
the work of Olson and others, but that 
the atmospheric disturbance is repeated 
at 32 and 60 days as well, one and two 
solar rotations later. In at least one 
case, an effect on the atmosphere is 
also found at —24 d, that is one solar 
rotation before the flare became ap- 
parent. So a specific region of the Sun 
which is involved in some disturbance 
can affect specific regions of the 
Earth’s atmosphere over a period of 
2-3 months—and, equally, the effects 
of solar activity which are disturbing 
the atmosphere today must be the in- 
tegrated effects of several such past 
disturbances, which suggests that we 
should not find any simple relation be- 
tween what the Sun is doing today and 
what the atmosphere does tomorrow. 

King also described investigations of 
the longer run of data, going back for 
100 years, available from UK Met. 
Office statistics, and these show a clear 
influence of the solar activity on occur- 
rence of westerly weather patterns over 
the UK, that is, the weather coming 
from the region of the Atlantic where 
the solar influence is strong, and mov- 
ing towards the British Isles. But this 
evidence was merely the icing on the 
cake of his presentation. 

The challenge to meteorologists is 
clear, since these effects are certainly 
large enough that by ignoring them 
all the present general circulation com- 
puter models (GCMs) must be in error. 
Could this be why such models are 
notoriously unreliable if run for more 
than a few days ahead? And equally 
the challenge is there for the solar 
physicists to explain what is going on— 
with the incentive that the work be- 
comes of direct importance and value 
now that the link with the weather is 
emerging. 

So King closed by saying that the 
pathfinding stage of this Appleton 
Laboratory work is now at an end, 
with the establishment of the reality of 
the Sun—weather links. In this essenti- 
ally interdisciplinary study, the time 
has come for collaboration between the 
Appleton group at the centre and the 
meteorologists and solar physicists on 
either side; ‘I hope,’ he said, ‘that this 
lecture will mark a starting point in 
progress towards achieving practical 
benefits.’ | 


John Gribbin works at the Science Policy 
Research Unit at the University of Sussex. 
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HAPPY solitary child, after 
A his mother died so self contained 
and yet attached by magnet 
chain to Margaret the country girl 
who mothered him at Vicarage; 
his father never understood 
or tried to peel, excise 
the layers of his mind, beneath 
the courtesy, the grave concern 
so strange in one so young, one sensed 
always a sunlit glow, a pool 
of quiet stillness that no naval mine, 
no six-inch shell could shatter, 


He passed, as far as clerical 


My Uncle Eustace— Maker of Rings (1885-1916) 





His tutor was non-plussed because 

over the wide field of chemistry, he barely 
could pass muster, might just expect 

to scrape a Third and yet in one small 
unexploited corner of the craft he delved 
and bored and quarried ceaselessly; 

the hetero-cyclic, alicyclic rings, 


those compounds linked from carbon, nitrogen, 


oxygen, phosphorus and halides, elements 
rare, of dubious and unestablished 
property and mass and controversial valency 


and metals of odd groups, forced them to bind, 


adhere in hoops and circles, cubes 
and boats and knotted cord-like 
thongs; these problems he devoured, 
consumed with every meal, by them 


he was possessed, their literature he absorbed 

in tiniest detail, their personalities, 

their history; as then there was no other specialist 
at hand, this bred a bright hot fury of debate 
whether he merited a First, a Third, a Pass. 
Faith won the day, though outwardly indifferent, 
or so he claimed, so long as he could scoop 

a bursary to study for two years at Heidelberg, 
the fountainhead and spring of all clear waters 


finances would permit, to prep., then 
boarding school, no niche 

seemed ready carved, a solitary boy 
puzzling to House and Form 

master and sixth form prefects, yet 
always just scraping through 

two from the bottom everywhere, 

cold shouldered, taunted, ragged 

he would endure quite unconcernedly, until 


one famous bully, older by two years 

provoked him ceaselessly and on one afternoon 
when batting on the Common, suddenly 

young Eustace threw down his bat and strolled 
slowly down pitch and felled 

braggart to turf with one fierce swing. 

Always, when this deed had sunk 

swiftly to groundswell, not merely left 

in peace but elevated to that slot reserved 

for the eccentric, rare, unique, original. 


One confidant he found, old Bony Head 

the science master who could sense 

a mind attuned intuitively to select, 

assess causal relationships, communicating flows 
built up from pulsing waves in orbit, 


sure, symmetrical, cast in one mould, one unitary mass. 


Astounded and affronted was his family, 
that hierarchy of patrons, chiefs, 

that network with edges pinned in Burma, 
Delhi, London when he gained 

a science scholarship to Trinity, 

a field, a slippery slope fit 

for no gentleman to tread and yet, 

with mother’s tiny nest egg to augment, 
how could he be gainsayed? 


Sheep-like he merged within the Cambridge 
landscape: who knew or cared 

exactly where his lodgings lay 

or whether he built up 


here in this smooth fluency in which 

his flimsy ship was launched, must sail 
and pitch and toss on ocean till it sank 
shipwrecked on rocks, or ran relentlessly 
to calm deep water harbour. 


But Eustace never felt at home with Germans, 
yet from them learnt all that he could, 

kept secret much, ploughed dawn to dusk 
and thirty days a month, except 

for Sundays when he’d read and walk 

to early service in the English church; 

how, in those days, these days, those ever 
other days can one combine science 

with Christ? Well, Eustace tried and yet 
he’d never talk, explain, attempt to justify, 
but said ‘it’s part of me and always will be, 
so please don’t push me further’. How much 
privat-dozents, professors knew 

or cared or understood about his bench-work 
problematical. Much that he wrestled with 
he never spoke about, he sealed his notes 
tight locked within a safe. After two years 
his thesis was submitted, was so unique, 
outside all normal channels, unbelievable 


until one sub-professor delegated for two months 


repeated parts in the minutest detail 

and found each component and experiment 
immaculate, repeatable with all analyses 
confirmed in unimpeachable statistical 
integrity; in essence so non-plussed : 


the academical establishment, so much at doubt, 


so acrimonious the conflict that at last 
his D.Phil. was awarded and they asked 


that he submit his name for hierarchical preferment. 
Eustace said ‘NO’ and coming home in nineteen ° 
ten found no response from British s 
chemical grandees in any university. 

Instead, sensing in bone that school 


stable relationships? He never said 

how marvellous those days, how glorious the golden youths 
with whom he melted smoothly down in Hall 

or rowed in college eight. 

Always and only shone an inner light. 
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or industry demanded volumes of life-blood 

he dared not lose and live, would dislocate 

all plans for studies targetted, 

he ferreted instead a newly mortared niche 

in red brick college of technology 

in Yorkshire. Here, simply was demanded 

three lectures weekly and all the space 

of evenings, week-ends and Long Vacations free 

to theorise, experiment and scribble round the clock. 


All work, you say, no private life and so 

it might have been had he been able to forget 
those German years; within his blood-stream 
multiplied the germs of fear, of certairtty 

of wars to come. Exactly numbered 

days and calibrated therms of energy 

he gave to Territorial Brigade of Heavy 
Artillery, became an adept at range- 

finding, the most professional of officers 

from whom Colonels of regulars bent down 

to claim advice. Upon parade he stood 

one rank beneath my father, who, since a boy- 
hood thirled to the Lovat Scouts was always 
army mad. I never knew another so assiduous 
at work, at drill. He breathed in Elgin 

ice clear air where grandfather was bank 
cashier but dad determined from the very day 
he learnt to read to mount two ladder rungs 
beyond his family, became Chartered 
Accountant, then set up in solitary 

practice here in Yorkshire, where his twin Fiona 
kept house for him and taught 

German and English in Ladies’ Private School. 


Enmeshed by such a pair, how could 

poor Eustace disentangle from the cords 

of fishing net? My Aunt Fiona was 

not outwardly clever at all, a quiet 

fair haired filly, she seldom spoke so that the Head 
judged her to be submissive, compliant and then 
finances being strained, conveniently forgot 

Fiona’s name on the Promotion List and when 
her resignation came by the first post next morning, 
a Parents’ Protest Committee quickly crystallised 
and threatened to remove their girls 

to local Grammar. So, my uncle 

equally became submissive, really 

in fact enjoyed his thralldom, as she controlled 
all family affairs and left his week-ends free 

for pure research and gunnery. 


A scientist is judged by all 

he publishes, the volume and the quality, 

the range of the discoveries and theories that appear 
in journals of accredited repute, the 

details of the fields that he has ploughed, 

the implements and measures at the base 

of tower and palace and with what ease 

his syntheses were found repeatable and could 
be used &s spring board for fresh thinking. As 
my uficle Eustace published nothing, 

his reputation faded by neglect and he was soon 
forgotten by the élite of academic chemistry. 
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One Sunday, after tea, both families 

still sitting round the cloth, we children, 

cousins, were dismissed to garden. Rain, 

lightning shattered down and we returned 

to the worse thunder of a family 

dispute. ‘To Hell’, my father shouted, ‘with academic 
honour. “May science never be any damn 

use to anyone” is fine for younger 

sons of viscounts but not for you, young Eustace, 
you don’t possess a bean and when war 

comes, what will you leave your wife 

and kids to live on, if we’re killed, as very well 

we may be; why should they starve because 

you are too proud to patent, publish your 

really rare discoveries? Now, fetch them out this minute, 
there’s a good lad and we’ll discuss 

their possibilities.” Fiona sided, not with my father 
but with her husband, swore she’d work 

and could support them all. But Uncle 

Eustace, in sudden silence, strode to his study 
and thence bore back a pile of manuscripts. 
While we all watched, in silent awe, 

the two men there and then selected 

ten of his theses which my father slipped 

away, for processing by patent agent friend. 


When nineteen fourteen broke, the Battery 

with other amateurs was very soon 

immersed in battle. For two whole years 

my uncle strove with howitzers and mortars. 
His easy skill soon earned promotion 

and he found himself a temporary 

major at Army Corps Headquarters but, 

odd man out as usual, this election 

served only to convey boredom, so he transferred 
to Flying Corps and brought to bear 

his ingenuity in coaxing speed, manoeuvreability, 
quick reflex action from his Sopwith Scouts, high 
above battlefields in dog fight and reconnaissance. 


Your past will find you out, advance 

upon you and on one August afternoon, 
recalled to C.O.’s hut he was commanded 

to collect all gear as he was ordered back 

to Ministry in Whitehall where the back- 
room boys had delved among his patents 

and discovered there the basis for a new, 
intensely powerful explosive which might win 
the very war. My uncle, angry, 

overruled, strolled slowly across airfield 

to his plane, to bid good-bye, as to 

a favourite terrier dog and at that hour 

the German fliers dived from cloud 

to rake the ’drome with fierce machine gun fire. 
Thus, Uncle Eustace died. 


A posthumous hero, a genius accorded 
after a death so quizzical, so individual, 
yet so much of the pattern he had set 
himself to follow: my thoughts, my words 
still after thirty years confused, ceaseless 
in motion change from day to day and still 
Į cannot say why this should be 

or if a vet more glorious world might shine 
had Uncle Eustace lived, lined up 

with others of his tribe, with Moseley 

and Wilfrid Owen, Rupert Brooke, the roll 
is endless, 
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I can record twenty-five monographs 

in Transactions of Academies world-wide, 

his name on plaques, on chapel walls, 

columns and references in text books, scores 

of new compounds indexed, in this 

his family name. Even the Fifth Form schoolboy fails 
if he forgets what Eustace stands for, 

and, as for his patents, Dad was very soon 
besieged by major companies in Widnes, 
Delaware, Paris, Turin and Hamburg outbidding 
all to purchase royalties for synthesis 

of basic chemicals for fertilisers, textiles, 
dyestuffs, drugs. So Father waxed, became 
commander on a field he was well qualified 

to master, transferred his offices to London, 

was made director of ten companies, Lord Mayor 
and baronet. 
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Succeeding him, I feel 

a conflict of emotions; undeserving, why 

Should I and all my family be circled round 

with so much satiety, delight, so many friends 

and joys of love and freedom, beauty, esteem and honour 
and all because of one young uncle who 

pursued his goals with such humility 

and silence and a quiet smile? And yet 

I never can forget that glow, that steady 
luminescence in his eye which I, as child 

divined and marvelled at, sitting without movement 
beside him on the window seat, those birds, 

those flowers, as are the stars unquenchable, 
eternal, so can I never understand 

how light of such a clarity can fade, 

what medium that I can comprehend 

could generate the power 

to drown and snuff it out? 


Deric Bolton* 


Deric Bolton was, until 1971, a chemist with Macfarian Smith Lid, Edinburgh. His four published collections of poetry include 
The Wild Uncharted Country (1973), a narrative sequence on life in the chemical industry. 


*17, Wester Coates Avenue, Edinburgh 12, UK. 








Three centuries of alcohol in the British diet 


Josephine A. Spring & David H. Buss 


Nutrition Section, Ministry of Agriculture, Fisheries and Food, London, UK 





Alcoholic drinks were consumed in larger quantities in the 
eighteenth and nineteenth centuries than in the twentieth 
century, although there has been a recent increase from the 
historical low of 1930-60. Beer, spirits and wines once 
provided at least 2 MJ (nearly 500 kcal) per person per day 
compared with 0.67 MJ (160 kcal) in 1975, towards an 
average energy requirement of the total population little 
different from that needed now. Beer has always contributed 
most to the alcohol, energy and nutrient content of the diet, 
although its importance relative to spirits and wine has 
declined. | 
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THERE is much concern about the amounts of alcohol drunk in 
the United Kingdom!*. It is believed that men and more 
particularly women and children are drinking more, resulting 
in increased prevalance of drunkenness’, driving under the 
influence of alcohol}, alcoholism‘, liver cirrhosis’, and 
absence from work owing to excessive intake of alcohol. It iS, 
however, very difficult to obtain accurate information from 
individuals. Most, when asked, are likely to underestimate their 
consumption, while some, wishing to impress the interviewer, 
exaggerate their capacities. l 

A more objective assessment of overall trends can be obtained 
from HM Customs and Excise Department, which records, for 
tax purposes, the total amounts of beer, spirits and wines 
retained for consumption within the United Kingdom (except 
for the small amounts of beer and wine made in the home), 
Since 1955 the Ministry of Agriculture, Fisheries and Food has 
assessed the energy content of these drinks and compared them 
with the energy content of the national food supply*®. The 
results are summarised in Table 1. 

We wished to place these figures into historical perspective, 
for this rise in the consumption of alcoholic beverages started 


from an historical low point. Customs and Excise records, with 
brief exceptions, have been collected since 1684 and are sum- 
marised in Fig. 1. Note that this figure is an average for the 
total population of the country, including young children who 
nowadays consume little or no alcohol. A discussion of separate 
trends for each beverage will be followed by a general discussion 
of the major factors which can affect consumption. Tables 2 and 
3 list some of these. 


Beer 


Ale has been drunk in England since Celtic times’ and hopped 
beer since the fifteenth century, but it was not until 1643 that a 
beer duty was imposed to raise money for the Civil War. The 
earliest national records of consumption date from 1684, when 
the beerhouse was the centre of the working man’s life. Many 
workers were paid at public houses, which also served as labour 
exchanges; if a man was unemployed he could receive credit if 
he was a regular customer”. Inns also served as centres of 
transport, courts and even small prisons, such as the White 
Lyon at Southwark’. Entertainments such as cock fighting, bear 
baiting and prize fighting also took place in them. In the late 
seventeenth and early eighteenth centuries it'was wiser to drink 
beer than the usually polluted drinking water. For example, 
Nottingham’s water supply was drawn from the River Leen 
which also served as the main sewer of the town; fortunately 
Nottingham had one alehouse for every 80 inhabitants’. 

Beer consumption reached a maximum of 832 pints per person 
per yr (or 2.3 pints per person per d) in 1689. Consumption 
dropped sharply when the duty was tripled (see Table 2) with 
partial recoveries after 1700 and 1712 when part of the tax was 
transferred to the constituent malt. Consumption then declined 
steadily until 1790 while the duty remained relatively static (as 
did the price: in London porter remained at 3 pence per quart 
until 1761 and 34 pence until 1799 when it was increased to 
4 pence’). There are no obvious reasons why consumption 


| ae 
= | a Beer | 
ii - 
ha ji \ 
mn i 
> 6004 1h ^ as brewed 350 | 
S A 
2 | im -250 § 
i 400 \ in 
on | N a 
E | na as brewed 150 
a: at O.G. 1055- 
+50 
l at O.G. 1055° | 
E EE TET B pae 
a 5 
g 10 b Spirits a 
= 1 A a 
ae z 
a 4 all Ni a 
wn | | R. 
E 4 i j\ ? 
[e 4 A \ nf © 
i w . t 6B 
Bi OO 
F H ig we Sage z cameras 6 x 
7 10; c Wines | a 
= 5) 2 
Ë. i 4 S 
3 oe | ; 
2 6 | 
eal W ; 
5 4 W iT faan 2S 
22 
j _ eee a Sane eae ama Re, SO: 
1700 1750 1800 1850 1900 1950 1975 


Fig. 1 Beer, spirits and wine available per person in the United 
Kingdom. a, Production figures for beer represent barrelage 
brewed by common brewers and brewing victuallers, corrected 
until 1830 to include private brewing. From 1684 to 1830 they are 
taken from Monckton®*, from 1831 to 1936 from Wilson" 
(appendix F) and from 1937 to 1975 from the Annual Reports of 
HM Customs and Excise Department”. Volumes and popula- 
tions refer to England, Scotland, Wales and Ireland up to 1922; 
afterwards Eire has been excluded. 6, Values for spirits from 1684 
to 1799 are from the Department of Inland Revenue™, from 
1800 to 1935 from Wilson! and from 1936 to 1975 from the 
Brewers Statistical Handbook?. Volumes and populations refer 
to England only until 1713, and between 1718 and 1724 to 
England and Ireland. Thereafter they are for the United 
Kingdom. c, Values for wines from 1697 to 1900 are taken from 
Wilson" and from 1901 to 1975 from HM Customs and Excise”*. 
Until 1787 they refer to wines imported into England, but 
subsequently are the amounts retained for Rome consumption in 
the whole United Kingdom (including Eire until 1922). The 
populations of the appropriate regions of the United Kingdom 
for decennial periods from 1684 to 1831 are from the Department 
of Inland Revenue” and thereafter from the Registrars General’. 


decreased during this period, although from 1750 the enclosure 
of agricultural land and the initiation of the industrial revolution 
(which shifted population to the manufacturing towns) must 
have reduced home brewing?’ particularly in the North and 
Midlands. In the South shortages of fuel had a similar effect’. 
In 1791 a tripling of the malt duty resulted in another sharp fall 
in consumption. Records from here until 1880 are incomplete, 
for almost all those provided by the Brewing Victuallers’ 
Association between 1791 and 1818 are lost and those between 
1831 and 1880 have been derived from a mathematical con- 
version of malt to beer™, because beer itself was not taxed during 
this period, only malt and hops, and, from 1847, sugar. Con- 
sumption apparently increased as a result of the Beer House Act 
1830 Which allowed anyone who bought a 2-guinea licence to 
sell beer; 40,000 new public houses were opened within 5 yr 
(ref. 11). 
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In 1880 Gladstone introduced his free mash tun system 
allowing brewers to use carbohydrate sources other than malt, 
the duty being charged on the original gravity of the beer. This 
led to a decrease in price which, coupled with the nation’s 
prosperity, caused consumption to rise to nearly | pint per person 
per d in the latter part of the nineteenth century. Thereafter 
consumption fell again, accelerated by an increase in duty in 
1900, and reached its lowest recorded level in 1918. During 
World War I opening hours were restricted (see Table 3), and in 
1917 production was reduced from 26 million to 10 million 
standard barrels and the gravity of the beer greatly reduced. 
The weakness and expense (after several increases in duty) 
resulted in a boycott of beer in many places. After the war con- 
sumption recovered, but then fell with the economic depression 
of the 1930s. World War IL prompted a substantial increase in 
consumption, mainly because of the unavailability of spirits and 
wines, but demand was met by a reduction in gravity. Despite 
increases in duty, consumption remained stable after the war 
and rose from the late 1950s. Nevertheless the amount of beer 
available in the 1970s is considerably lower than it was 100 
years ago. 

A recent estimate put the amount of home-brewed beer 
produced from kits at 1.75 pints per person per yr. 

Tax has been levied on cider for a few short periods only, and 
consumption is thus known for relatively few years. From 1756 
to 1765 it ranged between 2.5 and 5 pints per person per yr; in 
1820 and 1830 it was 2 pints but declined to little over 0.5 pints 
in some of the intervening years; and it enjoyed a brief increase 
to 4 pints at the end of World War I. The Cider Manufacturers 
Association have calculated cider consumption since 1946 as 
about 3 pints per person per yr until 1965, after which it rose 
rapidly to 5.8 pints in 1975%. Cider has been taxed since that 
year. 


Spirits 


Before the Restoration the consumption of spirits was small, 
but after 1660 consumption, mainly of brandy, increased’. In 
1688 William of Orange became king and encouraged the pro- 
duction of gin by issuing charters to divert the surplus English 
grain for its production; in 1690 imports of foreign spirits were 
prohibited. In Queen Anne’s reign the monopoly privileges of 
the Worshipful Company of Distillers were cancelled; this led 
to the unlimited production of gin, much of poor quality, which 
was sold in the streets and hawked from door to door at 1 penny 
per pint. The steady increase in consumption was checked in 
1729 by the introduction of retailer’s licences costing £20 per yr 
and the prohibition of street hawking. Distillers retaliated with 
a flavourless, low quality spirit, not classed as gin (known as 
Parliamentary brandy). In 1733 the Act was repealed, and 
another introduced which limited the sale of spirits outside 
dwelling houses. This led to the development of the ‘gin shops’ 
typified in Hogarth’s engraving ‘Gin Lane’. Thus gin and 
other crude spirits were both cheap and readily available at a 
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Table 1 Increasing contribution of alcoholic drinks to the diet 





Energy from Spirits Energy from 
food Beer (proof Wine alcoholic drinks 
Year MJ (kcal) (pints) pints) (pints) (% of food energy) 
1955 13.3 (3,170) 140.2 1.8 2.1 3.0 
1958  13.3(3,180) 138.2 2.0 3.2 3.0 
1961 13.2(3,150) 155.8 2.4 4.3 3.5 
1964 13.2(3,160) 160.3 Za 5:5 3.7 
1967 12.9(3,080) 165.6 2.6 6.1 3.9 
1970 =: 113.0 (3,110) 178.6 2.8 6.6 4.1 
1973 12.2(3,040) 196.9 4.3 11.2 5.0 
1976 12.3 (2,930) 209.0 5.1 12.0 5.7 
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The energy content of the food supplies relates to the total quanti- 
ties available in the UK from agriculture and imports, less exports 
and non-food uses, and is expressed per person per d. The quantities 
of each alcoholic drink (per person per yr) are derived from Customs 
and Excise records, and their energy content includes any carbo- 
hydrate as well as the alcohol present. 1 litre = 1.76 pints. 
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Table 2 Major changes in duties charged on alcoholic drinks 


Beer and constituents Spirits 
1643 Small beer 6d; strong beer 2/- 1684 2d—4d 
1690 Small beer 1/6d: strong beer 6/6d 1751 1/- - 1/3d 
1710 Small beer 1/4d; strong beer 5/-; 1783 5/103d 

malt 64d 1785 | 2/74d 

1791 Malt 1/74d 1795 4/44d 
1831 Beer duty repealed 1825 7/- 

malt 2/7d; hops 2d 1860 10/- 
1850 Sugar 1/4d 1890 10/6d 
1880 Beer duty reimposed 6/3d 1909 14/6d 
1900 Beer 7/9d 1918 30/- 
1916 Beer 25/- 1919 50/- 
1918 Beer 50/-- 1920 72/6d 
1920 Beer 100/- 1943 154/- 
1931 Beer 134/~ 1948 210/- 
1948 Beer 178/- 1964 236/- 
1959 Beer 110/- 1968 376/- 
1966 Beer 188/— 1973 308/- 
1973 Beer 138/- 1974 340/- 
1974 Beer 186/- 1976 492/- 
1975 Beer 273/- 
1976 Beer 317/~ 


Index of wholesale 


rices*4 ~ 3? 

Imported wines (1860 = 100) 

1787 French 2/3d~3/id 1680 55 
Rhenish 3/id 1700 80 
Spanish 2/-- 1750 70 
Portuguese 1/6d 1800 125 
Hungarian 3/6d 1830 95 
French 7/24d 1850 85 

1825 Rhenish ‘| 1880 180 
Spanish 4/93d 1900 135 
Portuguese 1910 160 
Cape 2/5d 1920 315 

1849 Colonial 2/9d 1930 220 

1860 Foreign 3/- 1940 265 

1861 All light 1/9d; heavy 2/5d 1950 475 

1920 Light 2/6d; heavy 6/— 1960 645 

1927 Colonial light 2/~; heavy 4/- 1970 820 
Foreign light 3/-; heavy 8/- 

1948 All light 25/-; heavy 50/- 

1958 Light 13/-; heavy 38/- 

1969 Light 32/2d; heavy 54/2d 

1973 Light 17/7d; heavy 39/6d 

1975 Light 53/6d; heavy 70/- 


12d (pence) = 1/- (shilling) = Sp (new pence). Beer duty is per barrel (163.61), malt and hops per bushel (36.4 1) and sugar per hundred- 
weight (50.8 kg). Spirits duty is per proof gallon, that is per gallon (4.5 1) with strength corrected to 100° proof or 49.276% alcohol by weight. 


Wine duty is per gallon. 


time when the social conditions of the urban poor were extremely 
bad with little hope of escape other than intoxication’. 

The Acts of 1751 and 1752 (Table 3) resulted in a dramatic 
decline in consumption and for the rest of the century con- 
sumption largely reflected impositions of duty. 

The wild fluctuations of the next 20 yr may be partly due to a 
breakdown in the system by which spirits were taxed. Indeed it 
was not until 1824 that the figures of the Excise Department 
approximate to the real production’, and all estimates of 
production before this date must be regarded as conservative 
because of the amount of illicit distilling which was practised, 
particularly in Ireland and Scotland. Thereafter consumption 
was again influenced by duty and legislation, and religious 
opinion had further effects: for example Father Matthew’s 
temperance mission in Ireland caused consumption there to drop 
by 23%% between 1839 and 1845"). By the early 1870s, however, 
the equivalent of 4 ounces of proof spirit was consumed per 
week for every man, woman and child in the country; this was a 
time of great prosperity in the United Kingdom. Thereafter 
duty increases and trade depressions led to a steady decline. 

In World War I, opening hours were curtailed, and the 
manufacture of spirits was then reduced on the orders of the 
food controller in 1917 to half that produced in 1916%. In 1918 
consumption rose dramatically with the post-war celebrations 
in spite of increased duties, but then declined right through the 
economic depression and on into World War H when available 
grain was used for food rather than distillation. Consumption 
recovered after World War L despite increases in duty in 1947, 
until in 1964 a substantial increase in duty led to a stable 
consumption rate. In 1973 the duty was decreased and the 
increase in consumption has now continued in spite of several 
more tax increases. 


Wines 
In the Middle Ages wine drinking was common in Britain and 
consumption was relatively high. The dissolution of the mon- 
asteries led to the disappearance of the British vineyards’. As a 
result, the pattern of consumption has since been largely 
determined by treaties, wars and tariff levels. 

In 1703 the Methuen Treaty between England and Portugal 
allowed the import of Portuguese wine at a fixed and relatively 


low duty, in return for concessions on the exports of woollen 
cloth to Portugal’. This treaty remained in force until 1831 and 


was the principal reason why the British drank port during the 
eighteenth century rather than claret as before. Between 1704 
and 1785 the proportions of wine, by country of origin, which 
were consumed in Britain were Portuguese 65.4%, Spanish 
29.3%% and French 3.6%“. Consumption of port and other 
fortified wines was largely confined to the richer members of the 
community: for example one Dr John Campbell drank 13 
bottles at one sitting and many men habitually drank 4 bottles 
of port a day’. 

In 1783 a new treaty with France lowered the duties on French 
wine. This was partly designed to combat the smuggling of 
French wines, which was rife, and it led to an increase in con- 
sumption in the 1780s. This continued into the next century 
despite the Napoleonic wars and was followed by a decline in 
consumption in the post-war depression until 1825 when the 
wine duties were altered!!. Consumption remained steady until 
1860 when the Cobden Treaty was signed with France, and the 
wine duty was reduced. This was followed in 1861 by the duties 
charged being based on the alcoholic strength of the wine; a 
lower rate was levied on ‘light’ wines not exceeding 20° proof 
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Table 3 Major statutes affecting consumption 





Date Statute Effect 

1751 An Act... for more Greatly increased duty on spirits 
effectually restraining the 
retailing of distilled 
spirituous liquors 

1752 The Disorderly Houses Act Controlled excessive numbers of 

public houses 
1828 The Alehouses Act Restricted opening hours 
1830 The Beerhouse Act Allowed beer sales on licensed 


The Alehouses and Beer- 
houses Act 
The Sunday Beer Act 


The Licensing Act 
Children’s Act 


The Defence of the Realm 
Act 

An Act (on) the sale of in- 
toxicating liquor to per- 
sons between 14 and 18 
years of age 

The Licensing Planning Act 


premises only 
Restricted opening hours 


Reduced opening hours on 
Sundays 

Restricted numbers of licences 

Children under 14 not allowed 
to enter bars 

Public houses closed at 11 p.m. 
weekdays, 10.30 p.m. Sundays 

Illegal to sell intoxicating liquor 
to anyone under 18 


+ 
Controlled redevelopment of 
public houses in bombed areas 
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spirit. Consumption increased during the mid-Victorian period 
of prosperity, but declined after 1875 because of an economic 
depression. Consumption of port increased despite the higher 
rates of duty on fortified wines, but later declined perhaps 
because after-dinner smoking became fashionable instead. 
Sherry consumption increased until 1873, when the demand was 
so great that poor quality wine was sold to meet this demand and 
led to consumer resistance!!. 

Apart from a small peak at 1900, consumption continued to 
decline up to and during World War I. During the war years 
wine consumption was not affected as much as beer or spirits: 
although imports of wine were checked and formal entertaining 
was curtailed, consumption was stimulated by the low-gravity 
beer and shortage of spirits". Post-war celebrations doubled the 
consumption in 1919, but this was reversed by an increase in 
duty in 1920. Consumption recovered a little in the 1930s but 
almost no wine was available during World ‘War II because of 
the shipping blockade and the fact that many of the wine- 
producing countries were controlled by Axis powers. 

Consumption rapidly recovered after the War, encouraged by 
a variety of stimuli. A reduction of duty in 1973 caused a 
further steep increase in consumption; the increases in duty in 
1976 and 1977 seem to have checked this. 


British wines and mead 


Little is known about consumption of British wines hefore 1927 
because this wine was taxed only for a few short periods. 
Consumption rose from 0.5 pints in 1930 to nearly 1.2 pints per 
person per yr in 1939, only to fall to 0.5 pints again during 
World War II. Only in 1960 were pre-war levels reached again. 
This upward trend has continued and reached 2 pints in 1975. 
A recent estimate shows that home wine making from kits 
provides 0.33 extra pints per person per yr. 


Factors affecting consumption 


The consumption of alcohol depends on four factors: price, 
availability, current social pressures, and educational or moral 
campaigns". Economic factors seem to be of paramount 
importance, as the fluctuations in the consumption of alcohol 
closely follow the rise and fall in the general trade of the country. 
Years of prosperity such as 1875 and 1899 were years of much 
drunkenness", and this is illustrated by Booth’s evidence from 
a London policeman during the 1880’s: “a great amount of 
drunkenness is still a sure sign of work being plentiful. It is then 
that the police are busiest”!®, Equally the economic depressions 
of 1855-60, 1875-80, 1894, 1904, 1909 and 1928-35 were years of 
modest consumption. Furthermore, as we have seen, consump- 
tion is sensitive to purchase price. The prices of beer, spirits and 
wines relative to each other, and relative to other beverages and 
to food and other goods in general, also affect consumption. 
Coffee was introduced to England in 1637 and tea and cocoa 
followed around 1650’. They were luxuries at first and drunk 
only by the wealthy, but by 1800 the price had fallen far enough 
to make their use universal. Tea consumption rose from 1.4 
pounds per person per yr in the first decade of the nineteenth 
century to 5.7 pounds in the last decade (and is now 7.7 pounds). 
Similarly coffee consumption increased from 1.1 ounces per 
person per yr in 1801 to 16 ounces in 1880, but then declined. 
(It has recently reached about 80 ounces.) Cocoa imports grew 
from 0.5 ounce per person in 1822 to 10.4 ounces per person in 
1894. And between 1841 and 1882 taxes on tea, sugar, coffee and 
corn were lowered from £15.8 million to £4.8 million, while 
those on beer, spirits, wine and tobacco rose from £18.1 million 
to £37.3 million’®; this helped tea to displace beer as the main 
drink of the poor. The price of alcoholic beverages relative to 
other food has also decreased recently, and it has been estimated 
that the number of minutes work required from a male manual 
worker to pay for a large loaf (13 pounds), 1 pint of beer and a 
bottle of whisky have changed from 9, 23 and 659 respectively 
in 1950 to 11, 12 and 209 in 1976”, 
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Table 4 Decreasing contribution of alcoholic drinks to nutrient 
intakes (mg per person per d) 


Nicotinic 

Iron Calcium Magnesium Riboflavin acid 

169] 0.27 150 133 0.83 15.7 
174] 0.20 110 97 0.61 11.5 
179] 0.14 67 59 0.37 7.0 
1841 0.09 47 4} 0.26 4.9 
189] 0.12 60 54 0.38 6.3 
194] 0.05 27 24 0.15 2.8 
1971 0.10 29 25 0.10 1.5 

Recommended 

intake* 10.0 500 300 1.7 18.0 


Iron was calculated for both wines and beer, and the remaining 
nutrients for beer alone as any contribution from wines or spirits was 
insignificant. For derivation of nutrient content of earlier liquors, 
see text. 

*Recommended intake for a moderately active male aged 18—35yr®, 
The recommendation for magnesium comes from the Canadian 
recommended daily intakes**, 


Licensing hours control consumption of all drinks on licensed 
premises, though any person aged 18 or over may purchase as 
much alcohol as he wishes to consume at home. 

Social factors which affect consumption are of two types. Those 
which tend to decrease consumption include the social un- 
acceptability of being drunk, the laws regarding drinking and 
driving and counter-attractions such as the availability of non- 
alcoholic refreshments, the acquisition of cheap consumer goods, 
smoking, gambling, thrift, travel, the cinema, radio and tele- 
vision which competed with alcohol for an individual’s spending 
money. On the other side of the coin concern has been expressed 
about social conventions which lead to higher consumption in 
certain occupations such as business executives®; this is, 
however, a convention of long standing as Booth remarks on its 
prevalence in the 1880s. Publicity has also been given to the 
so-called ‘lace-curtain drinking syndrome’ among those married 
women who can afford it; this too is not a new problem as 
Booth relates “All round London are growing up suburbs of 
small houses whose occupants have just enough to live on 
comfortably. Women are left at home, small ailments, the 
immediate stimulus of drink, that is how it begins’. Booth 
also related the increase in alcohol consumption in women in the 
1880s to their emancipation and increasing financial indepen- 
dence from men. In recent years the sale of alcohol in super- 
markets, and liquor trade advertisements equating alcohol with 
glamorous living, may have tended to increase consumption. 

The temperance movement has been the most prominent 
moral and educational force to affect consumption. The 
Victorian middle classes were horrified by drunkenness and 
especially by its increase amongst the working classes as they 
became more prosperous. Although their ancestors had accepted 
excessive consumption without question, they began to de- 
nounce it as an unmitigated evil. Previous social reformers had 
denounced spirits but had recognised beer as a cheap and whole- 
some drink greatly preferable to impure water, but from the 
1850s temperance reformers zealously condemned all alcoholic 
beverages and achieved much in the imposition of restrictions 
on the sale of drink to children (see Table 3). The temperance 
movement was a formidable demonstration of the power of 
organised middle-class opinion and of the ‘non-conformist 
conscience’”}8, 


Contributions to diet 


The relative contributions made by beer, spirits and wines to the 
diet are disguised when each is recorded in terms of volume. 
Spirits have a very high energy content and 1 proof pint 
(equivalent to about 1.42 pints at 70° proof) provides about 
7.5 MJ or 1,800 kcal, but essentially no other nutrient. Wines 
contain much less alcohol, even when fortified, and despite their 
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Fig. 2 Relative contributions of beer, spirits and wine to the diet; 
a, in terms of alcohol and b, in terms of energy. Values for 1821, 
1831, 1951, 1961, 1971 and 1975 include the contributions made 
by cider and British wines. The alcohol and sugar contents of beer 
at original gravity 1,055° were each taken as 4.2 g per 100 ml 
(ref, 10); the alcohol content of spirits is fixed when quantities 
are recorded in proof gallons; and wines were calculated on the 
assumption that French, Rhenish and Empire or Commonwealth 
wines were ‘light’ and could be treated as an equal mixture of red, 
rose and white wines, while wines from Portugal, Spain and their 
colonies were ‘heavy’ and could be treated as an equal mixture of 
port, sherries and vermouth. The alcohol and energy values of 
these and cider were then derived from standard tables of food 
composition®’. Any errors in the assumptions necessary for wines 

are trivial while consumption has been so low. 


sugar content they also provide less energy. The small amounts 
of iron and other nutrients are of little significance when the low 
consumption is averaged over the whole population. Beer 
contains the least alcohol, but in the amounts drunk its contri- 
bution to the energy (with | pint as drunk now providing 
between 0.6 and 1.7 MJ) and B-vitamin content of the diet can 
be substantial. 

Figure 2 shows the amounts of alcohol and of energy provided 
by beer, wines and spirits. Although they are expressed per head 
of the population, each has been restricted to certain sections of 
the population, each of which would have drunk much more 
than the averages illustrated. Even so, it is obvious that the 
total amount of alcohol available has declined fairly steadily. 
Beer has always provided the most alcohol although the 
percentage has in general declined and now stands at 67%. 
Spirits have never provided more than a third of the total 
alcohol available; they now provide about 20°%. Wine has 
recently become relatively more important. 

The energy provided has changed almost exactly in parallel 
with the alcohol content (Fig. 2). The main difference is that 
spirits, which contain little or no carbohydrate, make a relatively 
smaller contribution to energy than to alcohol. The three 
beverages together provided between 1.5 and 2.5 MJ (400-500 
kcal) per person per d in the first half of the eighteenth century, 
but this had fallen to less than 1 MJ (200 kcal) 100 yr later. 
After a rise to just over | MJ (250 kcal) in the latter part of the 
nineteenth century, it remained at an historical low of about 
0.4 MJ (100 kcal) from 1930 to 1960 but has now increased 
again to about 0.6 MJ (150 kcal) per person per d. 

Beer is and always has been the greatest source of energy as 
alcohol (on average) although its contribution has fallen from 
92%, of the total from all alcoholic drinks in 1731 to 77°% in 
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1831, and from 84% in 1931 to 79% in 1971. Spirits have 
provided up to one-fifth of the total, while the contribution 
from wine, although small, has increased from 5 °% in 1731 (when 
most of the wine was fortified) to 9% in 1971 despite the 
relatively recent increase in the proportion of light wines with 
only two-thirds the energy value of their fortified counterparts. 

It is not possible to calculate the relative importance of food 
and alcohol to the diet for most of the period covered, because 
few national surveys of the total food supply were attempted 
before 1940. We have, however, estimated the average energy 
requirement of the population at selected times, to determine 
what proportion of this was likely to have been satisfied by 
alcoholic drinks. The different age and sex structures of the 
population (particularly the greater proportion of children in 
earlier years) were taken into account from Census data, and 
present recommendations” for each group were then applied to 
these on the assumption that in the nineteenth century all men 
and women were ‘very active’ and in the twentieth century they 
were ‘moderately active’. The average requirement of the popu- 
lation was then approximately 10.3 MJ (2,460 kcal) per person 
per d in 1821, 10.5 MJ (2,500 kcal) in 1871 and 10.8 MJ 
(2,570 kcal) in 1911 compared with about 9.8 MJ (2,350 kcal) 
in 1971; the proportions met by the alcoholic drinks available 
thus averaged 10% in 1821 and 1871 and 8% in 1911, compared 
with about 5% in 1971. 

Table 4 shows the amounts of three minerals (iron, calcium 
and magnesium) and two B vitamins (riboflavin and nicotinic 
acid) estimated to have been provided by the beer available in 
selected earlier years. The minor contributions of the different 
wines to iron intakes are also included, but the amounts of 
other nutrients provided by alcoholic drinks were insignificant. 

Values for 1971 were derived from standard tables of food 
composition®’. Earlier values are the best estimates we can 
make in the virtual absence of direct information, and were 
obtained as follows. The B vitamins in beer, being derived 
mainly from the malt, seem to be related to the strength of the 
brew; thus, a sample of strong ale supplied to Queen’s College, 
Oxford before World War II contained 0.39 mg riboflavin per 
100 ml (ref. 2) compared with 0.06 mg in strong ale and 0.04 mg 
in draught bitter brewed recently”. Other analyses of beer in 
the 1930s and 1940s showed more riboflavin and nicotinic acid 
than in modern beers—0.08 mg per 100 ml (including one 
bottle brewed in 1798)" and 1.5 mg per 100 ml (ref. 22) 
respectively. These values were used in assessing intakes for 1941 
and earlier. The vitamin and mineral contents of beers in pre- 
vious centuries have thus been related to their original gravity. 

Given these assumptions beer (and wine) seems to have made 
a major contribution to the nutritional value of diets in the 
seventeenth and eighteenth centuries, and especially to ribo- 
flavin, nicotinic acid, calcium and magnesium intakes. 

We thank the librarians of the Customs and Excise Depart- 
ment for their help in making so many old records available, 
and the Trade Associations and many brewers and other 
individuals who provided information and advice. 
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Interparticle forces in multiphase colloid systems: 
the resurrection of coagulated sauce bearnaise 
C. M. Perram*, C. Nicolaut & J. W. Perramt 


Chalet Friedheim, 6386 Wolfenschiessen, Niedwalden. Switzerland 








The successful preparation of sauce béarnaise is reported. 


The physico-chemical factors influencing the stability of this 


colloidal system are considered. 


anaram y arr im re 





VARIOUS authors have extensively described! 5 the preparation of 


sauce béarnaise (SB), the colloquial name for a (hopefully) stable 
colloidal suspension consisting of a hydrophobic phase suspended 
in a low pH aqueous phase at different ionic strengths. [tis highly 
probable that the colloidal particles are micelles consisting of a 
mixture of phospholipids, fats. proteins, cholesterol and various 
long-chain unsaturated fatty acids. The aqueous phase contains 
mainly acetic acid and sodium chloride at ionic strengths de- 
termined by the initial conditions. Chlorophyli-containing ad- 
ditives, we believe, have little influence on the colloidal properties 
of the system. 

We shall first give a brief description of the underlying physico- 
chemical principles. Hydrophobic colloidal suspensions exist 
because of an interplay of double-layer repulsion and attractive 
dispersion forces. The latter are relatively independent of the 
composition of the dispersive medium and temperature although 
in some circumstances this assumption cannot be justified® °. The 
double-layer repulsions arise from the surface charge resulting 
from ionisation of adsorbed acetic acid, in this case, screened by 
the dispersing electrolyte solution!®. This contribution to the 
forces can clearly be influenced by the conditions prevailing in the 
dispersive medium. The aim of this article is to indicate how an 
understanding of this interplay of forces can lead to more complete 


experimental control of the stability of this extremely complex and 


important system. 


Theory 


Although we can find no definitive light or neutron scattering data 
on this system, we assume that the micelles are spherical, and hence 
that the Van der Waals forces between them are well described by 
the equation of Hamaker!! 


A 2 2 a seas 
ice Ja e 4 (1) 
a ae a . 


where is the interaction energy relative to infinite separation, dis 
the non-dimensional interparticle separation scaled with respect to 
mme parici: radius and 2 ie the so- a Hamaker ORRA, es a 
noe per unit area ceric panicle may he prea ced from the 
ambient bulk ¢oncentration and a suitable adsorption 
isotherm!?:'3, The fraction of these which are dissociated will 
naturally depend on the composition of the dispersive medium, 
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particularly the pH. Furthermore, we can expect that the solvation 
by acetic acid of the tonic groups on the colloid particles will 
significantly affect the stability of the particles'*. If there are N, 
dissociated acid groups per unit area these contribute a surface 
charge 


where q ts the protonic charge, The ionic strength 


N 


l , | 
Me / Per (3) 


i= 
of the dispersing medium will result in a screening of the coulombic 
repulsion due to the negative charges on the particles’ surfaces. 
The potential of these forces decays with distance r according to 
an exponental law": 


F~W2{]—tan AK L/2] 


where: Wo = surface potential, x = inverse Debye length, and 


Fig. 1 Potential curves for the interparticle interaction in a 


multiphase colloid system 
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Table } Consistency of sauce béarnaise 


Observer No. of Completely Partially 
no. samples homogeneous homogeneous Heterogenous 
| 2 2 
7 9 So O a 
3 2 ee 
4 3 
5 2 ) o 
6 2 2 
7* 2 2 a 
&* 3 3 
oF 3 3 


*The authors. 


L = distance between the particle surfaces. 

The various contributions and overall potential energy curve 
are shown in Fig. 1. If the height of the maximum in the potential 
curve is large compared to AT, where & is Boltzmann’s constant 
and T the absolute temperature, then the sauce (SB) will be stable. 

This maximum will be increased by the surface charge and 
reduced by increasing either temperature or ionic strength. This 


accounts for the empirical observation that the application of 


multivalent ions has never been recommended in the manufacture 
of sauce bearnaise, Only the increase of o can have a beneficial 
influence on the stability of the product. 


Experimental methods 


Commercially available reagents (vinegar, onion, egg yolks, 
butter, parsley, taragon, herbes de Provence, mustard, pepper, 
NaCl and alpine water (H,O)) were used, according to ref. 3. We 
do not expect that our conclusions would have been altered if the 
alternative procedures'*-+-* had been used. In our hands, heavy 
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coagulation was observed despite vigorous stirring and careful 
temperature control (+5 K). When coagulation occurs, other 
authors recommended discontinuation of the experiment? *, 
However, based on the above theoretical considerations, we 
decided to add, with extremely vigorous stirring, a further quantity 
of the commercially available acetic acid solution. and the results 
confirmed our theoretical predictions. 


Results and discussion 
After addition of acetic acid, and as vigorous stirring proceeded, 
the heterogeneous phase soon assumed the expected homogeneous 
consistency. Examination of the resulting preparation was im- 
mediately undertaken by a significant number of trained obser- 
vers. The results of this examination are listed in Table 1. To our 
knowledge, this is the first successful attempt to resurrect a sauce 
héarnaise based on the theory of the stability of lyophobic 
colloid !®, 

Thanks are due to Drs K. Hildenbrand, A. Reimann and to M. 
Hildenbrand, V. Hallmann, H. Dittrich and IL Hengst for agreeing 
to take part in the experiment. 
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New data on climatic trends 
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oscillatory cooling observed in the past 30 yr in the Northern 
Hemisphere has not yet reversed. This conclusion was 
reached by updating our data on the month-to-month, 
season-to-season, and year-to-year variations of selected 
zonally averaged meteorological parameters. 





THE reported set of climatic indices shown in Figs I and 2 
represent large segments of the Earth-atmosphere system in both 
hemispheres. Changes in the average surface air temperatures in 
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the Northern Hemisphere from 1951 to 1975 are shown in Figs 
3-5 by curves 101-111, prepared by R. Yamamoto e? al??. 
Curves 101-105 show the relative departures of the 12 month 
running means for designated latitudinal zones. Curves 106 
through lIl in Figs 4 and 5 show the departures for spring 


Data from 358 stations, north of 20 °S (see Fig. 1) were analysed. 
They were obtained from the World Weather Records? and 
Monthly Climatic Data for the World* and calculated as depar- 


spline under tension, developed by Cline’, was used in the 
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of 60°S 


Fig. 1 


analysis. The details of the averaging technique are given else- 
where!*.°, Frequently climate is defined by parameters measured 
1.5-2 m above the ground, where most of the meteorological 
instruments are situated. Because the surface air temperatures 
correspond directly to this level, curves 101-111 are the most 
direct indicators of surface climate fluctuations included in our 
set. But, the large geographic variability in surface temperature 
trends and uneven distribution of observing stations severely 
limits the accuracy of our estimates. The results should be most 
reliable for the middle and high latitudes of the Northern 
Hemisphere where the station density is highest. The striking 
feature of the record ts the large range of year-to-year temperature 
fluctuations. A progressive temperature drop over the recorded 
interval with oscillations about 3-4 yr long and an intensive 
cooling episode between 196] and 1964, can be seen. The data are 
in general agreement with earlier work® !!-46°49, Jt is interesting 
that during the past decade the high latitudes of the Northern 
Hemisphere show warming in the spring (Fig. 4, curve 106) but 
cooling in autumn (Fig. 5, curve 107). Only a slight change in the 
spring and autumn temperature is seen south of 50 °N, 


Free atmosphere below 500 mbar 


The relative temperature of the free atmosphere between the 500- 
mbar and | ,000-mbar levels in the middle and high latitudes of the 
Northern Hemisphere from 1949 to 1976 was studied. The annual 
average departures from the 1949-73 mean are plotted in curves 
201-203 in Fig. 3. The data were obtained by H. Dronia!?.3 
through the analysis of monthly pressure charts'*. Approxi- 
mately the lower 5.5 km of the troposphere is described. Infor- 
mation on the heights of the 500-mbar and 1!,000-mbar levels was 
read at 220 gridpoints at intervals of 5° latitude and 10° longitude, 
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which cover about 55% of the hemisphere (Fig. 2). The average 
relative temperature was calculated from the changing thickness 
of the atmospheric column between the two limiting pressure 
levels. A decrease in thickness of 20 m corresponds to an averdge 
temperature drop of | °C. A detailed discussion of the method is 
given elsewhere!*-'3. The data are more spatially homogeneous 
than ground level temperatures. It is possible that the upper 
atmosphere data include a small, as yet unknown ‘instrumental’ 
contribution to the cooling trend caused by gradually improved 
USSR radiosondes. This would lessen the average rate of the 
cooling trend as observed since the 1950s. Further studies seem 
necessary>*. 

Perhaps the most striking feature of the record is the large year- 
to-year variability. The curves show a gradual oscillatory cooling 
through the studied interval. A record negative departure in the 
mid-latitudes (Fig. 3, curve 201) accompanied by relative warm- 
ing in high latitudes (curve 202) occurred in 1976. Rapid cooling 
of the atmosphere between 1959 and 1964, first reported by Starr 
and Oort'> is also evident. 


Free atmosphere below 100 mbar 


The relative temperature of the free atmosphere between the 100- 
mbar level and surface from 1958 to 1976 was analysed by Angell 
and Korshover'®!7. The data are shown separately for different 
latitudinal belts of both hemispheres by curves 301-307. The 
Southern Hemisphere south of 30°S is represented by only 12 
stations so that the results are highly tentative. The fluctuations in 
atmospheric temperatures north of 30°N are probably more 
accurately indicated by Dronia’s curves 201-203, despite the fact 
that these curves refer only to the column below 500 mbar. But 
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Table 1 List of plotted indices 
Curve Parameter Area Units ~ Height Interval Average Authors Figure 
101 SAT* 0-90°N 0.2°C ~ 1951-75 12-month run | 3a 
102 M 70-90°N sta K $ 3a,b 
103 P 0-50°N aol P S 3a 
104 P 0-20°5 s = A i 3a 
105 a 50-90"N $ mna 1965-75 6 Yamamoto 3b 
106 : 70-90" N jà m $ Spring Iwoshima 4 
107 4 70-90°N - Fall Hoshiai $ 
108 N 50-907 N i aon Spring 4 
109 e 50--90°N ie aoe 5 Fall 5 
t10 5 0-50°N k Spring 4 
IH i 0-50°N a oe i Fall 5 
201 ATM t 35-907 N 0.2 °C 1,000-500 mbar 1949-76 Annual 3a 
0.1-5.6 km i 
202 : 65-90°N 7 l i i , Dronia 3a,b 
203 a 50-90°N ” 7 1965-76 i 7 3h 
301 ATM 0-90°N 0.2 °C Surface- 100 mbar 1958-76 Annual 3a 
(0-16.0 km) | 
302 30-90°N 5 x : 3a 
303 ; 1Q-30°N o , ds i Angell 3a 
304 0-90°5 s 4g 1958-75 A Korshover 3a 
305 30--90°S Ry at 5 ” 3a 
306 ; 10-30°S i m "i 3a 
307 $ 60--90°S is i z E , 3a 
401 SST} N. Central 9 0.2°C = 1947-77 12-month run} . 3a 
Pacific f Nanas 
402 N A z z Monthly 6 
501 SST N. Atlantic 0.2 °C os 1951-72 S-yr run 3a 
Stations 
{NOAS) 
$02 ; Central N. e = 1966-76 7 3a 
Atlantic Rodewald 
(Station C) 
503 l a mna 1967-76 12-month run 3b 
504 ; Boothbay es — 1965-76 Annual 3h 
Harbor 
601 VOR§ N. Hem. Percent 300 mbar 1966--76 12-month run 3h 
(9.2 km) 
602 s oe es Spring Angell 4 
603 ” n is Fall Korshover 5 
604 a Ni 3 x Summer 4 
605 a A ; y . Winter 5 
701 SNOS N. Hem. Millions -= 1966-77 }2-month "| 3h 
km ‘coe 
702 N. America 7 F Manan 3b 
703 Europe " == ý | ` 3b 
Asia 
704 SIC! N, Hem. Millions 1967-77 12-month run 3h 
km? 
705 n Pa i 1967-76 Spring 4 
706 y ie 5 = a Fall Kukla 5 
801 ICE** S. Hem. Millions a 1973-77 !2-month run 3a 
km? i 
802 a aa End of Nov. 3a 





Temperature departures: 


Area changes: 


*SAT. Surface air. 
+ATM, upper atmosphere. 
iSST, Sea surface. 


SVOR, relative vortex area (34). 
“SNO, Snow on land. 

ISIC, Snow and pack ice. 

**ICE, Pack ice. 

the latter are based on data from a larger number of stations. The 
average annual heights and temperatures of the analysed pressure 
levels were computed from the Monthly Climatic Data for the 
World*. The changes of average thickness were converted to mean 
annual temperature departures based on assumptions similar 
to those made by Dronia!¢. Details of the procedure are described 
elsewhere! ®, 

Apart from the large year-to-year changes, a gradual oscil- 
latory drop of atmospheric temperatures is observed in all curves 
except the 60-90°S, which shows warming. Data for zones 
poleward of 30°N are in general agreement with Dronia’s curves 
201-203 (Fig. 3). Large oscillations but no pronounced trend can 


30°S. Angell and Korshover!’ reported essentially no change in 
the temperature of the global atmospheric column (90°N-90°S) 
averaged with respect to mass between 1971 and 1976. 

Pacific sea-surface temperatures 

Sea-surface temperatures (SST) in the North Central Pacific are 
shown for 1947-77. The data were analysed by Namuas!® as 


departures from the 1947-66 mean. They are shown in curves 401 
(Fig. 3) and 402 (Fig. 6). The time series is based on ship 
observations received by the National Marine Fisheries Service of 
NOAA. Over 20,000 ship injection temperatures for each month 
were averaged separately for 2° x 2° Marsden squares, analysed, 
and then smoothed on to a 5° x 5° grid centred at the intersection 
point. Data for the resulting 153 oceanic grid points were 
weighted by the relative area at each latitude and averaged. 
Details of the data collection and averaging are described by 
Namias! S19, 


The large month-to-month and year-to-year variability is the 
outstanding feature of the record. The progressive oscillatory 
drop of average temperatures from approximately 1959, the 
increased amplitude of fluctuations from 1963 onwards (Fig. 6), 
pronounced cooling between 1963 and 1964, and 1968 to 1972, 
marked warming between 1965 and 1967, and the extreme 
departure of August 1976 temperatures from normal 4re also 
apparent. The largest negative departures frequently occurred in 
the warmest season between July and October (Fig. 6). 
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Fig. 2 Station network (polewards of 75 not shown). x , Air surface temperature (series 100); @. upper atmosphere temperatures (series 300); A. 
ship stations; BH, coastal station Boothbay Harbour. Hatched areas, sea surface represented by curves 401, 402, and 501; dashed line, southern 
border of the area represented by curve 201. 


The secular change in sea-surface temperature is not evenly 
distributed*!. During the winter of 1977, for example, a cold 
anomaly of — 2 °C was centred around 180° W and 40°N, and also 
affected coastal waters off Alaska and continental United States. 
At the same time in the vicinity of 130°W and 40°N the water was 
warmer than the long-term mean by 1.5 °C. The records available 
from United States coastal stations?® show a relatively warm 
ocean in 1957 and 1958 but generally cold from 1971 onwards. 
The widespread cold anomalies of coastal SST occurred in 
1933-34 and 1943-44 but these were not as intense and long 
lasting as in the 1970s. 


Atlantic sea-surface temperatures 


Sea-surface temperatures in the North Atlantic from 1951-1976 
were analysed by Rodewald?! who averaged the information 
collected from nine North Atlantic Stations (NOAS) (Fig. 1). The 
results are shown by curve 501, in Fig. 3a as 5-yr running 
means. After withdrawal of US weather ships in 1973, only two of 
the original nine observing stations remained occupied, C and M. 
Comparison of station C’s record before 1973 with that of the 
NOAS stations shows a parallel slope in the pentadal running 
means (curve 502, Fig. 3a). Station C is, therefore, considered an 
example, to some extent, of the general trend in the North 
Atlantic after 1973 (curve 503, Fig. 3b). Curve 504 from Boothbay 
Harbor, Maine, represents the changes observed along the 
northeastern seaboard of North America??. Curves 501 and 502 
combined, indicate a progressive drop in average SSTs, which 
from 1951 through 1976 amounted to approximately 0,75 °C. The 
drop was interrupted by a temporary warming between 1963 and 
1966. The largest cold departures for station C (curve 503) were 
observed in summer, between June and September. 


Polar vortex extent 


The area of the 300-mbar northern circumpolar vortex between 
1966 and 1976 was measured by Angell and Korshover**:?*. The 
area north of the main belt of westerlies at 40-50°N latitudes was 


identified and planimetered. The contours were taken as 9,280 m 
for spring and autumn, 9,120 m for winter, and 9,440 m for 
summer, as determined from the mean monthly polar stereo- 
graphic maps issued by the Free University of Berlin. 

Figures 4 and 5 show that in the spring, summer, autumn and 
winter of 1976 the vortex area was the largest for the 10 years of 
record. The vortex area for the 1976-77 winter was 4% larger than 
the average for previous winters and more than 1% larger than 
any previous winter observed. The total area for 1976 was well 
above average and was significantly larger than the previous peak 
in 1968. 

Quiroz?’ studied the central height of the polar vortex at the 10- 
mbar level for the winter seasons of 1966-76. He found the values 
to be relatively high (close to 29 km) in the winters of 1968-69, 
1969-70, and 1972-73, but low (close to 28 km) in 1966-67, 
1971-72 and particularly low in 1975-76. Data for the winter of 
1976-77 have not been reported yet. 


Northern Hemisphere snow and ice 


The seasonal and year-to-year variation of the area covered by 
snow in the northern hemisphere is shown in Figs 34-5, by curves 
701-706 with increasing area plotted downwards. The data are an 
update of measurements published earlier*® 3°. The area is 
expressed in millions of km? and includes snow and pack ice of 
three classes of relative reflectivity as delimited in the NOAA 
weekly charts*®. The maps are prepared from a visual in- 
terpretation of 6d of satellite imagery in visible light and 
infrared. Details are given in refs 26-29. Interpretation of satellite 
imagery is not without problems°*®. 

The large year-to-year variability, considerably more pro- 
nounced in Eurasia (curve 703) than in North America (curve 
702), is the striking feature of the record. There were only minor 
changes in the North American winter extents. The greatest 
variance was observed in autumn (Fig. 5) and in Asia (Fig. 34). It 
can be also seen that the autumn extent of snow and ice gradually 
increased between 1967 and 1972 and decreased between 1973 and 
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Fig. 3 Time series of climatic indices in 12-month 
running averages, pentadal running averages and 
yearly averages (see Table | for description). Observe 
that all averages for easier comparison are plotted on 
terminal date, so that for example the 12-month 
running mean for January~December 1976, annual 
average for 1976, pentadal mean 1971-76 and mean 
for December 1976 are all plotted on Dec. 31 1976. 
Temperature departures: ATM, upper atmosphere; 
SAT, surface air; SST, sea surface; vertical scale in 
units of 0.2°C. Area: VOR, relative vortex area (4); 
SNO, snow on land; SIC, snow and pack ice; ICE, 
pack ice. Vertical scale for snow and ice in units of I 
million km?. Decrease of temperature and increase of 
vortex and snow and ice areas plotted downwards. 
Data are arranged in the following order “hemisphere: 


high, then middle, then low latitude. Within each 


band; first upper atmosphere, then surface air, then 
sea surface. Large hatch marks identify years which 
are multiples of five. 
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Fig. 4 Average climatic indices for spring (March-May) and vortex 
area for summer (June-August). Symbols and scale as in Fig. 3. 


1975 (Fig. 5). The spring totals, however, increased throughout 
most of the interval from 1966 to 1975, Spring snow has a large 
impact on the surface heat balance of the continents because it 
reflects a significant part of incoming radiation which at this time 
of the year is high. Thus, the increased spring snow cover of the 
few past years has meant, in general, a decrease in the amount of 
solar radiation absorbed by the Earth’s surface. 

While our satellite-derived data show snow and pack-ice area 
combined, Sanderson?! measured the sea-ice extent alone in 
different sections of the Arctic between 1966 and 1974 using the 
Monthly British Ice Charts??. The data indicate a decrease in the 
winter and spring pack-ice area in most sectors after 1969. This 
decrease is especially pronounced in February and April. Haupt 
and Kant33 made similar observations on pack ice in the Barents 
Sea. There the-maximum spring coverage occurred in 1960 and 
the minimum in 1973. Thus the heavy snow season of 1972-73 
was associated with a relatively open Arctic Ocean and in 
particular with a relatively ice-free Barents Sea. 


Antarctic pack ice 

The pack-ice area is shown by curves 801 and 802, in Fig. 3a 
(increasing garea downwards). The data were analysed by 
Kukla*”. Information on sea ice in the Antarctic waters was 
obtained from charts routinely produced in weekly intervals by 
the Fleet Weather Facility (FLEWEAFAC) of the US Navy, 
based on interpretation of satellite images obtained from NOAA, 
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NASA, and DMSP polar orbiting satellites. Both curves show the 
total area of ice with a concentration greater than | octa. 

Antarctic pack ice extent during selected seasons of the 1966-72 
period was charted and studied by Streten?®, Sissala ef al.37, and 
Ackley and Keliher*®. We reconstructed and measured additional 
charts using visible and infrared images from NOAA satellites. 
We also measured 1971-72 summer charts prepared by the US 
Navy. Monthly ice extents for the 1967-76 interval are greater 
than those reported by Treshnikov*? for the late 1950s. 

Comparison of curves 801 and 802 shows that the change of the 
mean extent of pack ice in November from 1972-76 roughly 
parallels the change in the average annual cover. Curve 802 for the 
end of November is, therefore, considered indicative of the 
average annual secular variations of pack ice cover between 1966 
and 1972. 

The November extent of pack ice increased between 1966 and 
1972 but decreased from 1974 to 1976. Between 1967 and 1975 the 
Southern Hemisphere pack-ice variation (Fig. 3a, curves 801, 
802) parallels the variation in Northern Hemisphere snow and ice 
cover (Fig. 3b, curve 704), as does the decrease in 1974 and 1975. 
The 1976-77 Antarctic ice season, however, continued to be light, 
while the snow coverage in the Northern Hemisphere was heavy. 
Thus, except for 1976-77, fluctuations in the surface extent of the 


Fig. § Average climatic indices for autumn (September-- 
November) and vortex area for winter (December--February). 
Symbols and scale as in Fig. 3. 
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Fig. 6 Monthly departures of average sea surface temperatures in the north central Pacific from the 1947-66 mean. Vertical Scale in units of 0.2 °C. 


cryosphere in the two hemispheres for the 1967-76 period, seem 
to be generally in phase. 


Discussion 

The quality of individual records used in our study varies 
depending on the density of the station network, and frequency of 
observations. Also some of the data, for example, the upper 
atmosphere temperature and pressure readings, may have been 
influenced by gradual improvements of instrumentation. In 
general, observations made on the continents of both hemispheres 
are the most reliable. Temperature changes of the ocean surface, 
although of extreme importance in the climate system, are reliably 
known only over a fraction of the world’s oceans, namely the 
north central Pacific, the central part of the North Atlantic and 
indirectly in the subpolar seas. Vast areas in the mid-latitudes of 
the Southern Hemisphere have remained virtually unobserved. 
Hence, conclusions on climate changes in the Southern Hemi- 
sphere and for the globe are much less reliable than those for the 
Northern Hemisphere. Also, our averaging techniques do not 
allow for descriptions of local trends in weather parameters which 
may be vastly different from mean zonal changes, and which are 
the most readily observable features by the population of affected 
regions®!. Nevertheless, by comparing records of several inde- 
pendent climatic indices from different geographic areas and 
observing the fluctuations on a month to month basis, we were 
able to provide a cross check of most conclusions. 

Summarising the data presented in Figs 3-5, the following 
observations can be made. (1) The year-to-year temperature 
fluctuations which compose most of the observed variance in our 
zonally average data, are in phase over most of the Northern 


Hemisphere and also over parts of the Southern Hemisphere. 
(2) The range of the year-to-year variability in most data sets is 
several times larger than the departure due to the long-term 
trends!®-!1-5!. Įn this situation, reliable identification of trends or 
recognition of a trend reversal requires parallel observations 
made on different elements of the climate system over sufficiently 
long intervals*?, 

(3) The middle and low latitudes of the Northern Hemisphere 
show progressive oscillatory cooling throughout the recorded 
interval (Fig. 3a, Table 2). The high latitudes cooled until about 
1965 and then show little change or warming. 

(4) Pronounced cold episodes occurred globally in 1954-56; 
1964-65, 1968, 1971-72, 1974 and 1976. The years 1958, 1959, 
1970, 1973 and 1975 were comparatively warm. Several minima in 
curves 101 and 103 (Fig. 3) in the past 10 years reached the level of 
the single extreme recorded in the 1950s. Sea surface temperature 
minima were considerably lower in the 1970s than in the 1950s 
(Figs 3b, 6). 

(5) From 1950 to 1975, the rate of cooling of most of the 
climatic indices in the Northern Hemisphere was between 0.1 and 
0.2 °C per decade (Table 2). The North Atlantic sea surface and 
the free atmosphere of the northern middle and high latitudes 
show the largest drop in temperature. The drop in the surface air 
temperatures was relatively small and given the large magnitude 
of the fluctuations over this period, the trend may not even be 
statistically significant. 

(6) The slope of the five-year running means of most indices 
from the middle and low latitudes of the Northern Hemisphere 
increased between 1971 and 1975 with respect to the 1966-70 
pentad. During the same interval in the high latitudes the slope 
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Table 2 Average slope of overlapping pentadal means in the 1951-75 interval 





Average slope in C per decade 


Curve Parameter Area 1955-60 
301 ATM 0-90" N NO 
101 SAT 0-907 N +0,088 
202 ATM 65--90°N + 0.556 
102 SAT 70-90" N — 0,760 
201 ATM 35-90" N + 0.328 
203 ATM 50-90" N +0.476 
105 SAT 50-90" N — 0.156 
40i SST N. Pac. +0.304 
501 SST N. Atl. — 0.480 
303 ATM 10--30°N NO 
103 SAT 0-50°N +0.156 

Southern hemisphere 
304 ATM 0-90 S NO 
307 ATM 60-907S NO 
305 ATM 30-90°S NO 
306 ATM 10-30°S NO 
104 SAT 0-20°S + 0.168 


1960-65 1965-70 1970-75 Average 
NO — 0.068 — 0,324 — 0.196 
— 0,204 —~ 0.068 — 0.088 ~ 0,068 
— 0.944 ~ 0.300 — 0.208 -0.224 
~ 0,428 — 0.184 +0,412 ~ 0,240 
— 0,316 — 0.620 ~ 0.160 ~ 0.192 
-0.476 — 0.584 ~ 0,264 0,212 
~ 0.072 ~~ 0.368 +0.324 —~ 0.018 
— 0.492 +0. 188 — 0.512 — 0.128 
— 0,200 — 0.260 NO — 0.313 
NO +0.144 — 0.316 — 0.086 
~ 0.244 +0.028 ~ 0.220 -— 0,070 
NO +0.116 + 0.068 +0092 
NO + 0.396 + 0.468 + 0.432 
NO — 0,016 +0.180 + 0.082 
NO + 0.272 + 0.104 +0. 188 
— 0,508 + 0.072 — 0.112 #095 
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me . . b my aE a hat ~ bed 
NO, No data. Values are arithmetic averages of five departures between successive overlapping pairs of pentadal means. Observe that, for example, the 


the decadal rates. 


| means for 1951-55, 1952-56, 1953-57, 1954-58, 1955-59 and 1956-60. Result was multiplied by 10 to show 
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decreased or reversed (Table 2). In 1971-75 the sea surface in 
North Central Pacific and North Atlantic was significantly colder 
(Fig. 3a), snow cover and vortex area significantly larger (Fig. 3b), 
and average temperatures of the free atmosphere in the low and 
middle latitudes significantly lower than in the previous pentad 
(Fig. 3a and b). Record departures frequently occurred in 1976 
and in early 1977. Our data do not show a reversal in the cooling 
of the Northern Hemisphere. The short-term recovery between 
1973 and 1975 did not continue through 1976. 

(7) The spring (March-May) surface-air temperatures during 
the last decade increased in the northern high latitudes but 
showed little change in the low and middle latitudes. At the same 
time, the spring vortex area and snow cover gradually expanded 
(Fig. 4). The autumn (September-November) surface-air tem- 
peratures in the last decade dropped significantly in the northern 
high latitudes, and, to a lesser degree in the low and middle 
latitudes. Autumn snow cover increased substantially while the 
autumn and winter vortex areas showed less change (Fig. 5). 

(8) Reliable conclusions on temperature trends in the Southern 
Hemisphere are not yet possible since data are extremely sparse. 
Lack of information for the 30-60° latitude belt is a critical 
deficiency. In this belt, so poorly represented in our data set, 
satellite mapping has revealed extensive negative departure in the 
1976 sea-surface temperatures with respect to the previous year??. 

Our data from the Southern Hemisphere show cooling until the 
mid 1960s, then slight warming (Table 2). In high latitudes, south 
of 60°S, the upper air gradually warmed throughout the recorded 
interval. The pack-ice area expanded between 1967 and 1973, and 
decreased thereafter. According to Damon and Kunen*®, the 
surface air in the Southern Hemisphere warmed between 1943 
and 1974. Yamamoto et al.? found the 0-90°S surface air 0.03 °C 
cooler in the 1968-72 interval than in the pentad ending in 1962. 
Angell and Korshover!’ reported that the free atmosphere in the 
early 1970s was cooler than in the late 1950s. In all the mentioned 
studies, however, the reported temperature departures are very 
small, data variability very large and station density insufficient. 
(9) There are parallels in the climate development of the two 
hemispheres. First, the atmosphere in the high latitudes warmed 
during the last decade; second, snow and pack ice expanded in 
1972 and 1973 but decreased in 1974 and 1975; third, accelerated 
cooling took place in the early 1960s. 

We have reported changes of selected climatic indices zonally 
averaged over large segments of the globe. Possible causes of the 
fluctuations have been discussed elsewhere! 1643-45, Our zonally 
averaged indices have suppressed large spatial inhomogeneities 
which occur within any given latitude band. A coordinated 
investigation of these regional shifts of weather patterns, includ- 
ing the incidence of various weather extremes, will be our next 
objective, 
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Chimaeric plasmids carrying EcoRI fragments of the F sex 


factor have beet used to identify proteins involved in con- 
jugation and to assign them to tra cistrons. Most of these 
proteins are incorporated into the cell envelope and are 
individually regulated at the post-transcriptional level, 
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THE transfer of genetic material between bacteria by conjugation 
is an important evolutionary mechanism by which bacteria adapt 
to a changing environment, and also provides a model system for 
analysing cell-cell interactions. Conjugation is mediated by a 
variety of sex factors: we have chosen to work with the F sex 
factor whose genetics are the best known. The genes required for 
the synthesis of F pili, stabilisation of the mating aggregates, DNA 
transfer, and surface exclusion are contained in a single large 
transcriptional unit'. For simplicity this is called the ‘tra operon’. 
In it some 13 cistrons have been genetically defined (see Fig. 
1). Of these, nine (trad, L, E, K, B, C, F, H and part of fraG) are 
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Tra protems identified 





Fig. 1 uae of the F transfer region. Horizontal bars represent the fragments of F cloned in the corresponding chimaeric plasmids. The origin of 
e 


DNA trans 


r is to the right of the 62.2 kb coordinate'*. Proteins which we have identified are boxed. The lengths of the boxes correspond fo the 


lengths of DNA required to code for the proteins, Except for traM and traS, about which there remains some ambiguity, the order and location of 
the cistrons shown have been demonstrated*. The pRS chimaeric plasmids were cloned® using the plasmid vector pSC101 (ref. 23), and the pSH 
chimaeric plasmids were cloned using the plasmid vector ColE Amp (ref. 10a). 


needed for the synthesis of F pili? ~*. In addition, expression of the 
whole of traG is needed before F-carrying donor cells can form 
stable mating aggregates with F recipients’. An additional three 
cistrons, traM (which is outside the fra operon), traD and /, are 
required for DNA transfer’, The traS and T cistrons convert F- 
carrying cells into poor recipients in conjugation with other F- 
carrying donors*® (the surface exclusion phenomenon). It seems 
that transcription of the zra operon is promoted by the product of 
the positive control gene traJ (refs 7,8). traJ is itself regulated by a 
repressor complex, the products of the finP and finO genes”. The 
finO gene is missing in the F sex factor, and so F tra genes are 
normally fully expressed. 

All these cistrons have been genetically mapped relative to the 
endonuclease EcoRI sites of F (ref. 4) and chimaeric plasmids 
expressing the fra cistrons have been cloned*’. We have now used 
these chimaeric plasmids to make a comprehensive analysis of the 
protein products of the fra cistrons, as synthesised in vitro and in 
minicells. This identification of the conjugation proteins has also 
allowed us to examine their regulation and intracellular location. 


Expression of tra cistrons by chimaeric plasmids 
Two series of chimaeric plasmids have been constructed*? from 
EcoRI fragments of F DNA. The pRS series was constructed 
using the plasmid vector pSC101 (ref. 10) and the pSH series using 
ColElAmp (RSF2124)'"*. Unlike F itself these plasmid 
DNAs segregate readily into minicells and can be purified in 
good yields. As shown in Fig. | the cloned DNAs of the pRS series 
each span one or more EcoRI sites in the tra region, whereas those 
of the pSH series do not. We were able to take advantage of this to 
detect possible hybrid peptides arising from read-through at the 
junctions between cloned and vector DNA. The chimaeric plas- 
mids pRS27, pRS29 and pRS31 each carry approximately one 
third of the tra region, and each encodes relatively few tra 
proteins, These plasmids were used to identify the fra proteins as 
described below, 

In our conditions, the only proteins synthesised in minicells 
were those directed by plasmid DNA which had segregated into 
the minicells, Minicells carrying chimaeric plasmids showed a 
linear increase in the incorporation of radioactively-labelled 
amino acids into proteins over the time period used. Analysis of 
these radioactive proteins by SDS polyacrylamide gel elec- 
trophoresis followed by autoradiography revealed the individual 
proteins encoded by the chimaeric plasmids, and the intensity of 
the bands corresponded to the net rates of synthesis. 

Genetic complementation analyses* have demonstrated that 
the inserted DNA of all these chimaeric plasmids is expressed in 
the cell. Since only chimaeric plasmids carrying EcoRI fragment 6 
(f6) possess the fra operon promoter, which is located between 
trad and traA (ref. 1), the others must depend on transcription 
initiated from promoters on the plasmid vectors for expression of 
the inserted DNA. In minicells the chimaeric plasmids directed 
the synthesis of specific protein bands which were characteristic of 


the cloned EcoRI fragment. Figure 2 shows that under our 
conditions, few proteins were encoded by the parent plasmids 
pSC101 and ColEl Amp and that additional proteins were synthe- 
sised when chimaeric plasmids were used as templates. With the 
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Fig.2 Proteins synthesised in minicells from plasmid templates and 
analysed by SDS polyacrylamide gel electrophoresis. The plasmids 
present in the minicells are indicated above individual tracks on the 
autoradiogram. The positions of protein species subsequently iden- 
tified (see Fig. 3) are marked at the sides of the figure. Note that 
TraAp (tracks 3 and 6) is overshadowed by low molecular weight 
material on this autoradiogram and that pSC101-encoded proteins 
are only visible after longer exposures. No protein synthesis was 
detected in minicells not carrying any plasmid DNA. All bacterial 
strains were derivatives of the Su~ minicell-producing strain DS410 
(ref. 24). Minicells were purified by two successive sucrose gradient 
centrifugations** from 150 ml cultures grown to stationary phase in 
L broth*®. The preparations contained less than one viable cell per 
10* minicells. Minicell suspensions (6 x 10° minicells in 1.2 ml of 56/2 
minimal medium*® supplemented with glucose and thiamine) were 
incubated for 60 min at 37 °C followed by a further period of 60 min 
in the presence of 25 Ci of U-'*C protem hydrolysate (Amersham, 
55 mCi mM ` '). The minicells were then pelleted by centrifugation, 
resuspended in | ml of L broth and incubated at 37 °C for a further 
10 min. After washing with L broth, the minicells were resuspended 
in 100 yl of sample buffer?’, heated at 90°C for $ min and 
centrifuged for 2 min in an Eppendorf 3200 table centrifuge; the 
supernatant was analysed by SDS gel electrophoresis using 11 to 
20% acrylamide gradients followed by autoradiography (fluorog- 
raphy) as described®:?7, 
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No, of mutants affecting Molecular weight of *. bound 


protemn/No, of mutants protein Molar rahog to cell 
Cistron tested * {x 10°*)* in yitro municell envelopet 
trad 1/4 2S (100) (100) si 
rad 3/3 13.7 i4] 26 96 
ak 3/2 1] 70 F ni 
rake 2/2 19 22 17 88 
rak 0/2 =- = 
rab 2/2 29 7 12 67 
trac 3/3 78 (20) (20) 5-70 
waFk 3/3 25 49 17 75 
tral 3/3 40 18 23 76 
was 3/3 18 7-170 22-58 76 
ral 4/4 25 (112) (112) 89 
rad 2/2 K 2 3 S-70 
tral 0/2 - 


e 

*In most cases when any one mutant was tested, a single protein band disappeared from both the in viro and the minicell products (representative 
results are given in Fig. 3). The primary exceptions were that Tra Mp was only detected in minicells, traLp was only detected in vitro and that protein 6c was 
synthesised at a lower rate in vitro (only) using pRS27 DNA carrying tra/90. Three further exceptions have also been included as mutants affecting a 
protein: TraMp and TraTp were synthesised at lower than normal rates by mutants carrying the mutations 17aM226 (on pRS27) and tral 249 (on 
pRS31), respectively; TraBp disappeared and was replaced by two protein bands, one slightly smaller and the other slightly larger, when the mutation 
tra B269 on pRS27 was analysed. 

+ Molecular weights were determined relative to the following protein standards, whose molecular weights x 1073 are given in parentheses: RNA 
polymerase pf’ (165), RNA polymerase p (155), bovine serum albumin (68), catalase (60), aldolase (40), RNA polymerase x (39), bovine chymotrypsinogen 
(25.7), lysozyme (14.3), myoglobin (17.2), cytochrome ¢ (11.7) and F pilin (10.7). All proteins were from Boehringer (Mannheim) except F pilin. The 
molecular weights of the unidentified proteins shown in Fig. 3 were: 6a (tracks 1, 5-8, 9-11) 55,000; 6b (tracks 1, 5, 9-11) 24,000; 6c (tracks 1-11) 16,000: 
2a (tracks 21, 23-25) 25,500. All except 2a were cell envelope associated. 

+The intensity of individual bands on autoradiograms was evaluated by densitometry. For each chimaera, these values were expressed relative to that 
determined for TraJp, TraCp or TraTp within the same track and after adjustment for the molecular weight. A total of one to four individual 
determinations were averaged. These determinations were highly reproducible for the major proteins. TraSp was usually synthesised in vitro ata rate 10 to 
1 5-fold slower than TraTp but the results were occasionally so variable that we present only the range of values. To normalise between chimaeric plasmids, 
the relative value of TraCp to TraJp was determined with pRS30-carrying minicells, and this value used to correlate further to TraFp and TraHp. The 
relative incorporation into TraJp (pRS27) and TraTp (pRS31) was averaged from individual determinations and used fer normalising the results with 


TraSp and TraDp. 


“Two autoradiograms. one of which is shown in Fig. 4, were evaluated by densitometry to estimate the percentage of each ga protem associated with 
the cell envelope fraction. The values for TraCp and TraDp varied in the two experiments and the range rather than the average is presented. 


exception of polypeptides B and B* (discussed below) the same 
additional protein species were detected regardless of the vector 
molecule. These additional proteins must therefore have been 
coded for by the cloned F DNA. Comparable results were also 
obtained with the other chimaeric plasmids shown in Fig. 1. 

In an in vitro protein-synthesising system directed by purified 
plasmid DNA, only cistrons on f6 were expressed with equal 
efficiency from both pSC1OI and ColElAmp. The ColEl Amp- 
derived chimaeric plasmids pSH 1 (EcoRI fragment f1) and pSH2 
(f2) were poorer templates for protein synthesis in vitro than were 
the corresponding pSC101-derived plasmids pRS29 (f15, fl) and 
pRS31 (f17, F19, £2). We infer that the promoter adjacent to the 
EcoRI site in ColE1 is used more efficiently in vivo than in our in 
vitro system, and we interpret this as confirmation that the only 
strong promoter in the zra operon is on EcoRI fragment f6. 


Isolation of tra mutant chimaeras 

To assign individual proteins to particular tra genes, we isolated a 
series of tra mutants derived from pRS27, pRS29 and pR531, 
each mutant carrying a defined point mutation which drastically 
altered the structure of the corresponding protein. We used two 
methods to introduce mutations into the chimaeric plasmids. 
Defined amber and UGA tra mutations were moved by homozyg- 
otisation from Flac to the chimaeric plasmids. Alternatively, the 
chimaeric DNAs were treated in vitro with hydroxylamine!! and 
mutants were detected after transformation !? into an appropriate 
E. coli strain. Only amber or non-leaky mutations were analysed 
further. Mutants derived by both homozygotisation and mut- 
agenesis were detected and characterised by genetic com- 
plementation tests*+. We succeeded in isolating at least two 
independent non-leaky mutations in each of fourteen fra cistrons 
(see Table 1). Each mutation affected the expression of only one 
known ciseron. The collection included amber mutations in the 
tra cisigons J, E. B, C, F. H, T and D. No attempt was made to 
isolate zraG mutants, since the only available chimaeric plasmid 
carrying an intact traG cistron, pRS26, was too unstable for 
genetic manipulation. We were unsuccessful in attempts to isolate 


finP mutants of pRS27. All the mutant chimaeric plasmids were 


assigned numbers in the pBE series and some have already been 
described elsewhere?’°, 


Identification of conjugation proteins 

Each assignment of a fra protein to a tra cistron reported here is 
based (with the exception of TraJp) on at least two independent 
mutations in that cistron resulting in the loss of, or change in a 
particular protein band. In essentially all cases, any one mutation 
had the same effect both i# vitro and in minicells. Furthermore, 
there was a strict correlation between the cistron mutated and the 
protein affected, allowing us to identify proteins TraMp, TraJp, 
TraAp, TraLp, TraEp, TraBp, TraCp. TraFp, TraHp. TraSp, 
TraTp and TraDp. We now refer to these proteins as TraXp, 
rather than by our former nomenclature® (pTraX), since the latter 
may be confused with designations for plasmid chimaeras such as 
pRS27. Representative results are presented in Fig. 3. The 
molecular weights of the proteins thus identified, and the numbers 
of mutations affecting those proteins are summarised in Table 1. 
The molecular weights of the a proteins have been correlated 
with physical mapping data (refs 4, 13 and Thompson, personal 
communication) to produce the map in Fig. 1. Thus our results 
both identify and map twelve conjugation (zra) proteins. Of the 
genetically defined cistrons on F which are involved in con- 
jugation, only the products of traK, G, I and finP remain 
unidentified. We also detected other proteins encoded by the F 
factor for which no genes are yet known. The four major 
unassigned protein species (three encoded by EcoRI fragment 6 
and labelled 6a. 6b and 6c and one encoded by fragment 2 and 
labelled 2a) are indicated in Fig. 3. Numerous other protein 


im 


3). 


Saturation of the map 
In the following discussion we assume that zra cistrons do not 
overlap. that the origin of DNA transfer, or/7"*, does not map 
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Fig. 3 Identification of tra proteins. SDS polyacrylamide gel 


analysis of proteins synthesised from plasmids pRS27 (a), pRS29 (b) 
and pRS31 (c) carrying mutant cistrons.as indicated above each gel 
track (wt, wild type). Minicell proteins (minis) were prepared as in 
Fig. 2. /n vitro protein synthesis was as in ref. 18 but purified 
initiation factors were used. The in vitro system was prepared from 
the Su F` strain JC3272 (ref. 2) and the incubation was carried out 
in 50 ul volumes containing 250 ug washed ribosomes, 2 ug IF 1, 4 ug 
IF2, 0.5 ug IF3, 2.5 ug chimaeric plasmid DNA, 10 pl of S-150 
fraction, and the other components described (in ref. 18). After 45 
min incubation at 37 C, the samples were treated with 50 pg ml”! 
each of DNase I and RNase I at 37 °C for | min. 50 yl of twice 
concentrated sample buffer** was added and the samples processed 
for SDS gel electrophoresis and fluorography as described" *’. 
Supercoiled plasmid DNA was purified from Triton X-100 cleared 
lysates** by CsCl-ethidium bromide centrifugation. After extracting 
the ethidium bromide into CsCl-saturated propan-2-ol, 30 to 70 ug 
of DNA was concentrated into 100 yl of buffer (10 mM Tris-HCl, | 
mM EDTA, pH 8) by ethanol precipitation. The figure shows a 
representative selection of mutations which led to the loss of the 
encoded gene product, as follows (*Designates amber-suppressible 
mutations.): a, tracks 1,5, rraJ90* ; tracks 2,6,9, traAl; tracks 3,7, 
traE266*:; tracks 4,8, traB269;, track 11, tra M228. b. track 12, 
traC271*; track 13, traC272*; tracks 14,16, trraF/3*: track 15, 
traF273* ; tracks 17.19, traH88*. c, tracks 20,26, traS231; track 27, 
traS232; track 23, traT246*; tracks 21,24, traT247*; track 25. 
7248"; track 22, traD/4*. The following tra mutations also led to 
loss of the encoded protein: in pRS27, A262, A278, E264*, E281*, 
B270*, L263 and L311; in pRS29, C5*, F274*, H282*, and H283*: 


in pRS31, $233, and D285. C*, T*, and D*, amber peptides of 


TraCp, TraTp and TraDp. 
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within a cistron, and that the average molecular weight of an 
amino acid is 110. The tra cistrons to which we have assigned 
proteins account for a total of 10 kb of DNA. The corresponding 
cistrons all lie in the 31-kb region on F between the 62 and 93 kb 
coordinates*-'*, and thus account for 33%, of the coding capacity 
of this region. There is, however, a wide variation in the degree of 
saturation of the different EcoRI fragments. Thus the region on f6 
to the right of oriT is almost completely saturated. In fact the 
space between or/7 and a restriction endonuclease site in or near 
traE at 64.7 kb (R. Thompson, personal communication) is only 
sufficient to code for the defined proteins plus additional 
protein(s) of less than 20,000 daltons. This region includes the 


finP cistron! *, Similarly, the available DNA between traE and 


traB requires that TraKp be smaller than 91,500 daltons. In 
contrast, the rest of the tra operon, on fragments 15, 1, 17, 19 and 
2, includes large gaps with no known cistrons. Consequently the 
gene locations shown for this region in Fig. | are not nearly as well 
defined as those for f6. 


Most tra products are membrane proteins 

We have analysed the intracellular location of the fra proteins 
synthesised in minicells. The cell envelope was separated from the 
cytoplasm and both fractions were analysed by SDS gel elec- 
trophoresis. Most of the tra proteins proved to be strongly 
associated with the cell envelope (Fig. 4 and Table 1). The 
exceptions were TraCp and TraDp for which the proportions 
associated with the cell envelope varied widely between experi- 
ments. Although the possibility exists that the minicell results are 
not directly applicable to whole cells, we infer that the following 
phenomena are cell membrane related: the regulation of the tra 
operon by TraJp, the synthesis of F pili involving TraAp, TraEp, 
TraBp, TraFp and TraHp, and the poor recipient ability medi- 
ated by TraSp and TraTp. 


Control by traJ 

TraJp seems to be necessary for efficient transcription of the F 
factor fra operon in intact cells’. It is interesting that TraJp 
exhibited properties which are unusual for a control protein: it 
was associated with the cell envelope and it was synthesised at a 
very high rate. We anticipated that rraJ” mutants of pRS27 would 
exhibit pleiotropic reduction in the expression of the other 
‘ra operon proteins. This was not the case however. For four 
independent aJ mutants of pRS27 (one amber-suppressible 
(J90) (see Fig. 3, tracks 1,5) and three missense mutations), the 
rates of synthesis, in vitro and in minicells, of TraAp, TraEp and 
TraBp remained unchanged or even increased slightly. Thus 
whether TraJp is synthesised in a defective form, or is not 
synthesised at all, no regulatory effects on tra operon cistrons 
were detected. Since the in vitro system used may have been 
lacking in cell components involved in regulation, we attempted 
to reconstitute dependence on TraJp by adding cell-free extracts 
from F* cells to the in vitro system. These attempts were 
unsuccessful. Furthermore, no differences attributable to control 
by traJ were found when pRS27 or pRS27 traJ DNA templates 
were expressed in cell-free systems prepared from F , F* traJ*, or 
F+ traJ cells. These negative results contrast with those obtained 
for several other genetic control proteins which do function in 
vitro'® '*. Two possibilities could account for our results. If 
TraJp normally counteracts a mechanism which terminates 
transcription, the mechanism itself may be so labile that it is 
absent both i vitro and in minicells. Alternatively, TraJp might 
increase the binding specificity to the tra operon promoter of 
some cell component such as RNA polymerase. The absence of 
competing DNA (and promoters) in vitro and’in minicells may 
then render this increased binding specificity superfluous. 


F pili 
There is evidence that sra A codes for the F pilus subuny protein F 
pilin'’. We found that TraAp had the following properties. In 
minicells, it was synthesised at a much slower rate than / vitro, 
where it was the major fra product (Table | and Fig. 3a), It had an 
apparent molecular weight of 13,700 (Table | and Fig. 3, tracks 
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Fig. 4 Intracellular location of tra proteins. Minicells containing 
radioactively labelled, plasmid-coded proteins, were fractionated 
into envelope and cytoplasmic components. The autoradiogram 
shows proteins from whole minicells (W), envelope (E) and cytoplas- 
mic (C) fractions. The relevant plasmids are indicated above the 
tracks. The proteins encoded by pSH6 and pRS27 are indicated on 
the left of the figure whereas those encoded by pRS29 (C,H.F), 
pRS31 (D,T,S) and pSH2(D,T) are indicated on the right. A minicell 
suspension (1.5 ml) prepared as in Fig. 2 was treated with 50 ug ml ` ' 
of lysozyme and | mM EDTA, pH 7.5 for 10 min at 37 C. The 
minicells were disrupted by sonication (six bursts of 30 s with 
cooling) and any unbroken minicells were removed by brief centrifu- 
gation. Minicell envelopes were pelleted at 48,000 ¢ for 60 min at 
2 °C. The cytoplasmic proteins in the supernatant were precipitated 
with trichloracetic acid and resuspended in 50 yl of sample buffer? ’. 
The membranes were resuspended in the same volume of sample 
buffer. Staining of the SDS gel before autoradiography revealed that 
distinctive cell envelope and cytoplasmic proteins were indeed 
enriched in the appropriate fractions, 


9-11). and did not comigrate with F pilin obtained from purified 
F pili?? (data not shown). F pilin has an apparent molecular 
weight of 10,700 (ref. 20) Thus if tra A does code for F pilin, TraAp 
may be a precursor which is processed by a specific protease in the 
cell, losing a 3,000 dalton polypeptide to generate the F pilus 
subunit. However, this processing did not take place in minicells, 
where TraAp comigrated with the in vitro traA product and was 
associated with the cell envelope. We were unable to precipitate 
TraAp from in vitro reaction mixtures by purified F pilus 
antibodies (data not shown). It therefore remains possible that 
TraAp does not represent a precursor for F pilin, and that F pilin 
is coded for by a cistron other than (rad. 


Map position of traB 


Genetic complementation has shown that biologically active 
TraBp is synthesised both by pRS27 (carrying f6 and f15) and by 
pSH6 (carrying only f6)*. This leads to the conclusion that all of 
traB is located on f6. However, we found that no protein coded 
for by pSH6 comigrated with TraBp (Fig. 2). A new band, 
1.000-2.000 daltons larger appeared instead (B* in Fig. 2). We 
speculate that the last few carboxyterminal amino acids of TraBp 
are not essential for its biological function, and that the rraB 
cistron possesses an EcoRI site very near its end. The additional 
2,000— 3,000 daltons in B* (the TraBp analogue encoded by pSH6) 
would then be derived from a vector gene, probably that coding 
for colicin. The behaviour of one of the raB mutants supports 
this interpretation. We isolated an amber-suppressible mutant of 
pRS27 (carrying 1raB270). This coded for a TraBp amber peptide 
approximately five amino acids shorter than intact TraBp. This 
polypeptige retained 40% of its ability to complement raB 

mutants of the F sex factor, indicating that the carboxyterminal 
end of*TraBp is not very important for its biological function. We 
have taken account of these considerations in locating traB as 
shown in Fig. 1. 
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Surface exclusion 
The poor recipient ability of F-carrying cells in conjugation with 
other F-carrying donor cells, is coded for by raS and traT (refs 
5.6 and M. A., R. Thompson, S. Schwuchow, B. Kusecek and N. 
Willetts, manuscript in preparation). TraTp is an outer memb- 
rane protein present in up to 85,000 copies per cell®. This is of the 
same order of magnitude as that of the major E. coli outer 
membrane proteins I and II*. It blocks the conversion of mating 
aggregates from an unstable to a stable form*-°. TraSp markedly 
reduces DNA transfer even within stable mating aggregates”. 
The results presented here demonstrate that TraTp and TraSp 
are incorporated into the cell envelopes of minicells, that TraTp ts 
one of the major products of the fra region and that TraSp is 
synthesised at widely varying rates relative to TraTp. These data 
also allow us to make a preliminary genetic mapping of raS and 
traT. The chimaerie plasmid pRS31 carries EcoRI fragments 17, 
19 and 2 and directs the synthesis of both TraSp and TraTp (Fig. 
2. track 8). The chimaeric plasmid pSH2 carries only EcoRI 
fragment 2 and codes for TraTp but not TraSp (Fig. 2. track 5). 
Thus while aT maps entirely or almost entirely on f2, rras 
probably maps at least partially on f17 or f19 as drawn in Fig. 1. 


Post-transcriptional regulation 

There was great variation in the net rate of synthesis of individual 
tra operon proteins. Those with much the highest rate were 
TraAp, which was the main in vitro product, and TraTp. TraTp 
was synthesised at very high rates, both in vitro and in minicells. 
and it was the only fra operon product detectable on SDS gel 
electrophoresis of whole cell envelope proteins®. The cistrons 
coding for these two proteins are located at the beginning (maA) 
and towards the end (1ra7) of the rra operon (Fig. 1). 

In contrast other proteins coded for by all three of the major 
EcoRI fragments of the fra region were synthesised at low rates, 
These include TraMp, TraEp, TraBp, TraCp, TraFp, TraHp. 
TraDp and the numerous unidentified proteins mainly coded for 
by fragment f1. All these proteins, except TraMp, are coded for by 
cistrons within the fra operon. They are always synthesised at low 
rates, irrespective of the vector or the size of the cloned DNA 
directing their synthesis. Comparable results for the same pro- 
teins were obtained whether transcription proceeded from the tra 
operon promoter (pRS27, pSH6 and pRS30) or trom a promoter 
on the plasmid vector (pRS26, pSH1, pSH2 and pRS31). Thus 
cistrons transcribed after rad and before traT were expressed 
much less efficiently than srad and traT themselves (Table 1). 
Polar Mu-l insertions in the fra operon have demonstrated that it 
contains no strong secondary promoters'. Thus the increased rate 
of synthesis of TraTp relative to the gene products of promoter 
proximal cistrons must result from regulation occurring at the 
post-transcriptional level. Since this control was not dependent 
on any particular promoter, we infer that the rate of translation is 
determined by the nucleotide sequence of the primary transcript. 
This conclusion adds another case to the list (see refs 21-23 for 
example) of recently reported examples of post-transcriptional 
rate determination in bacteria. 


Conclusions 


Previous genetic analyses of fra cistrons on the F sex factor led to 
the present. relatively advanced, understanding of their re- 
gulation and biological function®, but yielded no information on 
the proteins involved. The genetic results are now complemented 
by the identification presented here of 12 of the fra cistron gene 
products. These results have facilitated the construction of a 
physical map showing the size and location of known /ra cistrons, 
they have indicated the existence of numerous unidentified tra 
cistrons and proteins, and they have enabled us to begin an 
investigation at the biochemical level into the roles of these 
proteins in bacterial conjugation, 
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letters to nature 


Superfluid >He A 
is a liquid ferromagnet 


THE superfluid A phase of liquid *He (see for example refs 1, 2) is 
often said to display orbital ferromagnetism?. This term gen- 
erally seems to be meant metaphorically and to imply that this 
phase possesses a finite total orbital angular momentum in 
 equilibrium*. I point out here that superfluid *He A is in fact quite 
literally ferromagnetic, with a spontaneous magnetic moment 
which, although extremely small on the scale of ordinary fer- 
romagnets (~ 10°'' Bohr magnetons per atom) is probably 
measurable and may indeed have some interesting experimental 
implications. 

The basic mechanism is that the Cooper pairs in He A (which 
for present purposes may be thought of as giant diatomic mole- 
cules) possess a relative orbital angular momentum? of A directed 
along the so-called | vector*; in a way familiar in the theory of 
diatomic molecules*, a small part of this is transferred, via the 
electronic-rotational coupling, into motion of the electrons 
around the nuclei, thereby producing a finite magnetic moment 
for each pair. In contrast to the thermally disoriented diatomic 
molecules in an ordinary gas, however, all the Cooper pairs in 
*He A have the same direction of orbital angular momentum, so 
the system behaves as a ferromagnet. 

l have attempted to calculate the order of magnitude of the 
spontaneous magnetic moment so produced by a technique 
closely analogous to that used in ref. 5 to estimate the parity- 
violating electric dipole moment of *He B; that is, I first calculate 
the magnitude ;R) of the orbital magnetic moment of a single 
*He dimer with nuclear separation R and relative orbital angular 
momentum A, then multiply by the square of the radial part of the 
Cooper-pair wave function, |F(R)|?, and integrate over all 
R. (The average over the angular wave function gives unity.) 
For F(R) | make the same ansatz as in ref. 5, namely 
F(R) = AR”! sin A(R~Ro), where Ro is the ‘hard-core radius’ 
(~ 2.5 A), Ais fitted from the experimental dipole energy’ gpl T) 
and Į assume k > kp (Ke = Fermi wavevector). This gives for the 
spontaneous magnetic moment per unit volume along I in a 
uniform sample 
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To estimate the quantity (R) | first note that if a single neutral 
atom of mass M, in a slightly deformed electronic S-state, is 
constrained to rotate about the origin with its nucleus at a 
distance R/2 and with angular momentum A/2, then the orbital 
magnetic moment is given, to lowest order in the deformation, by 
the expression ~2R~'P(R) (m/M)\upl, where m is the electron 
mass, fy the Bohr magneton and P(R) the polarisation of the 
atom in the outward direction in units of e( = — lel). I shall now 
assume that for a “He dimer with nuclear separation R and 
relative angular momentum # the correct order of magnitude, at 
least, of a(R) may be obtained by approximating the electronic 
wave function by an antisymmetrised product of lo, and la, 
SCF-MO single-particle functions as in for example ref. 6, 
calculating P(R) for each atom separately and summing over the 
two atoms. For the SCF-MO functions I use the forms computed 
numerically in ref. 6, Since there are only four relevant data points 
and the corresponding values of u by no means fall on a smooth 
curve, any attempt to determine the general form of u( R) in this 
way is somewhat hazardous, but if we arbitrarily try to fitit to the 
intuitively plausible formula (ao = Bohr radius) 


l m do : i A ; ; 
HCR) = lalf az R Coexp{ ~A(R-Ro)/do} (2) 


then the ‘best’ values are probably Co = — 1.1 x 1073,4 = 1.4. 

It is convenient to express the final result for the spontaneous 
moment M(7) in terms of an equivalent field Hea D) = M(T)/x,. 
where 7, is the normal-state paramagnetic susceptibility (not the 
total susceptibility), Note that IG is equivalent to about 
5x 107'° up per atom. Combining equations (1) and (2) and 
substituting the experimental value? of gp( T) for pressures near 
the melting curve and T/T; 2 0.7 (T, = critical temperature of 
*He A) we find in this region 


H..(7) = A- T/T H = ~0.02 Fk) G (3) 


where Fk) = (1+2k¢/k*)"'. Thus I tentatively estimate 
IER] ~ 10-20 mG; however, in view of the uncertainties in both 
the chemical and the many-body parts of the calculagion this 
should be regarded as at best a crude order of magnitude. 

A spontaneous magnetisation of this order should be detect- 
able, probably most easily be observing its effect on the orien- 
tation of the I-vector (as measured, for example, by ultrasonic 
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attenuation) at either low or ultra-high external fields (J. C. 
Wheatley, D. M. Lee, personal communications). (Note that 
unlike previously known orientation effects, this one is sensitive to 


the polarity of the field.) Its observation would have a number of 


interesting implications. (1) It would provide the first direct 
evidence that invariance under both space inversion and time 
reversal is spontaneously broken in He A. (2) The observed order 


of magnitude would provide some measure of the credibility of 


the above method of calculating ‘chemical’ effects in superfluid 
*He, and hence for example of the theoretical predictions of ref. 5. 
(3) There should be related effects in *He B, for example, an 
interaction of the nuclear spins with the electronic orbital mo- 
ments’ which will shift the spin-orbit rotation angle’ slightly 
away from the ‘magic angle’ cos~! (— 1/4). (4) 3He A would 
presumably constitute the first ferromagnetic liquid known in 
nature. 

I thank Bill Truscott (who first suggested to me the possibility 
of orbital magnetic effects in superfluid >He), John Wheatley, 
Richard Webb and Dave Lee for helpful discussions, and Kathy 
Levin and her colleagues in the Solid State Theory group at the 
James Franck Institute for their hospitality. 
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Positions of 
galactic X-ray sources: 0° < Z" < 20° 


PRECISE (20-25”) positions of six X-ray sources located 
in the galactic bulge, GX1+4, GX9+9, GX3+1, GX +1, 
G%13+1 and GX1I7+2 are reported here. The data 
were taken as part of the survey of the galactic plane 
performed with the SAS-3 rotating modulation colli- 
mators™™*. Previously proposed optical counterparts for 
three of these sources (GX1+4, GX9+9, and GX17+2) 
lie within our error circles. The positions, error radii, and 
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intensities (2-11 keV) determined for the sources are 
given in Table 1. We compare our results with those 
determined with previous sounding rocket and satellite 
experiments in Fig. 1. Proposed optical and radio candi- 
dates are also included. Finding charts for the six sources 
are given in Fig. 2. 

The status of each source with regards to optical or 
radio identifications is as follows: 

GX1+4 (281728 — 247): A candidate for this source 
was suggested by Glass and Feast’, who detected it first 
in the infrared (1.25-2.2 um) and then optically, where 
nearly all the emission is in lines, primarily Ha. The 
unusual nature of this object has been verified in subse- 
quent work’, and its existence in the small Copernicus 
(K. Mason, personal communication in ref. 6) and SAS-3 
X-ray error boxes leaves little doubt about the 
indentification. 

GX9+9 (281728 — 169): An optical candidate for this 
source has been suggested by Davidsen, Malina, and 
Bowyer" on the basis of the Copernicus’ and Uhuru? 
positions (see Fig. 1). It has a B magnitude of 16.4 with 
an ultraviolet excess (U—B = —0.5). The object lies 10” 
from the position determined with the SAS-3 RMC, well 
within the error circle. Recently, emission lines of Her 
A4686 and the Cri, Nit blend at 4640-4650 have 
been observed in this candidate. The substantial reduc- 
tion in X-ray error box area and the detection of 
emission lines common in optical counterparts of X-ray 
sources make the identification certain. 

GX3 -+1 (281744—-265): A very precise position for 
this source has been determined with a pair of lunar 
occultations’. The centre of our error circle is within 3” 
of the centroid of the occultation determination. A weak 
radio source (G. K. Miley, personal communication in 
ref. 11) lies near the occultation position and is con- 
sistent with the SAS-3 position. There are no optical 
candidates for the source™”’, 

GX9 +1 (281758 — 205): There are numerous position 
determinations for this source®™"-" (see Fig. 1) but no 
optical candidates" A weak radio source lies 
nearby”, but is excluded as a candidate by the X-ray 
positions. 

GX13 +1 (281811 — 171): There are currently no optical 
or radio candidates for this source, although searches 
have been made in both wavelength bands*'*. 

GX17+2 (281813—140): A variable radio source was 
found by Hjellming and Wade’ in the early X-ray error 
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Fig. 1 The regions containing X-ray sources 
reported in this letter. The indicated scale factor 
applies to allregions. Optical and radio can- 
didates are discussed in the text. X-ray error 
boxes are from the SAS-3 (S, this work); Uhuru 
(U, ref. 27); Ariel V (A, ref. 14), and Copernicus 
(C, ref. 8, and K. Mason, personal communi- 
cation in ref. 6) satellites and from lunar occul- 
tations!!? and rocket experiments. 
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Fig.2 Finding charts for the SAS-3 positions. The charts are taken from the Palomar Sky Survey red plates (National Geographic Society). 

North is up and east is to the left. The indicated scale factor applies to all charts. Stars are numbered to ease communication between 

observers; numbering and lettering schemes of previous observers have been adopted. The proposed identifications of Glass and Feast 
(GF, ref. 5), Davidsen, Malina, and Bowyer (DMB, ref. 6) and Tarenghi and Reina (TR, ref. 21) are indicated. 





Table 1 Celestial positions 





Error Flux 
SAS-3 Other Position (1950) ` radius density t 
designation designations* a o b" (90%) (2-11 keV) Commentst 
281728 — 247 GX1+4 17h 28 min 57.45 —24° 42’ 42” 1.9 I ad 55 ply Optical counterpart 
GX2+5 262.2392 — 24.7117 4.8 
4U 1728 —24 
281728 — 169 GX9+9 17 28 50.4 —16 55 30 8.5 20 230 Optical counterpart 
4U 1728 —16 262.2100 -16.9250 9.0 
281744 —265 GX3 +1 17 44 49.0 26 32 51 2.3 20 400 Possible radio 
4U 1744—26 266.2042 — 26.5475 0.8 candidate 
281758 — 205 GX9+1 17 58 33.3 -20 31 44 9.1 20 480 
4U 1758 — 20 269.6388 -20.5289 1.2 
2S1811—171 GX13+1 18 11 37.2 17 10 16 13.5 20 325 
4U1811—17 272.9050 17.171) 0.1 
281813 — 140 GX17+2 18 13 11.2 -14 03 10 16.4 20 490 ~=Radio/optical candidate 
4U1813—14 273.2967 14.0528 1.3 o 





E 
*Refs 25-28. 
Avena over the observation and accurate to ~ 10%. 1.0 uJy corresponds to 2.2 x 10-" erg s~} cm~? (2-11 keV). Jcran = 1,060 ply 
(see refs 1, 2). 
{See text for discussion and references. 
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boxes'"’”. Tarenghi and Reina” pointed out that there 
is only one star visible on the Palomar Sky Survey within 
the radio error box. Hoag and Weisberg” made a deep 
red survey of the region and found one additional faint 
M star which lies in the SAS-3 error circle, but none in 
the radio error box to a limit of R ~ 20mag. The 
identification with the Tarenghi and Reina candidate 
depends on the assumption that the radio and X-ray 
sources are coincident. The optical object has a normal 
G type spectrum? and shows no evidence” of the reported 
30 min X-ray period”. 

We thank the staffs of the Center for Space Research 
at MIT and the Goddard Space Flight Center for their 
support, also R. Kelley, J. Kulik, E. Ng, and C. Reid 
for their assistance. This work was supported in part by 
the US NASA under contract NASS5-11450. This is the 
fifth in a series of articles on determining the positions 
of galactic X-ray sources using SAS-3, 
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Hollow meteor trains 


ENDURING meteor trains that appear at a height of about 85 km 
as double lines of light have been reported for more than a 
century, the first record being Newton’s' in 1869. Although the 
dual appearance, which has been seen in the telescope within a 


few seconds of train formation and by the naked eye after about - 


| min, is net due to the occurrence of separate trains’, no expla- 
nationghas yet been offered for the phenomenon. The peculiar 
formation almost certainly results from the expanding meteor 
train assuming the shape of a hollow cylinder? and it is shown 
here that this behaviour is to be expected on the basis of recent?” 
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Fig.1 Train surface brightness profiles for meteors of 30 and 60 km 

s~! at various times (s) after train formation; r is distance from train 

axis. Ordinate is normalised luminance. Solutions refer to meteoroid 

mass of 30 g zenith distance 30° corresponding to meteors of visual 

magnitudes approximately —3 and —6 at (a) 30 and (6) 60 kms"! 
respectively. 


models of the mechanism of long enduring train luminosity. 

An ablating meteoroid deposits Na atoms (meteoric Na 
abundance ~ 0.7% see ref. 6) in a column some tens of kilometres 
long and a few metres in diameter. As a consequence of ozone 
association followed by sodium oxide reduction in the presence of 
atomic oxygen, production of excited Na atoms in the (FP) state 
occurs followed by emission of the well known D lines. On a 
simple model ground state Na (*S) atoms are continually recycled 
acting as a catalytic agent. A meteor of fireball magnitude should 
deposit sufficient sodium to produce a visual enduring train”, It is 
possible, however, that under certain circumstances removal! of 
Na atoms may occur, a process being permanent loss by charge 
exchange. Although the night-time concentrations of atmos- 
pheric positive ions in the upper D region are too low to be 
effective, meteoric metal ions present in the diffusing meteor 
column may be significant in transferring charge to free Na atoms 


M* + Na = Na+ M (1) 


where M* represents metal ions (M = Fe, Mg, Si). The most 
abundant meteoric ions O” are rapidly lost by charge exchange 
with the major atmospheric neutrals rather than by equation (1). 
This reaction represents a permanent loss of Na as radiative 
recombination or a sequence of reactions involving the major 
atmospheric neutrals results in negligible re-emergence of Na 
atoms. Metal ions themselves can suffer loss by association with 
atmospheric neutrals the most important route at 85 km is 


M* + O; — MO? + O; (2) 


giving metal oxide ions which dissociatively recombine with 
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electrons rapidly and at much faster rate than reduction by 
atmospheric O to restore M °. 

There are two significant factors in determining the spatial 
distribution of species in the expanding train. First, because of the 
relatively large extent of their coulomb fields, positive ions possess 
a smaller momentum transfer mean free path than neutral atoms, 
the radius of the cylindrical ion column at train formation is 
expected to be less than that of the neutral atom column. Second, 
the diffusion coefficient of free sodium atoms in atmospheric gases 
is several times greater than that of positive meteoric ions (which 
diffuse at the ambipolar rate). Consequently as the atomic Na and 
M* columns have different radii throughout their expansions a 
proportionately greater loss rate of Na near the column axis due 
to equation (1) results. Because Na atoms are mopped-up much 
faster in the central regions of the meteor train a trough may 
develop in which relatively few Na (°P) atoms are produced. In 
addition, by equation (2) ozone molecules are depleted’ much 
faster in the central regions of the column, so that fewer O, 
molecules are available to take part in the catalytic cycle with Na 
which leads to the production of Na (°P). There are, therefore, 
two processes leading to a relatively low concentration of excited 
sodium atoms in the central regions of an expanding train. The 
depth and lifetime of the trough is determined by the speed of the 
chemistry, equations (1) and (2), compared with the effects of 
diffusion in restoring the equilibrium radial profile by transport- 
ing Na and O; inwards and eliminating the hollow. It is also 
significant that the central hollow will only develop if the total 
number of M“ tons in a cross section of the train, y+. greatly 
exceeds the number of Na atoms, ðn, As the ionisation prob- 
ability, f, for ionising collisions between meteoric atoms and 
atmospheric neutrals increases rapidly with increasing meteoroid 
velocity, the hollow meteor train is expected to be a high velocity 
phenomenon. 

Early in the life of a train when molecular rather than eddy 
diffusion governs the radial expansion, the loss of catalytic 
sodium may be described essentially by the equations: 

i 


zNa] = Dna V? [Na] ~ Ek ,[Na][M +] 


Ai [O03] = Dos VIO- Ekuya [OM *] 


Ot 


where D is the appropriate diffusion coefficient, V? the Laplacian 
in cylindrical coordinates and the number densities of various 
species are represented by their appropriate species symbol. 
Numerical solutions were obtained for a height of 85 km taking 
night-time [O3] = 8x 10° cm~*. The adopted rate coefficients 
(em*s”')are(ref.8)k, = 2.4x 10°? cm*s”! (independent of the 
positive ion), Kape = 1.5% 107'° kaye. = 2.3.x 10°! and 
Kosg4 = 1.0107! (estimate). The diffusion coefficient (cm? 
s~') of sodium atoms in air is a factor of ~ 3 greater than 
ambipolar” and at 85 km with T= 185 K we adopt 
Dy, = 4.2 x 10% and D, = 1.4 x 10%. A value of Dos = 4 x 104 is 
assumed. It is further assumed that following the ablation 
process, a meteor column is established whose constituent species 
have gaussian radial distributions described by radii r; such that 
r? x D, For a meteor of fireball magnitude we take 7 
(Na) = 20m. The results of Sida'® are used for a working model 
giving f for meteoric atoms as a function of velocity while atom 
abundances appropriate to chondrite meteorites are adopted. 
Visual meteor magnitude, meteoroid pre-entry mass and velocity 
may be related'':'* the line densities, x, of deposited atoms and 
ions, The ratios %4,.%y, for 30kms~! and 60kms~! are 0.26 and 
3.9 respectively. The sodium D line emission per unit volume is 
equal to the rate of production of Na CP} atoms so that for an 
optically thin column the apparent surface brightness (luminance) 
of any part of the train is proportional to the integral of the 
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product of the Na and O, concentrations in a column of unit area 
along the line of sight. Because p is highly velocity dependent, 
significant Na loss occurs only in trains of high velocity meteors. 
A central hollow only develops for v > 50 km s~!. Solutions are 
shown in Fig. | where the peak to trough luminance ratio is about 
2at60kms~' while at 70 km s~! is about 3.5. These ratios result 
from severe depletion of Na (°P) atoms within a cylinder of radius 
about 20 m. A hollow train 60s after formation would be resolved 
by the naked eye at a distance of about 150 km. Such characteris- 
tics are in accord with observations. Although hollow train 
observations are sparse, the cases reported by Newton! refer 
exclusively to members of the Leonid shower (72 km s~ +) while 
those by Trowbridge’ occurred at the epochs of the Orionids (66 
km s` ')and Perseids (60 km s~ 1). The phenomenon has not been 
reported for the low velocity streams such as the abundant 
Geminids (36) Giacobinids (23) and Quadrantids (40 km s~'). 
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Surface temperature of early Earth 


CHANGES in the surface temperature of the Earth throughout its 
history are important for understanding both the geological 
development of the Earth’s surface and the origin and develop- 
ment of life on Earth. The calculation of variations in the surface 
temperature with time is complicated by the number and nature of 
the physical variables involved, as well as by the long period of 
time over which extrapolation is required. Theoretical studies 
must be carried out in terms of highly simplified global atmos- 
pheric models with fairly lax boundary conditions. Consequently, 
even the gross features of atmospheric evolution may be explic- 
able in terms of more than one theoretical model. Here we take the 
model most widely referred to in recent years and point out that a 
radically different approach can provide an equally supportable 
result. Too much significance should not, therefore, be read into 
the details of currently constructable models. 

Sagan and Mullen! carried out a theoretical investigation of 
long-term changes in the Earth’s surface temperature on the 
assumption that the major infrared absorbing gases in the Earth’s 
atmosphere have always been water vapour and carbon dioxide. 
But, in view of the accepted boundary conditions for the early 
Earth, they concluded that the original terrestrial atmosphere 
must also have contained additional absorbing gases. This con- 
clusion has two important consequences. First, the Earth’s early 
atmosphere must have undergone a significant change in chemical 
composition as the postulated additional absorbing agency was 
removed from circulation. Second, because any physically prob- 
able additional absorber is likely to belong to a chemical species 
that figures in current discussions concerning the origin of life 
(Sagan and Mullen consider ammonia to be the most probable 
candidate) acceptance of their model has implications for ideas on 
the early development of life on Earth. We intend to dgmonstrate 
here that the same boundary conditions can be satisfied by a 
different model that postulates absorption by water vapour and 
carbon dioxide only throughout the lifetime of the Earth. 

In principle, the surface temperature at any epoch can be 
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calculated in two stages. The first involves the computation of the 
effective temperature of the planet (7.) by the equation 


SUA) = foT å (1) 


where Sis the solar constant; A the spherical albedo of the Earth: 
/fthe flux factor: o the Stefan--Boltzmann constant. All the factors 
are Straightforward except for f, which we will now define. For a 
rapidly rotating planet with a thick atmosphere, the area emitting 
radiation is taken to be 4z R7 (where R is the planetary radius). 
For a slowly rotating planet with a thin atmosphere, the cor- 
responding emitting area is 27R*. Since the area receiving solar 
radiation is 7R*, the flux factor (defined as the ratio of the 
emitting area to the absorbing area) must, therefore, be either 4 or 
2. But the choice need not always be so obvious. In physical terms, 
the value assigned to the flux factor depends on the ratio of two 
characteristic times. The first (ta) is the time required for a 
planetary atmosphere to radiate away a major part of its heat 
content: the second is the rotational period of the planet (1,). If 
tTh/t, = 1, neither / = 4, nor f = 2, represent good approxi- 
mations, and it becomes necessary to use a transitional value 
(for a more detailed discussion of f see ref. 2). 

The second stage of the calculation relates 7, to the surface 
temperature (7,) by an equation of the general form 


T; = T.+AT (2) 


(Here AT is the ‘greenhouse’ increment due to the presence of 
an atmosphere, and depends on the mass, surface pressure and 
chemical composition of the atmosphere concerned.) We have, 
therefore, set up a computer program that solves equations (1) 
and (2) for T, over a wide range of the relevant input parameters 
and at any epoch. Our approach is similar to that of Sagan and 
Mullen, though we have incorporated a reanalysis of the lab- 
oratory data available on infrared absorption as a function of 
pressure (for further details, see refs 2 and 3). 

A determination of changes in the terrestrial surface tempera- 
ture entails a study of all possible secular variations in the input 
parameters over the lifetime of the Earth (taken to be 
4.5-4.6 x 10° Myr). The best attested change is in the solar 
constant. There is good agreement between theoretical models of 
the Sun, showing that S has increased by 40-45% since the origin 
of the Solar System*. If this conclusion is fed into the model 
computations for 7,, then curve Fig. 14 results, giving a surface 
temperature well below the freezing point of water during the 
early part of the Earth’s history. There is, however, an important 
observational limitation on the minimum surface temperature of 
the early Earth. Geological evidence suggests the presence of 
extended sheets of liquid water on the Earth’s surface at least 
3,700 Myr ago*. We cannot use this as an index of the degassing 
rate, as the actual volume of water cannot be readily determined, 


Fig. I Increase in the surface temperature of the Earth with increase 
in solar luminosity: a, for varying albedo: b, for constant albedo. 
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but we can assert that the average surface temperature could not 
at that time have been much below 273 K. 

Sagan and Mullen escape from this dilemma by suggesting that 
the early terrestrial atmosphere contained an additional absorb- 
ing agency. They thus increase AT until the required minimum 
value of T, is reached. But the same final value of T, might be 
obtained by increasing Te. Ifa smaller value of S is accepted, then 
it can be compensated, according to equation (1), by making A 
larger, f smaller, or by changing both simultaneously. We 
investigate here whether such changes can provide an acceptable 
alternative model. 

Sagan and Mullen assumed that the terrestrial albedo has 
always been approximately the same; but this assumption de- 
pends on the precise mode of formation of the atmosphere. It is 
generally supposed that the Earth’s atmosphere (together with the 
hydrosphere and some of the sedimentary material) originated by 
degassing from the crust. If the atmospheric gases were released 
over an extended period of time, we would expect the albedo to 
change with time--from an initial value appropriate to an 
atmosphereless planet (say, 0.07) to the present-day value of 0.33. 
We have computed the run of the surface temperatures for a 
model where the gases forming the terrestrial atmosphere have 
been vented throughout the planet's existence. The terrestrial 
albedo has been taken to be a function of the mass of atmospheric 
gases per unitarea. Thisapproximation depends on the assumption 
that the planetary albedo 1s primarily affected by the presence of 
clouds, which can, to some extent, be correlated with atmospheric 
mass. 

The results are shown in Fig. la. A comparison of the two 
curves in Fig. | indicates that the variation in albedo partially 
compensates for the change in the solar constant. Consequently, a 
relatively slow degassing leads to an average surface temperature 
that never falls far below the freezing point of water. 

So far we have considered changes in the albedo due to 
continuous degassing. Available K/Ar data suggest that degass- 
ing went on more rapidly earlier in the Earth’s history than now, 
though uncertainties (such as the supply of potassium in the crust) 
make it difficult to attach a figure to this difference®. On our 
present argument, a more rapid early degassing would imply a 
lower average surface temperature. But, there remains one further 
parameter in equation (1) that requires examination—-the flux 
factor, f. As with the albedo, the choice of a value for the flux 
factor in atmospheric models has been considered straight- 
forward, and for the present-day Earth, there is no ambiguity over 
the flux factor to be used: t,/t, = 107, and f=4. But the 
rotational period of the Earth is believed to have varied with time, 
owing to tidal interaction with the Moon, increasing from an 
original value of somewhat more than 2 h to the current figure of 
24 h. If the Earth’s atmosphere had undergone no major change 
with time, this rotational variation would clearly not affect the 
appropriate value of /. If. however, the terrestrial atmosphere has 
built up by degassing during the Earth’s existence, then the value 
of f throughout the early period requires re-examination. It is 
generally supposed that the Moon was either captured. or formed 
in orbit, not later than 4,000 Myr ago. (Later capture should have 
led to observable effects in the geological record.) This implies 
that the major tidal interaction between the Earth and the Moon 
(and, therefore, the most rapid deceleration of the terrestrial 
rotation) occurred at the same time as our postulated initial 
degassing. Hence, both t, and t, would be changing simul- 
taneously. 

We have recomputed our values for the surface temperature of 
the early Earth taking into account concurrent changes in the 
value of /. (The rate of change of the Earth’s rotation has been 
taken from Marsden and Cameron’.) The results are shown in 
Fig. 2. The significant consequence is that the average surface 
temperature of the early Earth is appreciably enhanced. This 
implies that changes in the albedo and flux factor can be set 
against each other to produce a range of possible temperatures for 
the early Earth. More particularly, the effects of an enhanced 
early degassing rate can be cancelled by an appropriately varying 
flux factor. Figure 2 clearly suggests that the early Earth may even 
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Fig. 2 Possible evolution of surface temperature for the Earth 
allowing for variations in the flux factor. These are caused by 
changes in terrestrial rotation due to the capture of the Moon, 


have been warmer than the present-day Earth. It is, therefore, 
worth pointing out that some recent palaeotemperature measure- 
ments support this possibility”. 
The model presented here is capable of fulfilling the boundary 
conditions without requiring the presence of additional absorbing 
agencies. More generally, we would argue that current atmos- 
pheric evolution models are too primitive to provide certain 
theoretical backing for an early reducing atmosphere on Earth. 
Hence, they must be used with great caution in discussions 
concerning the origin of life. 
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Redox regulation of atmospheric 
oxygen and its consequences 


MANY attempts! ” have been made to explain why the con- 
centration of atmospheric oxygen remains steady at ~21%,. | 
previously suggested that the turnover of marine and brackish 
water Sediments promotes a recurrent demand for dissolved 
oxygen by alternately oxidising and reducing insoluble inorganic 
iron. Oxygen incorporated with sediments by this means com- 
bines with hydrogen to form water—thus preventing to some 
extent that loss of hydrogen by which Earth is oxidised**’. It is 
now apparent that regulation of molecular oxygen cannot be 
brought about by iron alone because the rate of turnover (even of 
shallow water sediments) is not fast enough'*. Nor can sulphur 
(on its own or in association with iron) effect the transfer of 
sufficient oxygen from the aerobic to the anaerobic environment if 
rates of microbial activity in deep sea sediments are generally 1-2 
orders of magnitude slower than in those of the continental 
shelves'*:'°. | propose. therefore, that six elements (N, Mn, Fe, S, 
C, H) circulate in reduced and oxidised forms between the aerobic 
and anaerobic environments and bring about ‘redox regulation of 
atmospheric oxygen’. 

Entering the anaerobic environment as the oxidants NO, , 
MnO, FeOQOH, SO,4* , CO; and OH, N, Mn, Fe, S, C and H 
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are reduced to Na, Mn(u), Fe(it), H:S, CH4 and H2 at suc- 
cessively lower levels of redox potential—the reductions taking 
place in terrestrial soils, marine and freshwater sediments and the 
guts of animals. To complete their cycles (satisfying their oxygen 
demands as reductants) N2. Mn(il), Fe). H:S, CH4 and H: 
must be freed from the anaerobic environment. This happens by 
venting: Nat, CHaf and H21, by diffusion: H2S, and by turnover: 
Mn(11) and Fe(i1). The inorganic oxygen demands of Mn(11), 
Fe(11) and H2S are then satisfied by dissolved oxygen, whilst those 
of Na. CH4 and Hz are satisfied by reactive forms of gaseous 
oxygen ([O], O2, O3). On this basis all of them make recurrent 
demands on molecular oxygen though the demands of N, S and C 
(which circulate in vast quantities, combine with more than their 
own weights of oxygen and have their reductions brought about 
by microorganisms using dead organic matter as the reductant) 
have the greatest effect. 

Redox cycling poises the aerobic environment at pE ~ 13 on 
an anaerobic environment extending from a level at which NO3 
is reduced to gaseous nitrogen (pE ~ 12) to that at which water 
yields molecular hydrogen (pE ~ — 7). (pE (RTF ' In 10) = Eh 
where Eh is the electrode potential of a half-cell measured against 
the standard hydrogen half-cell which by convention has a 
potential of OV). In terms of pE, it is significant that regulation 
was achieved shortly after N became an oxygen sink, and that it ts 
currently held at a level below that at which widespread forest and 
grassland fires would be limiting*. It is suggested that the ‘gate’ 
between the aerobic and anaerobic environments is ‘guarded’ by 


1000r 








pH 


Fig. 1 Distribution of EA-pH measurements of natural aqueous 
environments (after Baas Becking er al.'"), 


the processes of nitrogen fixation and denitrification, The former, 
using more molecules of oxygen than molecules of nitrogen, tends 
to lower oxidation potential to a point where the way is opened 
for denitrification. Such a lowering of pE can be viewed variously: 
as a displacement of one redox reaction by the one beneath it in 
the series, as a general rise of these reactions within a soil or 
sediment profile, as a slight telescoping of the anaerobic environ- 
ment at the aerobic end. If nitrifying bacteria at the surface of a 
sediment or soil are inactivated by a lowering of oxidation 
potential, denitrifiers alongside them are activated &nd use the 
NO, made elsewhere. Thus, normally, and in concert with the 
other cycles, the highly pE-sensitive N cycle is able to correct any 
tendency to over-regulation, so that despite the favourable pE and 
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pH of Earth’s surface, an excess of NO 37 (refs 5, 7, 11, 14) is as 
unlikely as a shortage of oxygen. 


Functioning as a sink for oxidants, the reducing anaerobic 


environment helps to regulate the pH of the aerobic. This is 


evident in Fig. l-—a plot of some 6,000 Eh—pH readings (including 


those of other workers) made by Baas Becking et a/l.--which 
shows a marked columnar disposition of points between pH 7-8 
in the anaerobic, surmounted in the aerobic by a linear con- 
centration having the same slope (~59mV per pH unit) as the 
equilibria between water and oxygen and water and hydrogen. It 
is apparent that the reducing, anaerobic environment maintains a 
state of near neutrality throughout its range whilst the aerobic 
environment becomes more acid as it becomes more oxidised. 

In the aerobic environment, this tendency to acidity as oxidants 
go into solution is offset by carbonate and alumino-silicate’ 
buffering. There are many places, however, where buffers are 
lacking and increases in acidity happen either because of a 
seasonal hiatus in the uptake and eventual reduction of oxidants 
(as in Norway where they are retained through winter in the snow) 
or because the anaerobic environment is too poorly developed to 
cope with the influx. 

There are other places where the anaerobic environment is 
atypical and there are anoxic basins, in which oxidants are in 
short supply. and deserts, from which water and the reductants 
furnished by dead organic matter are missing. Earth is adjusted to 
their presence and it may be wrong to suppose that they are signs 
of environmental ill health. Nevertheless, overall, Earth’s aerobic 
and anaerobic environments are mutually sustaining; to diminish 
one is to diminish the other; to have failed to acquire one would 
have meant failing to acquire both. 
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Has man increased stratospheric ozone? 


MANY anthropogenic threats to the ozone layer have surfaced 
(eight so far) since McDonald first suggested that supersonic 
transport aircraft would lead to increased skin cancer. It should 
be comforting, therefore, that agricultural modifications to the 
Earth (increased oxygenation, drainage, and pH of the soil and 
destruction of bacteria culturing humus) are suggested here to be 
more important than addition of fixed nitrogen in modifying N,O 
production by denitrifying bacteria. If true, man should have 
caused an increase in total global ozone. 

This effect operates through the denitrification branch of the 
nitrogen cycle in which soil bacteria, in the absence of oxygen, 
turn to nitrate and nitrite as oxygen donors and produce N, and 
N,O as waste byproducts which escape into the atmosphere. Part 
of the NO ascends by the Hadley circulation into the stratos- 
phere wherg a fraction, estimated at about 1°% of the total surface 
production, is oxidised to produce the catalytic destroyer of 
ozone NO. While most of this cycle is known only qualitatively, 
it is believed that denitrification is favoured in soils which: (1) are 
saturated with water, (2) are largely devoid of oxygen, (3) contain 
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organic matter for microbial consumption, and (4) contain 
oxidised nitrogen in the form of nitrate or nitrite. (The latter has 
been the only factor considered in most discussions of this 
problem!.) According to Johnston’, the fraction of denitrified 
nitrogen released to the atmosphere as NO is favoured by: (1) 
low temperature, (2) low pH, and (3) marginal anaerobic con- 
ditions; all of which in turn lead to a low rate of denitrification. 
Thus the net effect of these last three parameters on N,O 
production was left ambiguous. Most authors seem to feel they 
cause a net reduction in the rate of N,O production’. 

Since taking up agriculture, man’s tillage of the soil and 
elimination of natural standing water have had large scale effects. 

First, soil oxygen has been increased through: (1) loosening and 
turning, producing increased aeration and (2) reduced com- 
petitive oxygen demand from root growth by: spacing of mono- 
cultured plants; elimination of competing plants or weeds, and 
fallowing; (3) reduction of oxygen-excluding soil moisture 
through: increased runoff; erosion and oxidation of water- 
retaining humus and non-return of plant debris; measures to 
improve drainage and/or percolation wherever water stagnation 
restricted plant growth. 

Second, the volume of culture medium for soil bacteria has 
been reduced through the loss of humus and top soil. 

There have, of course, been opposing effects favouring in- 
creased N,O production from irrigation, rice culture and addition 
of fixed nitrogen to the soil but these are generally on a smaller 
scale, and tend to occur under conditions or in areas where they 
have little or no effect. For example, irrigation and to a lesser 
extent fertilisation is restricted to porous and well drained soils, 
large scale fertilisation has turned from nitrate to ammonia 
(oxidation of ammonia to nitrate will occur but only under 
conditions at least temporarily unfavourable for denitrification) 
and rice culture is restricted to areas already tending to be water- 
logged. There have been numerous claims that anthropogeneti- 
cally produced oxides of sulphur and nitrogen have caused large 
scale increases in the acidity of precipitation and a suggestion‘ 
that this could lead to increased production of N,O. This is a 
logical theoretical extrapolation but it has little support from 
available data. As noted above, by slowing denitrification a lower 
pH may actually reduce N,O production. Furthermore, there are 
large natural injections into the atmosphere of fixed gaseous 
sulphur and nitrogen exceeding those due to man. Without the 
return to the soil by the atmosphere of these soluble plant 
nutrients we could expect large biological deserts even where there 
is adequate rainfall. The areas in which decreased pH has been 
claimed represent only a small portion of the globe and past data 
to establish the trend are very fragmentary. 

It thus seems plausible that any affect that man has had or will 
have in the foreseeable future on denitrification 1s to decrease 
N.O production and thus to increase the depth of our ultraviolet- 
screen of stratospheric ozone. Available data on tropospheric 
concentrations of N,O are very confusing? and of little help in 
resolving this question. The data suggest abrupt increases in N,O 
concentration between 1967 and 1968 and again in recent years. 
The difference, however, in N,O concentration indicated by the 
different sets of measurements raises questions about the accuracy 
of the measurements. The ozone measurements are more en- 
couraging. They suggest, that total global ozone has been 
increasing since measurements were first made in the early 1920s 
and particularly since the significant expansion in the obser- 
vational network began about the mid-1950s. 

This work was performed under the auspices of the US Energy 
Research and Development Administration (contract W-7405- 
Eng-48). 
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Evidence of rapid changes in the 
Permian geomagnetic field during 
the Zechstein marine transgression 


CONSIDERABLE refinements have been made recently to 
Palaeozoic magnetic reversal stratigraphy. Here, we present 
evidence of a previously unrecognised rapid field change of 
positive polarity during the Upper part of the Kiaman Magnetic 
Interval. This is recorded in the Upper Permian Marl Slate, 
a well-known stratigraphic marker horizon and should be of 
considerable value to future palaeomagnetic and stratigraphic 
studies. 

Late Palaeozoic palaeomagnetic data are voluminous, 
largely because of the ubiquity of easily measured red beds and 
igneous rocks. Within these data there are systematic dis- 
crepancies and it has been suggested that the Permian geo- 
magnetic field did not perfectly correspond to an axial dipole. 
Palaeontological diversity data have also been used to argue 
that the Permian field was non-dipole'. A number of palaeo- 
magnetists have noted that pole positions plotted with respect 
to the Bullard er al? reconstruction are, for the southern 
continents, displaced by about 20° to the east, although this has 
been explained in terms of an alternative reconstruction®, 
Briden eż al. investigated Permian and Triassic palaeomagnetic 
data in detail and were able to show that, at a first approxima- 
tion, the Permian field corresponds to an axial dipole when 
based on a Bullard-type fit. One of the important discrepancies 
in this model is that for European data, inclinations are often 
much less than expected. These were interpreted in terms of 
coaxial multipole fields and our results provide further evidence 
of short lived anomalies in the Permian geomagnetic field. 
We still believe. however, that the best overall model of the 
Permian field is that of a geocentric axial dipole. 

An important feature of the Permian geomagnetic field is that 
it was persistently of reversed polarity. From late Carboniferous 
to late Permian times, the geomagnetic field was predominantly 
reversed and this has been called the Kiaman Magnetic Interval. 
One brief normal event occurring at approximately the 
Carboniferous-Permian boundary has been documented in the 
USSR and the USA®*. Here we record the discovery of further 
rapid field changes of positive polarity occurring at a strati- 
graphically significant horizon which could be of considerable 
value to studies of Permian strata. 

Our results come from an investigation of the role of metal 
sulphides in palaeomagnetism and, specifically, from the 
Upper Permian Marl Slate. This is a thin, black, sapropelic, 
dolomitic laminite which represents the Zechstein marine 
transgression over Rotliegendes sandstones in northwestern 
Europe®. The eastern European equivalent of the Marl Slate is 
the German Kupferschiefer. A complete sequence of the 
Marl Slate has been obtained from a borehole drilled off the 
north-east coast of England by the National Coal Board at 
NZ5099852007 and donated for study by Dr D. Magraw. 
In this borehole, the Marl Slate was cored from a depth of 
285.3 m and is 1.18 m thick. Thirty-six cores of 2.5-cm diameter 
were drilled parallel to the bedding and throughout the length 
of the core. In this way, palaeomagnetic directions could easily 
be referred to the bedding planes and true palaeolatitudes 
calculated. Only the relative declination could be measured, 
because the absolute orientation of the core relative to 
geographic North is unknown. The natural remanent magnetisa- 
tion (NRM) of the specimens was measured along with their 
low-field susceptibility. The results are summarised in Fig. 1. 
The NRM intensity of the Mar! Slate is weak, of the order of 
0.1 uG and the initial susceptibility varies between 5 and 


593 


Daaa 
TAA sam a an 
me y 


oma 
pen ma T 
~ oe 


Polarity 


Normal 


a g y 
w ae 2 
| Oy aa w 
a >A D 
“4 a 

i Ay 

A 
A Cidi 





a 
p 
niay 
an 
JOE Q -+90° 0 180° 360° 
Inclination Declination 


Fig. 1 Magnetic stratigraphy of the Marl Slate showing an upper 

zone of negative polarity and a lower zone of positive polarity. 

The section is 1.18 m thick. Declination is relative, inclination is 

absolute. The results are shown before heating (@) and after 
heating (A). 


14 uG Oc'!. The initial directions fall into two well 
defined groups: an upper zone with negative inclinations, and a 
lower zone of positive inclinations. The mean direction of 
magnetisation is dec, 299°, inc. -+34°, ay;.19°, after the 
polarity of the upper group has been normalised. In these 
initial measurements, there are important differences in the 
degree of scatter of both inclination and declination between 
the positive and negative zones. In the upper, negative part of 
the core, both declination and inclination show much less 
systematic variation than the lower, positive part of the core 
(Fig. 1}. The transition from positive to negative inclination is 
extremely sharp but there is no sharp transition in declination, 
although this may be due to the fact that the directions have 
relatively steep inclination, and would not be expected to show 
such a sharp transition. 

Thermal demagnetisation studies investigated the stability of 
the magnetisation and showed that the magnetisation of the 
Marl Slate in this core is extremely soft and only about 20° of 
the original remanence remains after heating to 200 °C. At and 
above this temperature, there are large increases in intensity 
due to a laboratory magnetisation caused by the oxidation of 
sulphide minerals’. During thermal demagnetisation, no 
recognisable secondary components were removed and after 
cleaning the specimens at 150°C, the positive and negative 
zones in the core remained unaffected. There was little change 
in the mean direction of magnetisation of the core: dec. 324°, 
inc. + 21°, a,,.34°, although there was some increase in 
scatter, particularly in the declination. This results from the 
difficulty of resolving accurately the magnetisation of the 
specimens at much weaker NRM intensities (average 
0.05 uG). For these reasons, we believe the initial measure- 
ments represent most accurately the original magnetisation 
of the Mar! Slate. 

Several factors suggest that the magnetisation of the Marl 
Slate in this core was acquired during deposition or early 
diagenesis. Because the core came from a submarine b&rehole, 
the specimens should be free from surface oxidation and this 
has been confirmed by detailed mineralogical investigations. 
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The presence of iron, zinc, copper and lead sulphides, of early 
diagenetic origin and showing no signs of subsequent alteration 
is taken as evidence that the original magnetic mineralogy is 
largely unchanged. Moreover, textural evidence indicates that 
the main mineral phase in the Marl Slate, dolomite, is also of 
early diagenetic origin. It is interlaminated with calcite and 
consists of thin laminae of dolomicrite and hypidiotopic 
dolomite®, features which indicate an early diagenetic origin. 
The NRM carrier cannot as yet be identified precisely, although 
rock magnetic studies indicate that it might be a mixture of 
magnetite and haematite. 

X-ray diffraction and geochemical studies indicate that the 
lower part of the core is richer in detrital quartz, whereas the 
upper part has a higher carbonate content. We take this to 
indicate that the sedimentation rate was relatively rapid in the 
lower part and much slower in the upper part of the core 
(corresponding approximately to the negatively magnetised 
zone). 

We are therefore able to interpret the magnetisation of the 
Marl Slate. The upper part represents a negatively magnetised 
zone, acquired over a relatively long time and incorporating 
ambient geomagnetic field changes. The lower part is a zone of 
positive magnetisation, acquired more rapidly and in which 
ambient geomagnetic fluctuations have not been averaged out. 
Although the upper negative zone may represent a part of the 
Kiaman reversed polarity, we do not believe that the lower 
positive zone is a simple normal polarity zone, but rather 
evidence of rapid field changes similar to an excursion. We 
believe that the recognition of this positive rapid field change in 
the upper Kiaman is particularly significant because of its 
stratigraphic location. It coincides with strata which record the 
Zechstein marine transgression and which can be widely 
recognised over northwestern Europe. Further palaeomagnetic 
studies should provide a better understanding of the timing of 
this transgression and also of the Permian geomagnetic field. 

This work is supported by a grant from the NERC and we 
thank D. H. Tarling for providing facilities for palaeomagnetic 
measurements. 
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Hilgardite and parahilgardite 
piezoelectric zeolite type phases 


THe calcium chloroborate minerals hilgardite and parahil- 
gardite are classic examples of point group symmetries m and | 
Eee 2. They were found in the Choctow salt dome, 
Louisiana and are both piezoelectric. The chemical composition, 
originally given as Cas (B,O,,) ,Cl,;4H,O for both minerals 
(see refs 1 and 2), has been revised to Ca,(B;0, (OH), Cl) (ref. 3). 
Our structure determination indicates the chemical composition 
to be Ca B,O,Cl-H,O for both phases. 
Hilgardite is monoclinic, space group Aa, with cell dimen- 
sions: a = 11.438(2), b = 11.318(2), c = 6.3181) A, B= 


Nature Vol. 270 15 December 1977 


90.06(1)°; Z = 4. Parahilgardite is triclinic, space group PI 
with cell dimensions: a = 17.495(4), b = 6.487(1), = 6,313(1) 
A, a = 60.77(1), B = 79.56(1), y = 83.96(2)°; Z = 3. The 
crystal structures have been deterauned by the es atom 
method and refined by the method of least squares to R-factors 
of 0.018 and 0.028 for hilgardite and parahilgardite respectively, 
based on 1,475 and 4,432 reflections, measured on an auto- 
matic single crystal diffractometer. 

The structure of hilgardite is a three-dimensional borate 
framework, whose building block is the anhydrous pentaborate 
polyanion, (B;O,,.)°~, consisting of three (BO,)-tetrahedra and 
two (BO,)-triangles. Because all of the terminal oxygen corners 
are shared, the chemical composition of the borate framework 
is (B;O,)°~. The pentaborate polyanions form chains parallel 
to the c-axis by sharing tetrahedral corners with those be- 
longing to adjacent polyanions (Fig. 1). Within each chain, 
corners of two borate tetrahedra are pointed along -+a and +b 
directions, whereas corners of two borate triangles are pointed 
along —a and —6 directions; these corners are shared with 
four adjacent chains (Fig. 2), such that tetrahedral corners of 
one chain are shared with triangular corners of the other. An 
open borate framework is created this way, which has channels 
(diameter ~ 5.2 A) parallel to the a- and c- axes. The water 
molecules and the chlorine atoms occur within the channels, 





Fig. 1 The pentaborate polyanion chain in hilgardite parallel to 
the c-axis. A similar chain exists in parahilgardite. 


whereas the calcium atoms occur at the edge of the channels 
running parallel to the c-axis. The crystal structure of para- 
hilgardite is very similar to that of hilgardite, consisting of an 
open borate framework, formed of three crystallographically 
independent pentaborate units, where the calcium and chlorine 
atoms occur within open channels. Thus, hilgardite and para- 
hilgardite are zeolite type phases. To our knowledge, this is the 
first report of borate zeolites. Ion-exchange experiments on 
these two minerals are in progress. 
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Fig. 2 The pentaborate framework structure 
of hilgardite projected down the c-axis, showing 
open channels (diameter 5.2 A) parallel to c. 
Note that the chlorine atoms and water 
molecules occur within these channels. 


We thank Dr Joan R. Clark, U.S. Geological Survey, Menlo 
Park, California, for the donation of hilgardite and para- 
hilgardite crystals and for discussions. This research was 
supported in part by the NSF (grant EAR : 76-13373). 


SUBRATA GHOSE 
CHE’NG WAN 
Department of Geological Sciences, 
University of Washington, 
Seattle, Washington 98195 


Received 20 July; accepted 5 August 1977. 


i Hurlbut, Jr, C. S. & Taylor, R. E. Am. Miner. 22, 1052-1057( 1937). 
2 Hurlbut, Jr, C. 5. Am. Miner. 23, 765-771 (1938). 
3 Braitsch, O. Beiträge Miner. Petrogr. 6, 233-247 (1959). 





Responses of a benthic marine 
invertebrate to y-irradiated sediment 


THERE seems to be little information on the influence of high 
radiation levels on marine sediments and their subsequent re- 
colonisation by sedimentary invertebrates. We report here that 
the benthic amphipod Corophium volutator (Pallas) responds to 
irradiated sediments in which there have been changes of EA and 
microbial viability. Our results are of direct relevance to the 
microbiological and chemical properties of sediments! 3, and to 
the role played by microorganisms in habitat selection by benthic 
invertebrates* +}, 

The first series of experiments (Table 1) demonstrates be- 
havioural responses of C. volutator to irradiated compared with 
autoclaved and untreated sediments. Mud sediments were col- 
lected intertidally from the Clyde Estuary and wet-sieved through 
a 750-um sieve to remove large particles. Batches of sediment were 
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then divided into three parts. One part was the untreated control. 
The second was autoclaved at 121°C for 30 min and the third was 
exposed to y irradiation for 18 h, giving a dose of 6 Mrad (cobalt 
source, Scottish Research and Reactor Centre, East Kilbride). 
Precautions were taken to ensure even irradiation and samples 
were immersed in a large water bath to prevent heating effects 
during irradiation. 

Behavioural experiments were conducted with C. volutator in 
which animals were offered a choice of two sediments using 
standard techniques*. Animals preferred control to irradiated 
sediment and control to autoclaved sediment (Table 1). When 
autoclaved sediment was tested against irradiated, however, 
animals markedly preferred the autoclaved. This result was 
unexpected and led us to measure the physical and chemical 
properties of the autoclaved and irradiated sediments, to establish 
any differences between them. The most clearly defined difference 
was in redox potential. On replicate measurements the redox 
potential of the autoclaved sediment was — 110 to — 130 mV and 
of the irradiated sediment was — 550 to — 590 mV. Control 
sediments had an Eh of —50 to ~65 mV. 

We then investigated the relationship between increasing ir- 
radiation and EA; heterotrophic bacterial counts were also taken 
(surface counts on Difco marine agar). The result (Fig. 1) show 
that the heterotrophic bacteria decreased from 2 x 107 cells per g 
dry weight in the unirradiated sediment to less than | x 10° cells 
per g dry weight in the sediments irradiated with 0.5 Mrad or 
more. On the other hand Eh remained constant to 1.5 Mrad, and 
then declined to very low values of — 500 to —600 mV at 4 to 6 
Mrad. The difference in the shape of the two curves ajlowed us to 
select irradiation treatments of 0.8 Mrad and 5.4 Mrad which 
would give sediments of normal Ef (about — 100 mV) and very 
low Eh (about — 600 mV), respectively, while both would be 
virtually sterile (less than 10 cells per g). These two irradiation 
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Table 1 Preferences of C. volutator for control, irradiated and 
autoclaved sediments 
Expt “ animals in Total no. 
control autoclaved animals 
sediment sediment burrowed 
(1) 66 34 85 
` animals in Total no. 
control irradiated animals 
sediment sediment burrowed 
(2) 78 22 87 
“c animals in Total no. 
autoclaved irradiated animals 
sediment sediment burrowed 
(3) 71 29 45 





Each experiment was run in triplicate using three choice dishes’. 
Between 28 and 35 animals were added to each dish. Experiments were run 
for th. In each experiment, y? was applied to the numbers of preferring the 
two choices in the three dishes, in a 2 x 3 contingency test, The 7* values 
for all three experiments were not significant, showing that within each 
experiment the results were homogeneous. The result from the three 
dishes in each experiment were therefore summed to give the data in the 
table. z? was then applied to the numbers burrowed in the two choices in 
each experiment, and was significant: experiment 1, 7? = 8.58, 1 df, 
0.008 > P > 0.001; experiment 2, z? = 27.60, 1 d.f. P < 0.001; experi- 
ment 3, 7? = 8.02, 1 d.f. 0.005 > P > 0.001. The number of animals not 
burrowed at the end of the experiment was small in experiment! and 2 (10 
and 4" respectively), but larger in experiment 3 (35%) which is accounted 


Q 


for by the relative unsuitability of both autoclaved and irradiated 
sediments as assessed by experiments | and 2. 


levels, which are marked with broad arrows in Fig. 1, were chosen 
for further experiments. 

The behavioural response of C. volutator to 0.8-Mrad, 5.4- 
Mrad and control sediments was assessed (Table 2). Corophium 
could not distinguish between the control and the 0.8-Mrad 
sediments, but clearly preferred the 0.8-Mrad to the 5.4-Mrad 
sediment, and the control to the 5.4-Mrad sediment. The lack of 
difference between the control and 0.8-Mrad sediments shows 
that the absence of viable bacteria does not reduce the attractive- 
ness of the sediments: in other words, C. volutator cannot 
distinguish between living and dead microorganisms. The marked 
avoidance by animals of the 5.4-Mrad sediments when compared 
with the 0.8-Mrad sediment or the control proves that animals 
avoid very low Eh values or some other associated change that 
occurs at high irradiation levels. 

We believe that our results are relevant to the role played by 
microorganisms in habitat selection by benthic invertebrates’. 





Table 2 Preferences of C. volutator for control, 0.8-Mrad and 5.4- 
Mrad sediments 





Expt “> animals in Total no. 
control 0.8-Mrad animals 
sediment sediment burrowed 
(1) 53 47 93 
% animals in Total no. 
control 5.4-Mrad animals 
sediment sediment burrowed 
(2) 9? 8 99 


w animals in Total no. 


0.8-Mrad 5.4-Mrad animals 
sediment sediment burrowed 
(3) 81 19 97 





Each experiment was run in triplicate using three dishes*. Between 30 
and 40 animals were added to each dish. Experiments were run for Ih, 7? 
showed that the triplicate results were homogeneous and so the results for 
each experiment were summed to give the data in Table 2 (see legend to 
Table 1 for statistical details). 7? applied to the number of animals 
burrowing in the two choices in each experiment was not significant in 
experimeat | (z? = 0.27, 1 d.f. 0.7 > P > 0.5) but highly significant in 
experiments 2 and 3 (experiment 2, z? = 69.59, 1 df P < 0.001; 
experiment 3, z? = 38.36, I d.f. P < 0.001). In all three experiments very 
few animals had not burrowed by the end of the experiment (0-3%,). 
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Irradiation dosage (Mrad) 
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Fig. 1 Sediment heterotrophic bacteria (@) and redox potential 
(MB) in relation to irradiation dosage. The two broad arrows relate to 
the irradiation levels used in Table 2 (see text). 


<N 0.80 Mrad 


Most authors have stressed the importance of microorganisms as 
stimulus to sediment recognition, but their deductions have been 
based on the use of drastic physical and chemical treatments 
which alter the overall physico-chemical characteristics of 
sediments?. The lower of the two levels of irradiation used by us 
(0.8 Mrad, Fig. 1) does not seem to alter these characteristics 
but kills sediment microorganisms. Our findings show that in 
these circumstances C. volutator does not distinguish between 
living and dead cells (Table 2). We therefore conclude that the 
viability of sediment microorganisms may be of little significance 
in habitat selection and that their role lies in their effect on the 
chemical and physical properties of the sediment. 

We thank Mr Izatt, Scottish Research and Reactor Centre, for 
help and advice. This study was supported by a grant from 
NERC. 
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Diversity of bacterial | 
populations in the Beaufort Sea 


BIOLOGICAL communities usually contain few species with many 
individuals and many species with few individuals’. Diversity of 
higher organisms generally has been found to decrease with 
increasing population size!. Communities in physically stressed 
ecosystems, such as in polar regions, characteristically have low 
species diversity*?. Diversity indices have been used to express 
species diversity in plant and animal communities, especially as a 
measure of stress on community structure*. Amongst microor- 
ganisms, diversity indices have been applied to microscopic 
phytoplankton populations? *, but not to bacterial populations. 
Bacterial populations, however, show large variations in species 
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Fig. 1 Sampling sites in the Beaufort Sea and 
bacterial diversity indices during summer and 


winter in ice, water and sediment at these sites. v 
Closed symbols, populations isolated at 4°C, = 
open symbols, populations isolated at 20 °C. 
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diversity. For example, infections are dominated by one or a few 
species, whereas many bacterial species are found in an ecosystem 
such as soil’. We report here the application of taxonomic 
diversity indices to bacterial populations and a study of the 
relationship of the diversity indices of such populations to 
population size and to population-independent factors such as 
geographic location. 

It is difficult to define bacterial species and identify them in 
natural ecosystems. Unlike plants and animals, including even 
microscopic protozoa and algae, it is not possible to identify 
bacterial species by visual observation alone. We used numerical 
taxonomic procedures to define phenotypic clusters of bacteria, 
which we considered functionally equivalent to species. These 
clusters were used to calculate the species diversity of bacterial 
populations in nearshore areas of the Beaufort Sea. 
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Water and sediment samples were collected during late sum- 
mer (August-September) 1975 and 1976 and late winter 
(March-April) 1976 at various sites in the western Beaufort Sea 
(Fig. 1). During winter, ice samples also were collected. Average 
surface water temperatures were about +1 °C in summer and 
~1.8°C in winter. Samples were maintained at 4°C during 
processing. Viable heterotrophic bacterial populations were en- 
umerated by plating serial dilutions on marine agar 2216 (Difco). 
Duplicate series of plates were incubated at 4 °C for enumeration 
and isolation of psychrophilic-psychrotrophic populations, and 
at 20 “C for mesophilic populations. Details of these enumeration 
studies will be reported separately. E 

All of the bacterial colonies on the countable plates were 
isolated in pure culture. Bacterial isolates, 20-25 per sample, were 
selected at random for characterisation. Approximately 300 
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features were determined for each isolate, including morphologi- 
cal, physiological, biochemical and nutritional characteristics. 
The Jaccard coefficient (S)) and single linkage cluster analyses 
were used to sort the bacteria according to phenotypic similarity®. 
Strains related at greater than 70%% similarity were considered to 
constitute a taxonomic grouping. Known strains of bacteria, 
included as controls, were separated into species at this level using 
the same testing procedures. The number of taxonomic groups 
and the number of individuals in each group, determined by the 
cluster analyses, were used to calculate the Shannon diversity 
index, H(refs 7-10). The formula H =c/M( Nlogo N — An, log, or) 
was used, where c = 3.3219, N=total numbers of individuals and 
n, = total number of individuals in the ith taxonomic grouping. 


philic populations generally showed similar patterns of geo- 
graphic variation (Fig. 1). Almost all of the bacterial strains were 
psychrotrophic or psychrophilic, as is found in most cold marine 
water and sediment samples!'. Moving eastwards from Barrow 
towards Prudhoe Bay and northwards from Prudhoe Bay, bac- 
terial diversity in water decreased during both summers, but 
increased during winter. No regular pattern of diversity between 
sampling sites was found in sediment or ice samples. Population 
levels in water were higher during summer 1975 and lower during 
winter 1976 near Prudhoe Bay than near Barrow. During summer 
1976, populations were uniformly very high in all water samples. 
Bacterial diversity in surface waters was inversely related to 
population size only at population levels below 104 mI”! (Fig. 2). 
During summer 1976 when bacterial populations in water were 
above 10* ml!, no correlation between population size and 
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diversity was found. During summer, 1975, populations in water 


above 10* ml”! generally had diversities of less than 2: pop- 
were inversely related to population size. 

During winter when bacterial populations in water were 
generally below 104 ml”', bacterial diversity clearly increased 
with decreasing population size. At the lower population levels 
generally found in water in winter, bacterial diversity was high. 
But, when population levels were similar in water samples 
collected in summer and winter, diversity was always lower in the 
winter samples. We consider the observed seasonal temperature 
variation of about 2 °C insufficient to explain the observed 
differences in population size or diversity. Nutritional studies 
showed that these populations had extensive growth factor 
requirements. Presumably, these nutritional requirements are 
supplied by primary productivity of phytoplankton. Lack of light 
reaching the water during winter, thus may be a severe physical 
stress on the bacterial community, perhaps indirectly through 
phytoplankton productivity. 

Compared with summer samples, a lower percentage of the 
strains isolated at 4 “C from winter water samples, was capable of 
growth at 20 C. Selective pressure on mesophiles may account 
for differences in diversity between populations isolated at 4 and 
20 “C during winter. 

In sediment, bacterial populations were generally greater than 
10* gt, regardless of sampling time. H for bacterial populations 
in sediment was approximately 4, regardless of population size or 
sampling time. No correlation between population size and 
diversity was found for bacterial populations in sediment. H for 


Summer 1976 


Ice 


Fig. 2 Relation of population size to 
bacterial diversity in ice, water and 
sediment. Closed symbols. pop- 
ulations isolated at 4 °C, open sym- 
bols, populations isolated at 20 C. 
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populations in sediment was generally higher than in water. 
Sediment populations are probably not subjected to the seasonal 
physical stress from temperature, salinity and light intensity 
changes as are water POpulOnS 

ea no eh ae nee and ie indey 
was found for populations from ice. This probably reflects the fact 
that bacteria are frozen into the ice matrix and survive but do not 
grow. Therefore, selection pressures are not operative in ice. 

In summary, numerical taxonomic testing of randomly selected 
bactertal strains can be readily used to calculate bacterial diver- 
sity. Bacterial diversity in Beaufort Sea water showed reciprocal 
geographic trends between summer and winter. While bacterial 
populations in water were generally lower during winter, as 
predicted. probably due to the physical stress, diversity at most 
sites remained as high as during summer. Bacterial populations 
up to a threshold population size showed an inverse relation 
between diversity and population size, as occurs in populations of 
higher organisms. Beyond the threshold size, the diversity index 
did not correlate with population size, Even above the threshold 
population size, though, the diversity index showed geographic 
differences in community structure for bacterial populations in 
Water. 

We thank T. Kaneko, E. Krichevsky and C. Short for technical 
assistance. The clustering program used was GTP2, provided by 
Dr R. R. Colwell, University of Maryland. This work was 
supported by the National Oceanic and Atmospheric Adminis- 
tration, Outer Continental Shelf Energy Assessment Program 
with Bureau of Land Management funds. 
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Dosage compensation for an X-linked 
gene in pre-implantation mouse embryos 


THERE is strong evidence that one of the two X chromo- 
somes is inactive in somatic cells of adult female mammals, 
so that the effective gene dosage per cell for X-linked loci 
is the same in XX females as in XY males or XO females. 
This system of dosage compensation is thought to be estab- 
lished soon after implantation'—-certainly both X chromo- 
somes seem to be potentially active in the blastocyst’. To 
test for dosage compensation before implantation one can 
study the activity of an X-chromosome-coded enzyme that 
is synthesised during pre-implantation development, as a 
result of de novo transcription, in male and female em- 
bryos. Two such enzymes are considered to be hypoxan- 
thine phosphoribosyl transferase (HGPRT EC 2.4.2.8) and 
a-galactosidase’’*. Epstein’ found that groups of unfertilised 
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eggs from XX mothers had twice the HGPRT activity 
found in those from XO mothers, indicating that both 
X chromosomes are functional during oogenesis’*. By the 
morula and blastocyst stage, HGPRT activities had in- 
creased strikingly and the twofold difference had disap- 
peared, implying that the enzyme present was no longer 
maternal in origin. Because pooled male and female em- 
bryos were assayed it was impossible to determine whether 
dosage compensation was occurring. Adler et al.* measured 
a-galactosidase activity in single pre-implantation embryos, 
expecting that the presence of both female and male 
embryos would give rise to either a bimodal or a unimodal 
distribution of activities in the absence, or presence, respec- 
tively, of dosage compensation. The assay was insufficiently 
precise to give unequivocal results. We have now developed 
a single-embryo assay for HGPRT of sufficient precision to 
establish that the distribution of activities in single embryos, 
half of which we expect to be XX and half XY, is unimodal 
at both the eight-cell and the blastocyst stage. We conclude 
that dosage compensation occurs during pre-implantation 
development. 

For single-embryo assays, where variation in the recovery 
of cytoplasmic contents would be expected to contribute 
substantially to the variance of the activity measurements, 
increased accuracy is achieved by the simultaneous 
measurement of activities of HGPRT and of an autosomal 
enzyme (adenine phospho-ribosyl transferase, EC 2.4.2.7) 
in the same reaction mixture. The results are expressed 
as a ratio of HGPRT: APRT activities in the individual 
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Fig. 1 Assays of HGPRT were carried out on batches of five 
to 10 unfertilised eggs from XX and XO (hatched squares) 
females (genotypes Ta/+ and +/O). Superovulation was in- 
duced by intraperitoneal injection of 7.51U of pregnant mare 
serum and 48 h later, 7.5 IU of human chorionic gonadotrophin. 
Eggs were isolated from the oviducts on the next morning, 
cumulus cells were removed with hyaluronidase and the eggs 
were washed carefully several times. The media used for collec- 
tion of eggs and embryos (Figs 2 and 3) and the methods of 
isolation are described in ref. 8, The batches of eggs were trans- 
ferred in less than 5 ul of PBI medium into individual microcaps 
and extracts were prepared by freeze-thawing in liquid nitrogen 
three times, followed by centrifugation at 2.000 r.p.m. for 10 
min, The supernatants were added to 50 ul volumes of reaction 
mixture. Reaction mixtures contained (final concentration) 
35 mM sodium phosphate buffer (pH 7.4), 5mM magnesium 
chioride,2 mM phasphoribosy! pyrophosphate, fO uM °H-guanine 
(specific activity 0.084 Ci mmol) and 10 uM 'C-adenine 
(specific activity 58 mCi mmol~'). The reactions were carried 
out at 37°C for 3 h and stopped by addition of | ml of 0.1M 
ice-cold lanthanum chloride containing | mM adenine and | mM 
guanine. Extracts from 25 batches of XX eggs and 24 batches of 
XO eggs were assayed individually: the mean activities of 
HGPRT (pmol per egg per h ¢ s.e.) were 0.383 + 0.0Q! and 
0.164 + 0.002, respectively. The mean activities of APRT (pmol 
per egg per h + s.e.) were 0.17 +0.01 and 0.21-0.01 for XX 
and xO eggs, respectively (data not shown). 
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embryo. The simultaneous assay of the two enzymes is 
based on the conversion by cell-free extracts of *H-guanine 
and “C-adenine to their respective monophosphates*®. These 
are precipitated with lanthanum chloride and collected on 
filters, and the ratio of the two isotopes is determined. 

To establish the validity of our assay system we first 
measured HGPRT activity in groups of unfertilised eggs 
from XX and XO females and confirmed Epstein’s findings’ 


Fig. 3a, Ratios of ac- 
tivities of HGPRT to 
APRT in 67 single blasto- 
cysts isolated from the 
uteri of MF1 females on 
the fourth day of preg- 
nancy, Each square repre- 
sents the ratio obtained 
for a separate blasto- 
cyst. Individual blasto- 
cysts were isolated into 
microcaps. The prepara- 
tion of extracts and the 
assay procedure are des- 
cribed in the legend to 
Fig. 1. Assays were 
carried out at 37°C for 
2 h. The data from two 
separate experiments are 
pooled. The mean 
HGPRT and APRT 
activities (pmol per em- 
bryo per h + s.e.) were 
13.269 + 0.367 and 
0.822 + 0.021, respec- 
tively. The inset shows 
that both enzyme reac- 
tions are linear in blasto- 
cyst extracts for at least 
2 h (the specific activity 
of the *"H-guanine in this 
timed expesiment was 
8.4 Ci mmol ~! instead of 
0.084 Ci fhmol~. b, Acti- 
vities of HGPRT in 
single blastocysts. 
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Fig. 2a, Ratio of activities 
of HGPRT to APRT in 
62 single eight-cell 
embryos isolated from 
oviducts from MFI 
females (Olac 1976 Ltd) 
on the third day of preg- 
nancy. Each square repre- 
sents the ratio obtained 
for a separate eight-cell 
embryo. Individual em- 
bryos were isolated into 
microcaps. The prepara- 
tion of embryo extracts 
and the assay procedure 
are described in the 
legend to Fig. 1. Assays 
were carried out at 37 °C 
for 4 h. Data from two 
experiments are pooled. 
The mean HGPRT and 
ces APRT activities (pmol 
ha per h per embryo + s.e.) 
were 4.697 -+ 0.172 and 
= 0.346 -+ 0.013, respec- 
tively. The inset figure 
shows both enzyme re- 
actions to be linear in 
eight-cell embryos for at 
least 5 h. b, Activities of 
HGPRT in single eight- 
cell embryos. 
HGPRT (pmol h~') 


of an approximate twofold difference (Fig. 1), whereas 
the activity of APRT was nearly the same (see legend to 
Fig. 1). As further controls, we assayed extracts of cell 
lines lacking HGPRT (for example, an HGPRT-deficient 
derivative of PSA4’); these gave no incorporation of °H- 
guanine into precipitable product, though high APRT levels 
were found. Also, the omission of the substrate, phospho- 
ribosyl pyrophosphate (PRPP) from the single-embryo 
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assays inhibited both enzymatic reactions. Such factors as 
breakdown of substrates, nucleotide pool sizes and enzymes 
which may destroy the nucleotide products, may well vary 
between stages of development, but would not be expected 
to differ between female and male embryos at a comparable 
stage. 

The results for a series of single eight-cell embryos and 
single blastocysts are given in Figs 2 and 3. The variances of 
the distributions are relatively small, and are not consistent 
with a bimodal distribution, corresponding to two popula- 
tions of equal size with modes differing by a factor of two. 
Even the distributions for HGPRT activities alone (Figs 2b 
and 3b) are not consistent with such a model. The mean 
levels of activity are in good agreement with those obtained 
by Epstein” using another assay on groups of embryos. At 
the eight-cell stage, the earliest stage at which single- 
embryo assays are practicable, the activity levels are low, 
and may merely reflect the levels of maternal MRNA. By 
the blastocyst stage, however, activity levels are 30-fold 
higher than at fertilisation and embryonic gene action at 
the HGPRT locus is established by Epstein’s work’. We 
therefore conclude that some form of dosage compensation 
operates in most, if not all, cells of the pre-implantation 
blastocyst. The trophectoderm constitutes most of the cells 
of the blastocyst but further analysis is required to establish 
whether dosage compensation operates within the cells of 
the inner cell mass as well as in those of the trophectoderm. 

We thank Sue Povey and Dallas Swallow for help with 
biochemical problems, Mary Lyon for XO mice and Anne 
McLaren and Mary Harper for helpful discussions. 
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Development to term of 
chimaeras between diploid 
parthenogenetic and fertilised embryos 


PARTHENOGENETIC mouse embryos have the potential for 
extensive cellular proliferation as well as differentiation 
into various cell types’*. But this potential has been 
realised only when parthenogenetic embryos have been 
transferred to extrauterine sites’, and in spontaneously 
occurring ovarian teratomas and teratocarcinomas of par- 
thenogenetic origin’*. The development of mammalian 
parthenogenetic embryos in utero is restricted, with no con- 
clusive evidence that they can develop to term‘. Several 
© hypotheses have been proposed to account for their poor 
development. For example, deleterious recessive genes may 
affect the viability of their cells, possibly because of their 
extensive homozygosity’*, or disorganised growth and 
limited life span may result from anomalies of cellular 
interactions’. But the extensive cellular proliferation and 
differentiation of parthenogenetically derived cells which 
occurs in extrauterine sites is not entirely consistent with 
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these explanations, and indicates that parthenogenones 
probably have a relatively stable genetic constitution. 
Indeed, these studies stress the likely importance of cellular 
environment for cytodifferentiation, provided in this in- 
stance by the extrauterine host tissue. There is a precedent 
for supposing that if the environment is critical for cyto- 
differentiation, parthenogenetic cells should be able to form 
chimaeras with cells derived from fertilised embryos‘. 
Teratocarcinoma cells’*’ and cells carrying known lethal 
alleles’’*’ can develop into viable chimaeras when ag- 
gregated with cells from normal embryos. Previous attempts 
to achieve development to term of aggregation chimaeras 
between parthenogenetic and fertilised embryos were 
apparently unsuccessful. We have introduced inner cell 
masses (ICMs) from diploid parthenogenetic embryos into 
intact fertilised mouse blastocysts, and we report here the 
development of a chimaera to term. 

Mouse oocytes isolated 18h after injection of human 
chorionic gonadotrophin for superovulation from (CS57BL x 
CBA) F; females were activated in vitro in medium lacking 
Ca’* and Mg** salts", and the diploid parthenogenetic 
embryos allowed to develop to the blastocyst stage in 
culture’. Of 397 activated eggs 37 (14%) had one pronucleus 
and the second polar body; 160 (60.6%) had two pronuclei 
without the second polar body; eight (3%) had one pro- 
nucleus without the second polar body, and 59 (22.3%) 
went into immediate cleavage. The overall activation 
frequency was 66.5%. The embryos were homozygous for 
the isozyme of glucose phosphate isomerase (GPD, 
Gpi-i’/Gpi-/® and carried coat colour and eye colour 
genes of the C57BL and CBA strains. Of the 160 activated 
eggs with two pronuclei without the second polar body, 
81 (50.6%) reached the blastocyst stage. We obtained 
43 1CMs from the blastocysts and were able to transfer 20 
to recipient blastocysts. [CMs were isolated by a technique 
involving exposure of blastocysts to the calcium ionophore 
A23187. The parthenogenetic blastocysts were exposed to 
A23187 at the final concentration of 2x10°°M for 
20-30 min. This caused selective lysis of trophectoderm 
cells, leaving the ICM cells intact (M.A.H.S., D. Torchiana 
and S.C.B., in preparation). Individual ICMs were intro- 
duced microsurgically’ into blastocysts on the 4th day of 
pregnancy obtained by matings of G pi-/*/G pi-/* albino 
CFLP random-bred mice (Anglia Laboratory Animals Ltd). 
After 3-4h culture at 37°C, blastocysts were transferred 
to the uterus of d3 pseudopregnant CFLP mice previously 
mated to proven sterile vasectomised males (the day when 
vaginal plug was found was dl of pseudopregnancy). Four 
blastocysts were transfcrred to each of the five recipients. 

One female examined on d9 of pregnancy contained four 
implantation sites. Four apparently normal early somite 
embryos were recovered. The embryos and their respective 
ectoplacental cones were separately typed for GPI". All four 
embryos were chimaeric, whereas the ectoplacental cones 
only contained the Gpi-/* isozyme band. Two embryos 
probably contained 40-50% contribution from partheno- 
genetic cells, whereas the other two contained between 5 
and 30% contribution from parthenogenetic cells. This assess- 
ment was made subjectively from the intensity of staining 
Gpi-l" and Gpt-/* isozyme bands (Table 2). The other four 
females were autopsied on d19 of pregnancy. Three of them 
were not pregnant, having no evidence of implantation 
sites. One female contained two embryos (Fig. 1a). The 
smaller embryo was dead, although morphologically an 
apparently normal male. This embryo showed pigmentation 
of the sclera and iris and had probably survived up to 
diS~-17 of pregnancy. The larger embryo was alive at 
autopsy, and initiated spontaneous respiratory Movements. 
Attempts were made to foster the foetus, but it was un- 
fortunately not accepted by the foster mother. Anatomical 
examination of this embryo showed it to be an apparently 
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normal female. The eyes were dissected out and showed 
pigmentation of the choroid (Fig. 1b) and iris, as well as the 
retina. All major organs from the two embryos were typed 
for GPI and found to be chimaeric. Between 40 and 50% 
of the cells in the smaller, dead embryo were of partheno- 
genetic origin, while in the live embryo the contribution 
was considerably smaller, being in the region of 10-25% 
(Table 1). 
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Fig. 1 a, Chimaeric embryos isola- 
ted from dl9 pregnant female. 
The larger embryo was alive at 
autopsy and was an apparently 
normal female. The smaller embryo 
was dead and had probably deve- 
loped until d15-17 of pregnancy 
and was an apparently normal 
male. b, An eye dissected from the 
larger embryo showing pigmenta- 
tion of the choroid. The iris and 
retina were also pigmented. 


15,16 


function normally’’''*. Similar cellular interactions between 
parthenogenetic and normal fertilised cells may also ensure 
cooperation of parthenogenetic cells in normal development. 

These results suggest that it should be possible to obtain 
mature adult chimaeras. This would enable us to examine 
whether the parthenogenetically derived cells are fully dif- 
ferentiated in these chimaeras, and to examine whether 
they contribute to the normal functioning of all tissues and 
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Table 1 The contribution made by parthenogenetic cells in chimaeras assessed from GPI typing 





Em- Dayof Descrip- 
bryo preg- tion 
no. nancy of Embryo Ecto- Blood Liver 
at embryos (exclud- placental 
autopsy ing cone 
mem- 
branes) 
l d9 10-15 somite 40 ND — - 
stage 
2 g - 5 ND — 
3 a 50 ND — — 
4 š ii 30 ND — — 
5 di9 d15-17, — — NE NE 
male dead 
6 di9 d19, female — 25 10 


live 


Lung 





Tissues examined for parthenogenetic cells (%)* 


Brain Heart Gonad Kidney Amnion Eye Carcass 
NE NE 40 NE NE 50 50 
10 10 15 10 15 15 1S 


et LLL LLL ee eeEeEe———— 


ND. not detected; NE, not examined, tissue unsuitable. 


*Values represent subjective assessment from GPI analysis based on the time of appearance of the Gpi—/* and Gpi-—/” bands and the relative 


intensities of the two bands", 


These results demonstrate that cells from diploid par- 
thenogenones, in addition to their potential for proliferating 
and differentiating in ectopic sites, can participate with cells 
from fertilised embryos in the development to term of an 
apparently normal chimaeric embryo. We tentatively sug- 
gest that a large number of such chimaeras may be able 
to develop to term when the parthenogenetic contribution 
is probably not more than 20%, of the total cell population 
in the individual tissues and organs. The survival and in- 
tegration of parthenogenetic cells in such chimaeras is 
probably largely influenced by the environmental conditions 
determined by the cells from the fertilised embryo, in 
contrast to the extensive but haphazard cell growth and 
differentiation which occurs when parthenogenetic and fer- 
tilised embryos are transferred to ectopic sites’. The exact 
nature of this environmental influence remains unclear, but 
there are several probable ways in which such influences 
may be mediated. For example, exposed sites at the cell 
surface and/or secreted molecules may compensate for any 
deficiencies in parthenogenetic cells, permitting their nor- 
mal development and differentiation. This type of influence 
may be inVolved in the ‘rescue’ of androgen-resistant germ 
cells’. e There is evidence for metabolic cooperation 
between genetically diverse cell types through permeable 
junctions which enables metabolically deficient cells to 


organs including the germ cells. This study also demon- 
strates that the presence of a genetic or extragenetic con- 
tribution from the male may not be a prerequisite for the 
normal development and differentiation of mammalian 
cells. Experiments are in progress to establish the differ- 
entiation potential of both haploid and diploid parth- 
ogenetic cells. 

We thank Andrea Burling for technical assistance, Dr 
R. L. Hamil, Eli Lilly Co. for A23187 and Dr Miklos P. 
Salgo for helpful suggestions. The work was supported by 
a grant from the Ford Foundation. M.A.H.S. is supported 
by an MRC project grant. 

Note added in proof: One apparently normal chimaeric 
male which is now 4-weeks-old, has been obtained after 
further transfers of six operated blastocysts. Similar 
chimaeras have recently been reported by Stevens er al.”. 
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Amiloride-sensitive rheogenic 
Na‘ transport in rabbit blastocyst 


FLUID and solutes accumulate in the blastocyst just before 
implantation by transport mechanisms associated with the 
trophectoderm'’°. This structure is a simple squamous epi- 
thelium that surrounds the embryo, and it is the first tissue to 
develop in the mammalian embryo*. We describe here elec- 
trophysiological experiments which demonstrate changes in trans- 


port functions of this epithelium in the rabbit a few hours before. 


the expected time of implantation. At this time fluid is accumulat- 
ing rapidly in the blastocoele’. The following results show that 
between 6 and 7-d post-coitum (p.c.) a transtrophectodermal, 
rheogenic, amiloride-sensitive Na” transport system develops. 
The term ‘rheogenic’ characterises non-neutral or current- 
generating transport process, as opposed to the term ‘elec- 
trogenic’ which is more general and characterises any process 
(diffusion potentials, electrokinetic phenomena, and/or rheogenic 
transport) which results in a change in potential across an 
epithelium?, 

The electrical potential difference between the blastocoele 
cavity and the external medium, the transtrophectodermal poten- 
tial difference (A F,) was measured in 4-, 5-, 6- and 7-d p.c. rabbit 
embryos. The electrophysiological techniques used to make the 
measurements were the same as those used in studies on the 
oocyte’, and the methods of obtaining and culturing the rabbit 
embryos were the same as used in former studies*. The measure- 
ments were made while the blastocysts were maintained at 37 C 
on the heated stage of a microscope with continuous monitoring 
of the pH. The AF, did not change between pH 7.4 and 7.6 and the 
media were maintained between these values. The embryos were 
incubated in a modified F10 medium!" that consisted of Ham's 
F10 medium (Microbiological Associates) buffered with 0.02 M 
HEPES (Calbiochem) containing 20°, foetal calf serum and 
adjusted to pH 7.4 with | N NaOH. As shown tn Fig. | there ts a 
large change in the AF, between 4 and 7 d p.c. with most of the 
change occurring between 6.0 and 6.5 d p.c. 

The membrane potential of the trophoblast cells which sur- 
round the blastocoele was also measured. Because these cells are 
extremely thin it proved difficult to obtain long term penetrations 
(> | min). But the data from 30 trophoblast cells from eight $-d 
blastocysts and 5} trophoblast cells from 15 6-7-d blastocysts 
demonstrate a significant change in electrical potential from 
~= 34.0 t4 to ~46.7+3.1 mV. The basis for this change has not 
been examined, 

The effect of the two extracellular coats on AV’, was examined. 
The mucin coat, which ts found on the 4-d p.c. blastocyst, caused 
no alteration of potential when the microelectrode was placed 
inside it, but outside the trophoblast layer, The zona pellucida was 
likewise found to have no effect. It was removed from the 5- and 
6-d p.c. embryo by Pronase (0.25%) without causing change in 
the AF’. 

The results obtained on the AF, are at variance with those 
reported by Cross and Brinster for the 5-, 6- and 7-d p.c. rabbit 
blastocyst measured in vitro in Kreb’s Ringer bicarbonate with 


Biastocoele potential (AV) 
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Fig. 1 

tial difference (AM,) measured in freshly collected rabbit blastocysts 

on days 4, 5,6and 7 p.e. The AF, were measured at 37 C in modified 

FIO medium supplemented with 20°, foetal calf serum. The pH of 
the medium was 7.4, 


Developmental changes in the transtrophectoderma! poten- 


glucose (KRBG)(~—7.6 mV, —11.9 mV, —2.5 mV, respectively, 
blastocoele negative with respect to the medium) and for the 6-d 
p.e. blastocyst (— 6.0 mV) in Eagle's medium with 202, foetal calf 
serum’. Our measurements show that the AP, in 4 and 5-d p.c. 
blastocysts is negative (—3.14mV and — 4.38 mV), but by 6.5-d 
pc. the AF, risesto + 14.5 mV and at 7 d reaches +21 mV (Table 
l). This change in polarity is found both in embryos cultured in 
ritro from day 5 and those allowed to remain in the uterus until 
day 6. Measurements were not attempted beyond day 7, the 
normal time for implantation, as the blastocysts become very 
fragile in culture beyond that stage. 

In order to resolve the discrepancy with Cross and Brinster’s 
results the effect of different media on the measured potential was 
examined, Medium FIO with 20°. foetal calf serum for rabbit 
embryo culture was used routinely as it has been shown to be 
more effective than KRBG for long term culture”’'’. Cross and 
Brinster measured the AF, throughout development in KRBG, 
but, as shown in Table 1, this does not account fully for the 
difference in measured values. We do find a significant reduction, 
however, in the AF, of 6.5-d p.c. blastocysts when they are moved 
from F10 to KRBG. This reduction may relate to a reduction of 
energy available for ion transport, in Na“ coupled amino acid or 
carbohydrate transport, or an alteration in membrane ion per- 
meability. The data suggest that studies on blastocyst transport 
should be performed on identical age embryos to avoid de- 
velopmental changes which will make results ambiguous. 

The AV, was also measured in KRBG after various ton 
substitutions. On day 5 p.c. the A F, changes to a positive potential 
in Cl-depleted medium, whereas replacement of Na * with choline 
results in an increase in the AF, NaCl-free medium caused a 
reversal in polarity of the AF’. The response of the AF, is in the 
direction predicted by the electrochemical gradients for these 
ions“, and the results agree with those reported by Cross and 
Brinster'', On day 6.5 p.c. Na‘-free medium causes a larger 
decrease in the AF, Cl-depleted medium caused a slight increase 
in AP, but this increase was not statistically significant. 

Amiloride has been extensively used to analyse Na transport in 
epithelia!’ '* and it is presumed to act by blocking ‘passive Na 
entry into epithelial cells. No measureable effect of amilorife in the 
5-d blastocyst in concentrations up to | mM in KRBG has been 
found. But, the AF’, of 6.5-d p.c. blastocysts is amiloride-sensitive 
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Table 1 Transtrophectodermal potential difference of the rabbit 
blastocyst 
Age (d p.c.) 
Medium 4 5 6.5 7 
F10 ~3.14+0.77 —4.38 +0.68 +14.5+1.0 +210+0.8 
n=] n=8 n= 26 He 14 
KRBG ~3.8+0.8 +6.0+2.1 
n=]10 n=8 
Na” -free —9 1414.2 —15.24+3.2 
K RBG n=% n= 
Ci -free +6.67 41.0 +9,0 +2.3 
K RBG n=6 n=5 
NaCl-free +3.34+1.1 
K RBG n=6 
Amiloride in 
K RBG ~412+0.37 —3.254+0.65 —385+0.9 
(10 pM) n= 6 n= 8 fiz > 


hansen ane nA Attia a ae te TW 
The electrical potential of the blastocoele is given in mV positive or 
negative ( +s.e.m.) with respect to the bathing medium. KRBG contains 
the following solutes (mM): 119 NaCl, 4.74 KCI, 1.71 CaCl, 1.19 
KH,PH,, 1.19 MgSO,, .7H,O0, 25 NaHCO, and 5.55 glucose. In Na-free 
medium, NaCl was replaced with equimolar choline chloride and 
NaHCO, was replaced with choline bicarbonate. Na,SO, replaced NaCl, 
and K,SO, replaced KCI in Cl-depleted medium. In NaCl-free medium, 
choline methyl sulphate replaced NaCl and choline bicarbonate replaced 
NaHCO,. The osmolarities of the ionically substituted media were 
adjusted with sucrose, and the pHs were brought to 7.4. 


and can be reduced in a dose dependent fashion to approximately 
~3mV by raising the concentration of amiloride in the medium 
to 10 4M. The response of the 6-7-d p.c. embryo to amiloride is 
maximum at 10 4M, is directly proportional to the magnitude of 
the positive AV, and is immediate. These findings provide strong 
evidence that the increase in AV, seen between 5 and 7-d p.c. is the 
result of the onset of rheogenic Na * transport. This mechanism is, 
in all likelihood, responsible for the increase in blastocoele Na 
and Cl] which occurs during this periodë. and Cross!> obtained 
evidence suggesting that Na and Cl influxes into the 6-d p.c. rabbit 
blastocoele may be coupled to each other. This hypothesis is 
consistent with our results on the 4 and 5-d embryo, but not with 
the positive AV, that begins at 148 h p.c. 

The current generating mechanism reflects the movement of a 
charged species across a barrier which has electrical resistance. 
The potential generated across the epithelium is directly pro- 
portional to the resistance of the epithelium and the rate at which 
ions are actively moved across the barrier. The change in potential 
which is observed between 6 and 7d p.c. may, therefore, be 
caused by either an increase in the resistance of the trophectoderm 
or an increase in Na“ influx into the blastocoele, Cross!5 
calculated a resistance of 2,742 Q cm? for the 6-d blastocyst from 
short-circuit current measurements. Because of microelectrode 


7-d blastocyst a definitive statement about the mechanism(s) 
causing rheogenic Na* transport cannot be made. The acquis- 
ition of an amilofide-sensitive AV, that correlates in time with 
changes in the polarity and magnitude of the AV, is suggestive ofa 
developmental change in ionic transport mechanisms. Future 
studies will attempt to establish the relationship between the Na* 
transport process described here and the ouabain sensitive Na 
transport system located on the juxtacoelic surface of the rabbit 
trophecfoderm (J.D.B., R.M.B. and Lechene, C. P. unpublished). 

This work was supported by grants from the Rockefeller 
Foundation (RF-65040), the Ford Foundation ( 720-369) and the 
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See 
Divergence of metabolic activation 

systems for short-term mutagenesis assays 


PoLycycLic hydrocarbons such as benzo(a)pyrene (BP) are 
prevalent environmental contaminants? and are increasingly 
suspect as human carcinogens. They are routinely used as 
tumour agents in laboratory animals’ and in tissue culture 
assays’. These compounds are produced by the incomplete 
combustion of carbonaceous material such as fossil fuels 
used for transportation and industrial energy production. 
They are biologically inactive as parent compounds and 
require metabolic activation in tissue to produce a tumouri- 
genically active species of the molecule. Activation is 
accomplished through the drug  metabolising mono- 
oxygenase enzymes containing cytochrome P450 (refs 4-6), 
and activate the parent carcinogen to an intermediate 
epoxide’* which readily alkylates cellular macromolecules. 

Figure | shows a compilation of known BP metabolites and 
those in brackets which have not yet been isolated or suf- 
ficiently characterised. Epoxide intermediates (4,5-; 7,8-: 
9,10-) are further metabolised by microsomal epoxide 
hydrases to produce diol derivatives or undergo non-enzy- 
matic ring opening to produce phenols which are labile and 
form quinones as oxidation products. The metabolite 
profiles for benzo(a)pyrene in numerous species and tissues 
such as skin has not produced unique metabolites that are 
not present in resistant tissues. Quinones are formed both 
enzymatically and non-enzymatically, and their role in 
tumourigenesis remains uncertain. Therefore, susceptibility 
to tumorigenesis by these chemicals may be a function of 
metabolite kinetics since the rate of formation and removal 
of the activated carcinogenic species of benzo(a)pyrene may 
greatly influence the probability of the active molecules 
alkylating target site for carcinogenesis. There are at least 
three major enzymatic steps in this biochemical scheme— 
epoxidase, hydrase and transferase to water soluble conju- 
gates. Also there is considerable species variation within at 
least the first enzymatic reaction step’. Sims er al. showed 
that the 7,8-diol metabolite was remetabolised by the micro- 
somal oxygenases to a 7,8-diol-9,10-epoxide, and this 
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Fig. 1 Benzo(a)pyrene metabolites. Drawn structures represent 
isolated and characterised derivatives. 7,8-epox. and 9,10-epox. 
have been confirmed through isolation of their respective diols. 
Bracketed structures are possible metabolites. The 6-phenoxy 
radical is not stable, but readily seen by its electron-spin 
resonance signal??. 


6,12-Q, benzo(a)pyrene-6, i 2-dione 
1,6-Q, benzo(a)pyrene-!,6-dione 
3,6-Q, benzo(a)pyrene-3,6-dione 
1-OH, |-hydroxy-benzo(a)pyrene 


intermediate seems to be the major DNA binding metabo- 
lite along the pathway of benzo(a)pyrene metabolism". 

If the diol-epoxide intermediate is one of the necessary 
requisites for development of the malignantly trans- 
formed state, then it will be critically important to compare 
metabolite patterns in susceptible and resistant tissues, 
species and cells. This may help to explain the variance in 
biologic susceptibility to polycyclic hydrocarbons. As 
there is a marked quantitative variation between liver 
microsomal metabolism of rat, mouse and hamster there 
is the strong suggestion that short-term in vitro muta- 
genesis assays either bacterial? or mammalian cell'® which 
routinely add rat liver microsomal preparation for carcin- 
ogen activation may be producing mutagenesis data not 


Fig. 2 Rat liver microsome 
metabolism of benzo(a)pyrene. 
High-pressure liquid chroma- 
tography. Metabolite separ- 
ation was performed with a 
Chromatronix 3500 high-pres- 
sure liquid chromatograph 
(HPLC) fitted with a DuPont 
l-m ODS Permaphase col- 
umn. Elution was by reverse 
phase, using a methanol-water 
gradient and “C-derivatives as 
internal standards as pre- 
viously described??. Column 
pressure was 500 pounds per 
square inch and oven tempera- 
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3-OH, 3-hydroxy-benzo(a)pyrene 

6-OH, 6-hydroxy-benzo(a)pyrene 

7-OH, 7-hydroxy-benzo(a pyrene 

9-OH, 9-hydroxy-benzo(a)pyrene 
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4,5-diol, 4,5-dihydrodihydroxy-benzo(a@)pyrene 
7,8-diol, 7,8-dihydrodihydroxy-benzo(a)pyrene 


extrapolatable to other species, including man. To test this 
hypothesis, we have compared benzo(a)pyrene metabolism 
by liver microsomes, both rat and hamster, against metab- 
olism by hamster embryo cells and hamster embryo cell 
microsomes with the use of high-pressure liquid chroma- 
tography. 

To determine the uniformity of the metabolic pathway 
liver microsomes were prepared from male Sprague-Dawley 
rats weighing 125-150g and Golden Syrian hamsters 
(Charles River, Boston, MA) as previously described”. 


Hepatic monooxygenases were induced by ip. injection of 
Smg of methylcholanthrene in 0.5 ml of corn oil 40h 
before killing. 
hamster embryos" 


Primary cell cultures were prepared from 
and secondary cultures (8-10 10° cells 


BP 
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a 250-390 nm transmission filter. The gradient sweep time was 30 min. Fractions (0.2 ml) were collected and measured for radioactivity in a 
Searle Mark IHI scintillation counter using Aquasol (New England Nuclear, Boston, MA) as thecounting solution. Abbreviations as in Fig, | legend. 
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per 100mm dishx10 dishes) were incubated with *°H- 
benzo(a)pyrene for 24 h and the cells and medium extracted 
into ethyl acetate for metabolite analysis. The microsomal 
cell pellet (100,000g) was prepared by scraping the cells from 
the dishes and gently lysing in a Potter-Elvehjem homo- 
geniser in Tris-Cl buffer pH 7.5. Microsomes were suspended 
in Tris-sucrose buffer pH 7.5 and incubated for 30 min at 
37°C. The incubation contained in I ml: 15 mol Tris- 
chloride buffer pH7.5; 100nmol ‘“H-benzo(a)pyrene 
(specific activity 200mCimmol™) 0.35 umol NADPH; 
3 nmol MgCh, and 100 ug protein. Metabolism was halted 
by the addition of 1.0 ml acetone and the organic soluble 
metabolites from 10 incubations extracted into ethyl acetate 
for analysis by HPLC as previously described”, 

Figures 2-5 clearly show marked differences in the 
hydroxylated products formed between rodent liver micro- 
somes and intact or lysed cells. This profile variance suggests 
the monooxygenase system shows perturbation in the meta- 
bolic attack on different regions of the molecule. Rat (Fig. 
2) and hamster liver (Fig. 3) microsomes show metabolite 
patterns containing three diols (9,10-; 4,5-; 7,8-dihydro- 
dihydroxy-BP) three quinones (1,6-’ 3,6’ 6,12-BP quinone) 
and two phenols (9-OH; 3-OH-BP) using this chromato- 
graphy system. Liver contains the highest level of drug 
metabolising enzymes but is not a major target-site for 
polycyclic carcinogens. Hamster liver produces almost 
exclusively 4,5-diol while it forms a lesser component of rat 
liver metabolism. 


Fig. 4 Metabolism of *H-benzo(a)pyrene by hamster embryo cell 
microsomes. HPLC analysis of ethyl acetate extractable metabo- 
lites. Abbreviations as in Fig. 1 legend. 
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In contrast, microsomes from hamster cells (Fig. 4) 
either produce insignificant amounts or further metabolise 
diols and quinones while forming 9-hydroxy as the major 
metabolites with less amounts of 3-hydroxy. Conversely, BP 
metabolism in intact hamster cells (Fig. 5) reverses the 
metabolite pattern. The 9,10- and 7,8-diols are the major 
components with only trace amounts of phenols. It would 
seem intact cells produce predominantly precursor diols 
for formation of the highly reactive diol-epoxides. Disruption 
of the cells clearly alter metabolite ratios indicating a 
requirement for spatial orientation of the enzyme complex 
within the microsomal membrane. Also, intact cells contain 
the cytoplasmic conjugates that are important for removal 
of reactive tumorigenic and toxic intermediates to water 
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Fig. 5 Intact hamster embryo cell metabolism of °H- 
benzo(a)pyrene. HPLC analysis of ethyl acetate extractable 
metabolites. Abbreviations as in Fig. | legend. 


soluble excretion products’’”. The conjugating enzymes 
become diluted or lost during cell disruption and micro- 
some preparation. 

If activation of specific regions of the carcinogen molecule 
is more important for tumorigenesis than other regions 
of the molecule, then it is important that monooxygenase 
enzymes added to short-term in vitro mutagenesis assays 
reflect as closely as possible the enzyme activities in an 
in vivo situation. False positives or negatives which occur 
in bacterial assays may be simply a function of using a 
mammalian activation system to produce changes in bac- 
terial biochemistry. /n vitro assays utilising intact cell- 
feeder layers as activation systems for producing reactive 
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carcinogens for the test cell cultures seem to be the 
closest for in vivo comparisons ™ 

Species resistance and susceptibility may be determined by 
which activation pathway is followed. The route, once 
selected, may in turn decide the kinetics of formation and 
disappearance of the activated carcinogenic species of the 
molecule and dictate whether that given species is a signifi- 
cant risk to polycyclic hydrocarbon induced tumorigenesis, 
Research supported by the National Cancer Institute (Yol- 
CP-50200) and the Department of Energy under contract 
with Union Carbide Corporation. 
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Identification of non-proliferating 
cells in melanoma B16 tumour 


Tue detection of growth fraction and the characterisation 
of non-proliferating cells are extremely important in human 
tumour therapy t. Cytological criteria for individual 
objective discrimination in vivo between non-proliferating 
and proliferating cells with the same DNA content have 
not been previously available’. It has been shown recently, 
in vitro, that the transition from the non-proliferating to 
proliferating state (GO~-G1} of WI4-38 — cells-——human 
diploid fibroblasts---can be objectively characterised in 
the intact cell by flow microfluorimetry’ and geometric- 
densitometric texture analysis’. Similar differences in 
nuclear morphometry and chromatin conformation between 
proliferating GI and non-proliferating ‘GO+Q’ cells are 
reported here for the first time for tumour cells in vivo, 
by parallel utilisation of objective image analysis and 
multiparameter laser flow microfluorimetry, both correlated 
with autoradiography. 

The experimental details have been published else- 
where t. Basically, the BIG melanoma tumour was grown 
in the foot pad of C57 mice: a suspension of 3 . 10° tumour 
cells was grafted s.c. into the foot pad of a 3-month-old 
mouse and lOd later the tumour was excised, Triplicate 
smear P Na of tumour tissue were PEEN: saneh 
ip microscopic ddes was e o using a uaa 
720-D automated image analyser (Cambridge Corp, New 
York). 

The following parameters were measured, as previously 
described, for each nuclear image: integrated optical 
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density (IOD, proportional to DNA content), area, peri- 
meter, projection, form factor (area divided by the square 
of the perimeter), average optical density (IOD divided by 
area), and mean bound path (area divided by projection). 
Figure | shows a two-dimensional plot of about 100 
tumour nuclei. The ordinate corresponds to the integrated 
optical density while the abscissa gives the average optical 
density (Aar). The [OD histogram reveals a distribution 
typical of a logarithmically growing cell population with a 
large distinct peak, resembling cells with the same DNA 
content (G0+G1). On the abscissa the Aa; histogram of 
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Fig. 1 Scattergram of Feulgen-stained melanoma B16 nuclei in 
a smear preparation. The integrated optical density of each 
nucleus Is preemie over its average optical density (both in 
arb. units) + = I} cell, D = 2 cells, T = 3 cells, Q= 4,M = 5 
or larger. The rectangle hound by the dashed lines containing 
the GO+Q and GI cells. Fibroblasts contamination in our 
tumour cell suspension is less than 3%. The raw data were 
processed by various programs, loaded on a PDP11/40 com- 
puter®, for screening, purification, necessary statistics and 
computer display, as shown. Absorbance = optical density. 


the same cells, present in the LOD unimodal peak, shows 
instead a bimodal distribution with two clearly separated 
peaks. By a striking analogy with our previous findings in 
vitro using WI-38 cells’ (the chromatin in the GI cells is 
more dispersed than in GO confluent cells) we may sup- 
pose that the two peaks correspond respectively to the pro- 
liferating GI (dispersed chromatin) and non-proliferating 
GO (condensed chromatin) tumour cells. This would result 
in a growth fraction (number of all proliferating cells/total 
number of cells) of about 0.65. Without any further direct 
proof, however, our identification of ‘“GO+Q’ and GI cells, 
as inferred from the clustering of the data in two sub- 
populations and the analogy with WI-388, could remain 
open to criticism. Therefore we conducted a continuous 
labelling experiment (Fig. 2) in order to achieve an 
independent estimate of the growth fraction using auto- 
radiographic techniques. 

One must be careful, however, in analysing progressive 
labelling data. Because the tumour is th balanced ex- 
ponential growth, the proliferating and non-proliferating 
compartments are in a dynamic equilibrium. Therefore 
some proliferating P cells must subsequently become non- 
proliferating (GO+Q) and some GO cells may resume pro- 
liferation. Also, some Q cells will become netrotic and 
disappear from the system. Thus, in order to determtne the 
growth fraction from progressive labelling data, we must 
make a dynamic model’ (see Fig. 2), which best fits the 
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Fig. 2 Progressive labelling index of B16 melanoma cells. The 
curves show the predicted progressive labelling index of the B16 
melanoma by a dynamic model’, which includes a proliferating 
P compartment, a reversible resting GO compartment and an 
irreversible non-proliferating Q compartment. We have found 
that the model is fairly insensitive to the specific fraction of cells 
in GO and Q and the continuous labelling curve depends only on 
the total (GO-+ Q) non-proliferating compartment. The solid line 
shows the predicted labelling index of the entire population. 
Superimposed are the experimental data points (@), with error 
bars. The dashed line shows the predicted labelling of the pro- 
liferating P compartment. The dotted—dashed line shows the 
labelling of the (GO-+Q) non-proliferating compartment. The 
dotted line shows the fraction of the G1 compartment labelled. 
Note that there is not a great difference between the labelling of 
the (GO-+Q) and G1 cells. This is a consequence of the balanced 
growth assumption. The experimental labelling indices (means 
and standard deviation), were determined by autoradiography of 
melanoma B16 tumours growing in C-57 black mice, at various 
hourly intervals after a single injection of *H-thymidine (0.25 uCi 
g7 body weight), followed, at 4-h intervals, by six injections of 
3H-thymidine (0.25 pCi g~t each). To determine the growth 
fraction, we fit a mathematical model’ to the data, by using as 
input the cell cycle phases residence times, doubling time 
(45.9-+1.5 h) and flash labelling index (0.27); by iteration, the 
predicted labelling index which best fitted the continuous 
labelling data are consistent with Q cells lost of 0.07 per h and a 
growth fraction of 0.68 +0.03. 


data with a (GO+Q = NP) non-proliferating compartment 
of about 32%. Since only cells in the proliferating P 
compartment may divide, at every division a constant 
fraction of P cells become NP cells. Because all P cells 
will eventually be labelled, this implies that cells in the 
non-proliferating compartment must eventually be labelled 
(Fig. 2), making it impossible to have direct evidence that 
all cells out of cycle by image analysis (Fig. 1) are also 
cells out of cycle by autoradiography, that is, unlabelled. 
Therefore, to make our discrimination of ‘G0-+ Q’ from ‘GI’ 
cells more than circumstantial, we analyse a cell suspension 
from the melanoma tumour by an independent method— 
multiparameter laser flow microfluorimetry‘*’’. Unfixed cells 
were Stained with acridine orange (AQ), either directly as 
previously described", or after treatment with Triton and 
chelating agents’. Both procedures yield similar results 
(Fig. 3), showing either in the green‘ or red emission’ a 
peak with lower fluorescence clearly separated from 
fluorescence distribution typical of log-phase population 
(that is, proliferating cells in Gl, S, G2 and M phases). 
Analysis of the two larger peaks, with different fluor- 
escence, but with similar low angle scatter (size), sorted 
by a two-parameter fluorescence activated cell sorter, shows 
that, in our experimental conditions, both peaks contain 
only single tumour cells, with the same amount of DNA 
(diploid), undistinguishable by visual observation. Further- 
more, 8h after progressive labelling with 3H-thymidine, the 
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tumour cells with lower fluorescence show less incorpora- 
tion of radioactive thymidine (non-proliferating compart- 
ment) than tumour cells with larger fluorescence (‘GI’), 
compatible with the prediction of the model outlined in 
Fig. 2. For 12 different experiments, the fractions of non- 
proliferating tumour cells, as determined by a computer 
fitting to the experimental data, range between 29% and 
35% (Fig. 3 and Table 1). The agreement among auto- 
radiography, laser flow microfluorimetry and image 
analysis in determining the fraction of non-proliferating 
cells in the melanoma tumour in vivo, is striking (Table 1). 





Table 1 Percentage of cells in each cycle phase for the same 
melanoma BI6 tumour cell population growing in C-57 black mice 





G0+Q Gl S G24 M 
Autoradiography 324-3 28-+10 2747 1344 
Automated image 

analysis 3443 344+ 2 244-4 9-41 
Laser flow 
microfluorimetry 324-3 35-4 4 234-4 10 -4-2 





Determined by autoradiography, laser flow microfluorimetry and 
image analysis. The means and standard deviations have been 
obtained from up to 12 different experiments. Experimental details 
are given in the text. 


These independent autoradiographic and FMF studies 
permit the identification, as ‘GO+Q’ and ‘GI’ compartments, 
of the two peaks in Aav distribution of melanoma cells with 
the same IOD (DNA) (Fig. 1). which corresponds to the 
two peaks in green fluorescence distribution of the same 
melanoma cell with similar size and diploid levels (Fig. 3). 
Specifically, lower Aa, of the nuclear chromatin corres- 
ponds to higher binding sites for acridine orange in intact 
cells (GP cell), while higher Aas corresponds to lower 
binding sites CG0+Q cell), Calculating mean values of the 
optical parameters for each of the two cell subpopulations 
respectively in the ‘GO+Q’ and in the ‘GF peak, we get 
the results presented in Table 2. While the two tumour cell 
populations have the same DNA content, the average 
optical density and the form factor of the GI cells are 
significantly (P<0.01) lower than the respective values of 
the (G0+ Q) cells. The increase in average horizonal pro- 
jection and the resulting decrease in mean bound path 
(Table 2) in the face of both increasing area and perimeter, 
strongly suggest that the decrease in two-dimensional cir- 
cular geometry (smaller form factor) is partially due to a 
significant increase in surface convolution-—-merely a change 
in shape to a regular but less circular geometry’. Thus, 
‘GI’ nuclei expose a bigger (with respect to ‘GO+ Q’ cells) 
surface to intercalating dyes than to active enzymes, such as 
RNA polymerase, compatible with the frequently reported 
increase in template activity during GO-GI transition of 





Table 2 Comparison of integrated optical density (DNA content), 
mean bound path, average optical density and form factor of ‘GO+ Q’ 
and G1 melanoma BI6 tumour cells 


Ate 


(GO - Q) cells Gi cells 

Integrated optical density | 

(arb. units) 10,720 ~t-] 2/0 10,800 -4 f ,300 
Average optical density 

(arb. units) 438 +67 287 +40 
Form Factor 

(Undimensional) (5.6+1.2)1077 (3.2-+1.4)1072 
Mean bound path 

(u m) 4.06+0.4 3.16 4-0.4 
Horizontal projection 

(u m) GIJELZ 11.643.1 





Cell assignment is obtained in the bimodal distribution of average 
optical density (Aav) of tumour cells with the same DNA content 
(TOD), but with Aav larger (GO+-Q) and smaller (G1) than 360 
arbitary units (values are means +0). 
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different cell lines". Furthermore, the scatter plot of form 
factor against average optical density (not shown) presents 
no overlap between ‘GO+Q’ and GI tumour cells, that is, 
the same cell which presents a lower degree of chromatin 
condensation (Fig. 1, Table 2) shows also an increase of 
chromatin convolution (Table 2). A convincing and striking 
biological implication is that these phenomena seem to occur 
whenever a cell increases the metabolic activity of its DNA, 


Our results prove, therefore, that geometric and densito- 
metric image analysis, as supported by multiparameter laser 
flow microfluorimetry, provide a simple optical method for 
objective individual identification of proliferating GI and 
non-proliferating “GO+Q’ cells, with the same DNA con- 
tent, In an in vivo system, such as melanoma B16 tumour 
growing in mice (Figs 1~3, Tables 1-2). The differences in 
the nuclear morphometry can be interpreted in terms of 
increased chromatin dispersion and convolution in prolifera- 
ting GI cells**, compatible both with the increased dye 
uptake’ (caused also by a larger amount of RNA in Gl 
cells) and with the changes in template activity and tertiary- 
quaternary structure observed in in vitro systems". 

Finally, the possibility of determining, by these direct and 
fast means, the growth fraction’ in intact tumour cell 
suspensions, in vivo, could become extremely useful in 


No. of cells 


Fluorescence per cell 


Fig. 3 Frequency distribution of green fluorescence per cell from 
a suspension of melanoma Bl6 tumour cells, obtained after 
20 min of trypsinisation in 0.25% trypsin solution. Unfixed cells 
were stained directly? with acridine orange at R (iM acridine 
orange per M DNA) =: 1.0; here the green emission was 
measured in order to monitor differences in chromatin DNA 
binding sites (which are known to be somewhat smaller in non- 
proliferating cells*4 8). Similar distributions were obtained after 
treatment with non-ionic detergent at pH 3.0 and exposure to 
chelating agents’: unfixed cells were stained with acridine orange? 
and their total (or red) emission measured in order to take 
advantage also of differences in RNA? (at substantially smaller 
levels in non-proliferating cells**). In both instances, a 
simultaneous on line acquisition and reduction of low angle 
scatter and fluorescence was necessary in order to achieve 
discrimination (by selecting cells with larger scatter) of viable 
melanoma cells from necrotic cells and lymphocytes, which 
infiltrate the tumour, The experimental distribution (a) was 
obtained on a B-D fluorescence activated cell sorter on line 
with a PDP11/40, triggering on homogeneous cell populations 
of larger size (forward angle scatter). The best theoretical! fit (b) 
to the data shown above gave a non-proliferating compartment 
GO0+Q of 31%, with the proliferating compartment divided 
among GI (36%), S (23%), and G2+M (10%) phases. The 
increased dye uptake for Gi tumour cells in respect to GO + Q is 
identical (about 2.45 times larger) to that previously reported for 
GO0--GI transition, in vitro**, Fluorescence and low angle forward 
light scattering were measured either on a Cytofluorograf 4800A 
(Ortho Systems Co.) or a FACS-1 Cell Sorter (Beckton- 
Dickenson), both on line with a PDP11/40 digital computer (up 
to one million cells were measured). 





609 


human cancer chemotherapy, besides providing objective 
evidence for the existence of a different degree of chromatin 
superpacking’***"' for cells in the non-proliferating com- 
partment, even in animal tumour systems, The sorting of 
homogenous ‘GO0+Q’ and ‘GI’ tumour cells, will allow also 
further characterisation of the molecular mechanism 
controlling mammalian cells prohferation in vivo. 
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Role of non-conventional 
natural killer cells in resistance 
against syngeneic tumour cells in vivo 


IMMUNE reactions of ‘conventional T and B lymphocytes are 
generally thought to constitute major parts of any measurable, 
‘specific’ tumour resistance against autologous tumours. There 1s 
no doubt that protective immunity can be induced against 
subsequently transplanted syngeneic tumours in experimental 
systems!. But, there is only scanty evidence to suggest that 
conventional immune reactions can provide resistance against 
such tumour cells when transplantation is made into normal 
individuals. Yet. if is frequently found that even long- 
transplanted syngeneic tumour cells may require comparatively 
high numbers of cells to ensure tumour take in normal recipients. 
Mice failing to succumb to small numbers of tumour cells can 
frequently be shown to reject a second graft of the same tumour 
with similar vigour’. Thus, natural resistance against tumours 
may occur with no display of classical, immunological memory. 
That such natural protective forces do exist against tumours has 
been claimed for many years*, but its underlying basis is poorly 
understood. Here, we present data indicating that naturally 
occurring killer cells may play a decisive part in providing 
resistance against syngeneic tumour cells in vivo. 

Natural killer (NK) cells with the ability to kill several kinds of 
tumour cells in short-term i vitro assays are found in mice and in 
other species (see refs 4 and 5 and refs therein), These NK cells are 
most numerous in spleen and blood and are under autonomous 
control by stem cells in the bone marrow®; they develop in 
the absence of the thymus’° and do not (by various criteria) 
belong to either conventional B or T lymphocytes or the 


The level of NK activity in individual animals is under compara- 
tively strict genetic control’, allowing the classification of inbred 
mouse strains,into ‘low’ or ‘high’ NK type. It is therefore possible, 
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Fig. 1 Percentage tumour takes in animals inoculated with 10* YAC 
tumour cells subcutaneously, @. (A/Sn x CS7BL/6)F, mice ir- 
radiated with 750 R and reconstituted with (A/Sn x C57BL/6)F ,. 
anti Phy  serum+C treated bone marrow cells. A, 
(ASn x COVBL/O)F, irradiated with 750 R and reconstituted with 
(ASn x A.BY)F, anti-Thy serum +C treated bene marrow cells. 
x. A Sn control mice. 10 animals in first two groups, 6 in the last 
one, All animals with tumours died with tumours. For detailed 
conditions of transfer see ref. 10. A.BY and C57BL/6 mice have the 
same H-2 = H-2B. 0.02 < P <0.05 in 7? test comparing the two 
groups of marrow reconstituted F, mice. If data are pooled with 
data from Table | the differences in tumour takes observed between 
NK high’ and NK ‘low’ F, hybrids are significant at P < 0.001, 


using lethal irradiation followed by reconstitution with histocom- 
patible bone marrow stem cells from low or high NK strains, to 
produce individual adult mice with distinct variation in NK 
activity but otherwise almost identical with regard to histocom- 
patibility!®. 

Preliminary evidence suggests that there may be a positive 
correlation between the levels of NK activity (as measured in 
wiro)ina given individual and the degree of resistance of the same 
animal towards transplantation with a NK-sensitive tumour! !-!2, 
Here, we show that tumour resistance in vivo is indeed positively 
correlated with the in vitro NK activity using two independent 
methods of changing NK activity in vivo. In the first experiments 
adult F, hybrid mice were irradiated and repopulated with bone 
marrow cells from high or low NK donors, both being histocom- 
patible with the recipient as well as the tumour cells subsequently 
to be used, As mentioned above, it is already known that the 
eventual NK activity of the spleen cells of such repopulated 
animals is predetermined at the level of the bone marrow donor. 
To exclude in vitro artefacts being transferred into in vho 
experiments, in rejection experiments we used the in vivo line of 
the YAC tumour line. YAC is a Moloney lymphoma of A/Sn 
genotype, known to be highly sensitive to NK cells when grown as 
an in vitro line!?. The i vive line which has never grown int vitro is 
also sensitive to NK activity although at a significantly lower 
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level. Figure | shows that A/Sn F, hybrids reconstituted so as to 
become either low or high with regard to NK activity express 
significant differences in resistance to YAC tumour cells. Thus. 
‘high’ NK F, hybrids display significantly higher resistance than 
the ‘low’ hybrids when transplanted with 10+ YAC cells. When 
the tumour dose was increased to 105 cells all mice did now 
succumb to tumour outgrowth with only minor differences in 
survival ume (data not shown). 

These results are consistent with the suggestion that NK cells 
play a decisive part in the rejection of histocompatible tumour 
cells. But. as these experiments were carried out in animals with 
irradiated but otherwise intact thymus it could be argued that the 
observed differences were determined by conventional T lvm- 
phocytes reacting against tumour-associated antigens in a “nor- 
mal’, immune manner. Thus. a new series of experiments was set 
up but using animals thymectomised at an adult age before 
irradiation and marrow protection. The success of thymectomy 
was monitored by immunisation with polyvinylpyrrolidone 
(PVP). a T-independent antigen as well as with horse 
erythrocytes, a T-dependent antigen'* (data not shown). The 
animals were then transplanted with YAC cells and assessed for in 
vive resistance to tumour outgrowth. Table | shows that thymec- 
tomy had no impact either on the level or on the pattern of tumour 
resistance: high NK marrow donors provided the host with 
eventual high resistance towards transplantation with YAC cells 
in the same manner as in the experiments depicted in Fig. 1. Thus. 
absence of immunocompetent T lymphocytes in the present 
system has no detectable role in providing in riro resistance 
against syngeneic tumour cells. 

NK activity changes more markedly with the age of the mouse 
than do B and T lymphocyte functions’. Thus, NK activity 
appears abruptly around day 21 after birth and remains high until 
approximately 3 months of age followed by a rapid drop. Results 
from one system suggest a change in tumour resistance i vivo 
with age that would seem to parallel the NK activity'?. We have 
carried out experiments in our NK system to investigate this 
matter. Figure 2 shows the results of such an experiment carried 
out in a ‘high NK A/sSn F,-hybrid combination: there is a 
dramatic drop in resistance between 6 weeks and 6 months of age 
which corresponds with the reduction of in vitro NK activity ®*, 
Experiments carried out in additional combinations using NK- 
sensitive tumour targets confirmed the observed age dependent 
pattern of i7 vivo resistance. Thus, these data also support the 
view that NK cells play a most decisive part in determining in vivo 
resistance against several kinds of syngeneic tumour cells. 

As indicated above, results from other workers support our 
finding?!*, Furthermore, NK cells are recruited when NK- 
sensitive tumour cells are being inoculated!* and can be isolated 
from tumour biopsies growing at locations where normally no 
NK cells would be detected'®. Thus NK cells are apparently 
capable of migration to and destruction of sensitive targets in 
diverse regions of the body. Our findings may also shed some light 
onthe confusing field of nonspecific immunotherapy of tumours. 


~sermterevannantenmtade mer ttorernentttnttrerrnsmanenanenamaseanstteennimtmmnmnnnettettiitttinunnrtansntireieanetnei vteenrunsnsistnsnarernananpnnvsntiiteievidssin=—emeaetenmaneietetnitunteiintititnimeLLdtAdLterinnininasseriseuuane, 


Fable į} Intact in vivo resistance towards semi-syngeneic tumour cells in T-deficient animals 


Expt Recipient animals* Bone marrow cells? 
(AsSn x 129/3)F, (A/Sn x 129;5)F, 
(A/Sn x CS7BLIO)F, 
2 (AjSn x CS7BL/6)F, (A/Sn x 129)F, 


(A/Sn x CS7BL/6)F, 


Frequency of tumour takes! 


NK type? Tumour cells§ Day 9 Day 20 Day 36 
low YAC, 104. s.c. 08 6:8 TER 
high YAC, I. sc. 0/8 OS OS 
low YAC.5 x 108, s.e. OE5 9°45 9°18 
high YAC, 5 x 104. se. O14 114 1/14 


amt eee ee OAL AI NAA OL TOLL aaRS aiea 
The experiments show a positive correlation between i vivo resistance and in vitro NK cell activity. | 
The differences in tumour takes observed comparing NK ‘low’ with NK ‘high’ F, mice are statistically significant for both experiments (P < 0.001 in 7? 


tests}. 


*Thymectomised at I month of age, irradiated with 750 R 24 or 26d later. Reconstituted with anti-Thy +C treated bone marrow cells in Expt 1. with 
foetal liver cells in Expt 2 with genotype as indicated. Success of thymetomy was assessed by immunisation with PVP and horse erythrocytes respectively, 


Tumour cells grafted 3 weeks after reconstitution, 


FGenotype of yarrow or fetal liver cells. CS7BL/6 and 129 have the same H-2 = H-2B. | 
NK activity of reconstituted mice as assessed fa vitro’). (AsSn x 129/53) F ; Spleen cells have normally at least S times lower NK cell activity compared 


with (A/Sn CS7BLI6)F, reconstituted mice. 


§Transplantation subcutaneously of the H-2A tumour YAC at cell number indicated. 
(Animals displaying tumour growth out of total number grafted. All tumour-bearing animals died with tumours, 
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claimed to sometimes induce significant increases in tumour 
resistance i vivo!" have recently also been found to have grave 
impacts on NK cell activity? 54°., Interestingly, either enhancing 
or strongly suppressive effects on NK cells could be induced by 
the same agent depending on the conditions used for adminis- 
tration (Ojo, E., Haller, O. & Wigzell, H., unpublished work). It 
therefore seems possible that parallel measurements of NK 
activity im vitro may allow a controlled use of such immuno- 
therapeutic substances in a manner previously not possible. 


100 X= =t X 


°% Cumulative incidence 
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Time after 10° YAC s.c. (d) 


Fig. 2 Percentage tumour takes in (A/Sn x CBA; HDE, mice of 
different ages inoculated with 10’ YAC cells subcutaneously. 
(A‘Sn x CBA)F, is a ‘high NK combination!’ x. A/Sn control 
mice, 3 months of age. AySn mice are ‘low’ in NK achvily, 
(A/Sn x CBA)F, mice: @. 31/2 weeks of age; ©. 6 weeks of age; DJ. 
6 months of age: A. more than 9 months of age. Each group 
comprised of 8-10 mice. All animals carrying tumours died with 
tumours, 0.001 <P <0.01 in X? test comparing the two groups of 
young mice (6 weeks or younger) with the two groups of old mice (6 
months or older). If data from additional experiments (see text) are 
pooled, P< 0.001. 


Our findings strongly support the suggestion that natural 
resistance against tumour outgrowth i vito may be exerted 
largely via cells of a non-conventional type. Thus, a high 
positive correlation between NK cell activity #7 viro and tumour 
resistance levels # vivo was found using two distinct methods of 
analysis. On the other hand. the cells normally considered to be 
the most important involved in cell-mediated immune reactions. 
that is, the thymus-dependent lymphocytes, failed to contribute 
to this in vive resistance. IF these results are found to be generally 
applicable, then this would suggest the existence, outside the 
conventional immune system, of a surveillance mechanism with a 
comparatively selective ability to recognise and destroy aberrant 
malignant cells rico through direct lytic contactual mechanisms. 
NISMS. 
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Tumour cell lines induce 
interferon in human lymphocytes 


VIRAL infection of cells induces synthesis and release of interferon 
which renders uninfected cells resistant to subsequent virus 
infection. Interferon production can also be stimulated by non- 
viral agents, such as microorganisms’, substances of microbial 
origin and synthetic polymers*. Moreover, interferon can be 
stimulated in lymphocytes by mitogenic lectins’, antilymphocyte 
sera*, viral antigens*™ ’, PPD® and exposure to allogeneic cells”, 
An antitumour effect of interferon and interferon inducers has 
been demonstrated in vivo'®”'*, It has been postulated that 
interferon may act by directly inhibiting tumour cell growth! ? and 
by stimulating host defence mechanisms'*~'®. We report here 
that certain human cell lines are able to induce high levels of 
interferon on contact with human lymphocytes. 

Purified human peripheral blood lymphocytes were cultured 
with confluent monolayers of various human cell lines. The 
antiviral activity of the supernatant was measured by inhibition of 
the cytopathic effect of vesicular stomatitis virus on monolayers 
of human foetal skin fibroblasts. Eight human tumour-derived 
cultures and two simian virus 40 (SV40)-transformed cultures 
induced high levels of antiviral activity when cultured with human 
lymphocytes (Table 1). The supernatant from cell lines cultured 
alone or from lymphocytes alone did not show antiviral activity 
(Fig. 1). All 12 human fibroblast lines derived from normal 
tissues, 13 out of 15 lines transformed by SV40, and five tumour- 
derived cell lines, were unable to induce interferon (Table |). Most 
of the cell lines were checked for mycoplasma contamination at 
the time of the test: no correlation was found between the 
presence of mycoplasma and the induction of antiviral activity, 

Mouse cell lines were also tested for their ability to induce 
interferon in human lymphocytes (data not shown). Several were 
positive, including some continuous cell lines and 5 out of 19 
SV40-transtormed cell lines. The interferon produced by culti- 
vation of mouse cell lines and human lymphocytes was of human 
origin, as determined by its ability to inhibit viral replication in 
human cells and not in mouse cells: this result indicates that the 
lymphocytes in these mixed cultures and not tumour cells are 
responsible for interferon production. 

The kinetics of interferon production in these experiments were 
similar to those observed after virus infection of lymphocytes 
(Fig.l). Antiviral activity was detectable in the supernatant 4-5 h 
after the lymphocytes were added to the cell cultures and its titre 
increased up to 16-24 h. The final titres of antiviral activity varied 
according to the cell line and the lymphocyte preparation: 
however. the positive cell lines induced interferon production by 
each lymphocyte preparation and the negative cell lines never 
induced interferon. 

The virus inhibitor in the supernatants of the mixed cultures 
meets all the criteria established by Lockart?* to bewonsidered as 
an interferon: it is species-specific, destroyed by trypsin resistant 
to treatment at pH 2 and the active components can be eluted 
from a Sephadex G-100 column in two fractions corresponding to 
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molecular weights of approximately 45,000 and 25,000. In- 
hibition of cellular protein synthesis, by the addition of cyclo- 
heximide to the lymphocyte-tumour cell culture. suppressed 
interferon production (Fig. 1). In addition to the antiviral 
activity, the supernatants from the mixed cultures inhibit cell 
growth and DNA synthesis in human cell lines and have an effect 
on the cytotoxic activity of human peripheral blood lymphocytes 
(manuscript in preparation). These activities, which have also 


activity and were eluted in the same two peaks after gel filtration. 

The stimulus for production of interferon by lymphocytes on 
incubation with cell lines is unknown. Contact between lym- 
phocytes and cells seems to be required because supernatants 
from the cell lines are unable to induce interferon production by 
lymphocytes. When human cells were used as inducers, with the 
exceptions of two $V40-transformed cell lines, only tumour- 
derived Imes were able to induce antiviral activity in human 
lymphocytes. 

For two types of human tumours, melanoma and colorectal 
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Fig. 1 Kinetics of interferon production from human lymphocytes 
infected with Newcastle disease virus or cultured with a human 
rhabdomyosarcoma-derived cell line. Human peripheral blood lym- 
phocytes were isolated on a Ficoll-Hypaque gradient. Adherent cells 
were removed by two incubations (1 h each, 37 °C) on glass Petri 
dishes. The cells were resuspended at 107 mi! in RPMI 1640 
medium with 10% foetal bovine serum and | ml of medium con- 
taining cells was added to 16mm wells (Linbro Disposo trays 
FBI6-24TC) empty or containing a monolayer of human 
rhabdomyosarcoma-derived cells (cell line RDMC). The super- 
natants were taken at the indicated times, centrifuged at 1,000¢ for 
30 min and tested for antiviral activity. Supernatants from New- 
castle disease virus-infected lymphocytes were treated at PH 2for4d 
and then neutralised before testing. The antiviral activity was 
expressed in terms of the cytopathic effect, 50% end point inhibition 
test. Serial dilutions (100 yl) of the supernatant were added to the 
wells of microtitre plates (Microtitre H, Falcon) containing mono- 
layers of human foetal skin fibroblasts. After overnight incubation 
the supernatants were removed and 50,000 plaque-forming units of 
vesicular stomatitis virus (Indiana strain) were added in a volume of 
0.2 ml. The final evaluation of cytopathic effect was done after 48 h. 
Each assay included a standard interferon preparation (NIH human 
reference interferon G-023-901-527 with a titre of 20,000 units). 
Supernatants from : @, lymphocytes alone: (J, RDMC monolayer 
alone; $W. mixed culture lymphocytes and RDMC; ©, mixed culture 
lymphocytes and RDMC in presence of cycloheximide 100 ug miot, 
A. lymphocytes infested with Newcastle disease virus at multiplicity 
of infection of 10. 


adenocarcinoma, various cell lines from different patients were 
analysed. All four melanoma-derived cell lines tested induced 
interferon. Of the six colorectal carcinoma-derived cell lines, only 
two were positive. These two positive cell lines were derived from 
the same patient*°-—line SW480 from the primary adenocar- 
cinoma of the colon, and line SW620 from metastases in the 
lymph node of the same patient. The other four colorectal 
carcinoma cell lines tested did not induce interferon. 

The allogeneic (or xenogeneic) antigens on the surface of the 
cells were probably not responsible for interferon stimulation. 
Preliminary experiments with autologous cells in humans and 
with syngeneic cells in a murine system have shown that interferon 
is produced even in the absence of allogeneic differences between 
the lymphocytes and the inducer cell line. Moreover, alloantigens 
are present on both inducing and non-inducing cell lines and in 
the presence of a strong allogeneic stimulus, as in mixed leukocyte 
culture, no antiviral activity was detected in the supernatant after 
24h of incubation (Table 1). The induction of interferon by an 
allogeneic stimulus in mouse mixed leukocyte culture has been 
reported to occur only after 4-5 d of stimulation and at a titre 
much lower than that observed in our experiments’. ‘Tumour’ 
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Table 1 Induction of interferon by various human cell lines co-cultured with human lymphocytes 


Lymphocyte preparations Units interferon 


Cell line Ref. Origin Passages tested induced * 

6 preparations Peripheral blood lymphocytest 6 <i 

2 strains Foetal skin fibroblasts 6-40 6-12 < | 

3 Strains Foetal lung fibroblasts 20-40 4-8 <] 

2 strains Brain 2-15 4 <] 

7 strains Skin fibroblasts 5-40 4 < | 

4 lines 17,18 $V40-transformed fibroblasts 20-240 4-8 <i 

9 lines 19 Brain, SV40-transformed 4-22 4 zI 
S1054TR 19 Brain, SV40-transformed 32 4 193 + 137 
S1003 3WTR 19 Brain, SV40-transformed 8 4 125+0 

4 lines 20 Colorectal carcinoma 10-95 4 <] 
SW620 20 Colorectal carcinoma 160-165 4 362 + 137 
SW480 20 Colorectal carcinoma 105-110 3 125+0 
SWo690 Melanoma 80-90 5 850+ $42 
SW691 . Melanoma 80-85 4 6,000 + 3,000 
SW843 Melanoma 30-40 4 244+ 119 
SW489 Melanoma 30-40 3 25+0 
RDMC 21 Rhabdomyosarcoma 150-200 32 3,494 + 1,008 
HT 1080 22 Fibrosarcoma 110-115 4 <I 
D98 (HeLa) 23 Cervical carcinoma 50-60 4 3124+165 


etter neers 


Monolayers of the different cell lines have been co-cultured with various human | 


*Antivirdl activity was measured in the supernatants after 24 h of co-cultivation: 
tEqual volumes of allogeneic lymphocyte preparations from peripheral blood (107 cells mi~!) were mixed and the supernatants collected after 24 hasin 


the lymphocyte-—-cell line mixed cultures. 


ymphocyte preparations as indicated in Fig. 1. 
values are means +5.e.m. 
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antigens present on the surface of the inducer cells might be 
responsible for an immune stimulation of interferon. But, the 
ability of the lymphocyte preparations from all donors tested to 
produce interferon when cultured with inducer cell lines, the high 
titre of interferon produced and the early kinetics of production 
seem to differentiate the mechanism of interferon induction 
described in this study from other known systems of immune 
stimulation: for example, stimulation of primed human lym- 
phocytes with various viral antigens induces only low levels of 
interferon (less than 100 units in most systems) after 5-7 d of 
stimulation®’’ and then only in lymphocytes from immune 
donors. Particular cell-surface characteristics in the positive cell 
lines might be responsible for the interaction with the lym- 
phocytes and for their stimulation. The presence in the lym- 
phocyte population of natural killercells that are known to interact 
with and lyse some of the tumourcellsduring incubation*° might be 
responsible for induction or release of the factor(s) responsible for 
interferon induction. The possibility that viruses present on the 
human cell lines are the inducers, although unlikely, cannot be 
excluded, 

The ability of interferon to enhance specific and nonspecific 
cell-mediated cytotoxicity, as well as its inhibitory effect on 
tumour cell growth could be responsible for the antitumour effect 
in vivo observed with exogenous interferon and with interferon 
inducers. If, as observed with tumour-derived cell lines in vitro, 
tumour cells in vivo are able to interact with the host lymphocytes 
and induce interferon production, it is possible that this induction 
of endogenous interferon is one of the natural defense mech- 
anisms of the host against tumour growth and invasion, 
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Activation of human complement 
by glutaraldehyde-treated red cells 


THERE is now much evidence that the classical complement 
pathway can be activated by substances other than immune 
complexes. Leonard and Thorne’ found that precipitate 
formed between the polyanion, polyglutamic acid, and 
lysozyme was anticomplementary, although the site of 
action was not determined. Since then, many polyionic sub- 
stances and complexes have been found to activate the 
classical complement pathway, namely polyinosinic acid’, 
dextran sulphate’, cellulose sulphate‘, heparin—protamine 
complexes’, lipid A‘, lysozyme-—DNA complexes’, double- 
stranded DNA* and C-reactive protein—polycation com- 
plexes’. Although activation by heparin—protamine com- 
plexes was found to take place in agammaglobulinaemic 
serum’, it is possible that the polyions do not react directly 
with Cl, but that they bring about aggregation of IgG, 
which then combines with and activates Cl. On the other 
hand, C-reactive protein attached to the surface of red cells 
can activate complement without involvement of antibody 
or IgG (refs 11, 12), as can certain oncaviruses’’ and mito- 
chondrial membranes". It has also been shown that the 
complement component Clq will combine with plutaralde- 
hyde-treated red cells and that the binding sites involved 
on the Clq molecule are probably those also involved in 
binding to immune complexes". It has now been found 
that glutaraldehyde-treated red cells not only bind to Clq, 
but can also activate the complement system through the 
classical pathway, with no evidence of involvement of 
immunoglobulin. 

Group O Rh-negative red cells were washed six times in 
saline and treated with glutaraldehyde followed by lysine, 
as previously described’*. These cells were added to an equal 
volume of fresh serum and incubated at 37 °C for 2-24h. 
Control samples contained 10mM EDTA. Aliquots of the 
supernatant serum were then taken for assessment of com- 
plement activity. After incubation for 2h, there was a 
reduction in complement haemolytic activity'’ (CHyo) to 
25-50%, compared with that of the controls. Analysis of 
the complement components C2 (using a human homo- 
zygous C2-deficient serum), C4 (using ammonia-treated 
guinea pig serum") and C3 and other late-acting com- 
ponents (using zymosan-treated guinea pig serum’") showed 
a progressive reduction in all components with almost com- 
plete loss of activity at 16-24h. C3 breakdown products 
were also shown to be present in the serum after incubation 
for 6h with glutaraldehyde-treated red cells, using the 
crossed immunoelectrophoretic method", with an anti- 
serum containing anti-C3b, -C3c and -C3d. As Fig. 1 shows, 
there was almost complete conversion of C3 to C3c. Small 





Fig. 1 Crossed immunoelectrophoresis of fresh serum after 

incubation for 6 h with glutaraldehyde-treated red c€lls, a, in the 

presence of 10 mM EDTA, and b, without EDTA. c, A serum 

aged for 4 d at 37°C, used for identification of C3c and C3d 

precipitation lines. The antiserum contained antibodies specific 
for C3, C3c, C3d and C4. 
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amounts of C3d were present in the serum, but most was 
attached to the red cells, as shown by using an ™I-labelled 
anti-C3d (ref. 17). The Clq content of the serum was 
reduced to barely detectable levels, as shown by single 
radial diffusion assay using anti-Clq. | 

These results are typical of those found with activation 
of complement through the classical pathway. It is im- 
probable that the complement system was activated through 
IgG fixed to the red cells, as the cells were thoroughly 
washed before glutaraldehyde treatment, and only trace 
amounts of IgG could have been present on their surface. 
Activation of complement through IgG on the surface of 
membrane requires substantial amounts of antibody to be 
present; for instance, about 5,000 molecules of IgG anti-A 
are required on each red cell before complement com- 
ponents can be demonstrated to be present on the red cell 
surface’. Thus, it is unlikely that complement is being 
activated through IgG bound to the cells and it is more 
probable that the site for binding and activation of C1 is 
an integral part of the red cell membrane. 

The ability of complement to be activated in vitro 
through the classical pathway by glutaraldehyde-treated red 
cells, as well as by oncavirus and mitochondria without the 
intervention of IgG, indicates that complement has the 
potential to act in vivo independently of other systems in 
the elimination of foreign membraneous particles. Verhoef 
et al” have provided evidence that the classical com- 
plement pathway can be activated by direct reaction with 
bacterial cell wall protein A, resulting in opsonisation and 
phagocytosis of the organisms. 

N. C. HuGues-Jones 
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Histamine release from rat 
mast cells induced by Sendai virus 


SENDAL virus (HVJ, haemagglutinating virus of Japan), a 
type | parainfluenza myxovirus, agglutinates certain types 
of cells and induces cell fusion’. Previously’ we reported on 
the degranulgting activity in the hybrid cells derived from 
rat mast cells and Ehrlich ascites tumour cells using HVJ. 
During that work, it was found that histamine release 
accompanied by degranulation from unfused mast cells 
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Fig. 1 a, Histamine release by HVJ and its potentiation by 
phosphatidylserine (PS). Isolated rat mast cells (1 x 105-2 x 10° 
cells) were incubated for 10 min at 37 °C in varying concentra- 
tions of HVJ in PBS, with or without PS (10 Lig). Total reaction 
volume was | mi. ©, Histamine release by HVJ; @, histamine 
release by HVJ and PS. Values for percentage histamine release 
are the means of experiments corrected for spontaneous release. 
b, Effect of PS on histamine release by HVJ in relation to the 
time of addition of PS. Cells were incubated for varying times 
at 37 °C with HVJ (500 HAU mi~) in PBS, then PS (10 ug 
ml~*) was added for a further incubation period of 10 min. @, 
Histamine release by HVJ and PS; ©, spontaneous release. c, 
Effect of Ca?* on histamine release by HVJ and PS. Cells were 
incubated for 2 min at 37 °C with HVJ (500 HAU ml) in PBS 
containing CaCl, in varying concentrations, then PS (10 jig 
mi~) was added for a further incubation period of 10 min. d, 
Effect of temperature on histamine release by HVJ and PS. Cells 
were incubated for 2 min at varying temperatures with HVJ 
(S00 HAU mi™) then PS (10 ug mi~) was added for a further 
10 min incubation. @, Histamine release by HVJ and PS; ©, 
spontaneous release. 


occurred frequently. This observation led to the theory 
that histamine release from mast cells was induced by virus, 
as well as by antigen from sensitised mast cells and by hist- 
amine releasers. The results reported here indicate that 
histamine release from mast cells was induced by direct 
exposure of cells to virus in the presence of Ca** at 37°C 
and that it was markedly enhanced by the addition of 
phosphatidylserine (PS), which is a selective enhancer’ of 
anaphylactic histamine release. 

Mast cells were isolated from rat peritoneal fluid by the 
method as described before‘ and suspended in a phosphate- 
buffered saline (PBS, 154 mM NaCl, 2.7 mM KCI, 0.9 mM 
CaCh, 6.7 mM KH:PO.~NaeHPO,, pH 7.2 and 0.01 % bovine 
serum albumin). HVJ-z strain was propagated in embryon- 
ated eggs and concentrated by a centrifugation’. The mast 
cell suspension was incubated with HVJ for 2 min at 37°C 
and then PS, sonicated in PBS, was added. After 10 min 
of incubation, the reaction was terminated by adding 2 ml 
of ice-cold PBS and the reaction mixture was centrifuged 
at 3,000g for 20min. Histamine in the supernatants and 
precipitates was determined according to the fluorescence 
method of Shore er al”. Lactate dehydrogenase (LDH) 
activity was determined by the method of Burch et ai”. 

Incubation of HVJ suspension (final virus concentration, 
8,000 HAU mI) with mast cells for 10min at 37°C 
induced histamine release accompanied by degranulation 
from the cells. With a concentration of 500 HAU mi~ of 
HVJ, histamine release hardly occurred, but the addition of 
10 ug ml’ PS to such a cell suspension resulted in a marked 
histamine release (Fig. la), this release being almost com- 
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plete within 5 min. The histamine release induced by HVJ 
and PS was dependent on the time at which PS was added. 
Figure 1b shows that when PS was added after a 2-min 
exposure of mast cells to virus, histamine release reached 
a maximum and then decreased on further exposure to 
virus. Phosphatidylcholine, phosphatidylinositol, phos- 
phatidylethanolamine and phosphatidic acid were all 
ineffective in this respect. 

Calcium ions were necessary for both the histamine 
release by HVJ and the potentiation by PS of HVJ-induced 
histamine release from mast cells. As shown in Fig. Ic, the 
effect of calcium increased with the increase of concen- 
tration from 10°°M, reaching maximum at around 
5x10 M. Histamine release induced by HVJ and PS in 
the presence of Ca’? was dependent on temperature (Fig. 
id), the optimum being 37°C. At temperatures below 
20°C and above 45 °C, histamine release was inhibited. 

The specificity of HVJ in histamine-releasing activity was 
examined. Adsorption of the virus to human erythrocytes 
resulted in complete inhibition of histamine-releasing 
activity of the virus. This activity was not, however, affected 
by repeated washing of the virus by centrifugation and 
resuspension. Histamine release from the mast cells induced 
by 500 HAU ml"! HVJ was not accompanied by the release 
of LDH, but a prolonged incubation with a high concen- 
tration of HVJ (8,000 HAU ml’), did result in the release 
of LDH. 

These observations indicate that histamine release from 
mast cells is directly induced by virus and that this release 
is similar to antigen-, dextran- and concanavalin A-induced 
reactions’’®’, These reactions are dependent on Ca’? and 
temperature, and are potentiated by PS. It is therefore 
suggested that a common process, which is related to 
membrane function leading to exocytosis by fusion of the 
plasma and granule membrane, is involved in the mechanism 
of their histamine release. 

It is well known that HVJ possesses haemolytic activity, 
but histamine release from mast cells by this virus could 
not be caused by its lytic action. This point is clear from 
the fact that HVJ-induced histamine release from mast cells 
was not accompanied by the leakage of LDH. Moreover, 
Ca? required in this histamine release acts in an inhibitory 
manner on the haemolytic activity of HVJ, and such 
haemolysis requires phosphatidylethanolamine; PS is not 
effective”. Recently, Homma et al." have prepared HVJ 
that possesses cell fusion full activity and infectivity, but 
no haemolytic activity. A comparative study of the hist- 
amine release from mast cells is now being carried out using 
non-haemolytic and haemolytic preparations, 

The mechanism of histamine release by HVJ and 
enhancement by PS, in the presence of Ca’* still remains 
unclarified. The study, by immuno-freeze-etching, of the 
fusion of erythrocytes by HVJ has elucidated that when viral 
envelopes fuse with red blood cell membranes, agglutina- 
tion of intermembranous glycoproteins occurs”. Chi ert al” 
have demonstrated that a displacement of intramembranous 
particles occurs at an early stage in the secretory reaction 
of mast cells. From these findings it seems that even at an 
early stage of infection of mast cells by HVJ there prob- 
ably occurs a perturbation of the membrane structure, 
followed by clustering of intermembranous particles. It has 
been suggested that fusion of granule membrane and cell 
membrane takes place at the region of perturbed lipid 
bilayer denuded of intermembranous particles’. Ca" and 
PS in all probability, play a part in the enhancement of the 
formation of fluid cluster in the membrane, or the per- 
turbation of lipid bilayer”. If PS is absent, the perturbation 
in the membrane induced by HVJ would rapidly be 
stabilised (Fig. 16). The fact that histamine release induced 
by HVJ is highly sensitive to temperature also seems to 
indicate that membrane fluidity is important in membrane 
fusion. 
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Immediate early antigens in 
human cytomegalovirus infected cells 


During a comparison of cytomegalovirus (CM V)-specific 
haemagglutinating and immunofluorescent antibody titres 
in human sera, 3 of 60 sera tested by indirect immuno- 
fluorescence gave homogenous nuclear staining in 100% of 
infected cells within 1 h after infection (p.i.). These antigens 
differ from EBNA-type antigens described recently by 
Geder’ in CMV-infected cells 3h p.i. in that anticomple- 
ment immunofluorescence’? is not required for their 
detection. They differ from ‘early antigens’ (EAV in that 
they appear much sooner and are located uniquely in the 
nucleus. Finally, they differ from ‘late antigens’ (LA) for 
they appear in the absence of DNA synthesis. By analogy 
to antigens described for the pseudo-rabies system by Ben- 
Porat ef al.‘ and for herpes simplex virus type 1 by Beth 
et al, we term these antigens ‘immediate early antigens’ 
(LEA). 

CMV-IEA were partially characterised by studying their 
appearance in cells treated with inhibitors of DNA, RNA 
and protein synthesis, as well as in cells non-permissive for 
human CMV replication. The titres of each serum in anti- 
bodies to IEA, EA and LA is given in Table !. The re- 
activity of two of the three TEA-positive sera (M19 and 
ICM) was studied in various conditions and compared with 
that of an IEA-negative serum (AUD). 

When human diploid cells (MRC-5) were infected with 
| PFU (plaque-forming unit) per cell of Mira strain CMV, 
diffuse nuclear fluorescence was detected } h later using a 
1/60 dilution of M19 or ICM (Fig. 1a). The serum AUD 
(diluted 1/60, Fig. 15) failed to detect any intracellular 
antigens until 15h after infection. Appearance of antigens 
detectable by LEA-positive sera was not influenced by treat- 
ment of cells before or after infection with inhibitors of DNA 
or RNA synthesis. Neither cytosine arabinoside (20 ug ml’) 
nor iododeoxyuridine (100 zg ml") added at the time of 
infection, nor phosphonoacetic acid (50 ug ml”') added 24h 
before and maintained after infection affécted IEA forma- 
tion. Actinomycin D added at the time of infection at 
6-20 ug ml"! failed to inhibit antigen formation even when 
cells were pretreated with this drug (10 ag ml‘) for as long 
as 15h before infection. Cycloheximide when added 18h 
before infection and maintained after infection blocked 
antigen formation; however, when cycloheximide was added 
only Ih before infection and maintained in the culture 
medium after infection, antigen formation was not blocked. 
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IEA-positive sera detected antigens induced by two strains 
of CMV (Mira and K9V), but not by HSV-1 (KOS and A 44 
strains), HSV-2, or by a bat herpesvirus (Eidolon)’ when 
tested 3h after infection at a dose of approximately 1 PFU 
per cell. Neutralisation of Mira strain CMV with either 
MIC or ICM at 37 °C for 1h eliminated nuclear fluores- 
cence. Incubation of virus at 37°C for Ih in growth 
medium or with a CMV-negative serum did not affect 
appearance of IEA fluorescence. 

Ultraviolet light irradiation (30 min at 85 erg mm™* s`’) 
and heat inactivation (30 min at 56°C) of infecting virus 





Table 1 Immunofluorescence titres of sera used to study immediate 
early (IEA) and late (LA) antigens in human cytomegalovirus 
infected cells 


CMF specific antigens 


Serum IEA* LAT IgMt 
M19 320 320 80 
MIC 20 80 ND 
ICM 80 320 0 
AUD 0 320 ND 





Human diploid cells (MRC-5) were grown in Leibovitz L-15 
medium supplemented with 10%, calf serum and infected with | PFU 
per cell of human cytomegalovirus by plating on to coverslips 0.2 ml 
of virus and 2x 10° cells in 0.2 ml in each well of 25-well Sterilin 
culture plates. Immunofluorescence was carried out 3h p.i. when 
seeking IEA and 72 h p.i. when estimating LA and CMV-specific IgM 
antibody activity. All cells were washed in three changes of 
phosphate-buffered saline (PBS) containing Mg*+ and Ca?* ions and 
fixed in two changes of ice cold methanol for a total of 5 min. Cover- 
slips were air-dried, incubated with appropriate dilutions of test sera 
for 30 min at 37 °C when testing for IEA and LA, and for 3h at 
37 °C when testing for IgM. Coverslips were then washed in at least 
four changes of PBS over a period of 10 min and incubated with either 
FITC-conjugated goat-anti-human IgG (Melory) or with FITC- 
conjugated goat-anti-human IgM (Melory) for 30 min at 37 `C. After 
extensive washing in PBS, coverslips were fixed in 10% formol, washed 
with PBS and mounted in glycerine/PBS (9:1) mixture. 

*Titres expressed as reciprocal of the highest dilution giving whole 
nuclear fluorescence. 

+Titres expressed as reciprocal of the highest dilution giving + + 
(maximum 4 H) fluorescence of nuclear inclusion bodies. 


prevented IEA formation. Ultraviolet irradiation of cells 
for 10 or 20 min before infection did not inhibit antigen 
appearance. Nuclear fluorescence varied as a function of 
virus dilution; a 1/5 dilution gave 70% fluorescence and a 
1/10 gave 20%, fluorescence. 

Human CMV induced IEA in non-permissive cells. Mouse 
fibroblasts (MLF-CBA, isolated at the Pasteur Institute) 
and epithelial cells (TCCy, Pasteur Institute) reacted posi- 
tively with IEA-positive sera 18 and 24h, respectively, 
after infection with Mira strain CMY. IEA-negative serum 
revealed no antigens in these cells at any of the times 
studied. Rabbit ear skin fibroblasts (RSF, Pasteur Institute) 
showed 100% nuclear fluorescence 9h after infection with 
either Mira or K9V CMV (Fig. 1c, d). In these cells, IEA- 
positive fluorescence disappeared on ultraviolet irradiation 
of infecting virus. None of the sera used in this study 
reacted positively with CMV transformed hamster fibro- 
blasts (Cx90 3B) at passage 39. 

If iododeoxyuridine ([UdR) 100g ml"') applied at the 
time of infection was used to block DNA synthesis, IEA dis- 
appeared from nuclei and appeared in the cytoplasm 45h 
after infection, at which site they were barely detectable 
72-h p.i. This would suggest that in the absence of DNA 
synthesis, IEA either disappear or loose their original anti- 
genic structure after leaving the nucleus. IEA are probably 
not structural proteins of the virus since they are practi- 
cally undetectable in cells blocked by IUdR 72h after 
infection at a time when IEA-negative LA-positive serum 
detects &ntigens in both nucleus and cytoplasm. IEA might 
be related to CMV-induced stimulation of cellular protein 
synthesis known to occur early after infection’. 
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The significance of these antigens in the CMV replicative 
cycle remains obscure for three reasons. First, the abun- 
dance of these antigens in the nucleus within such a short 
time p.i. when viral DNA synthesis has not occurred. Second, 
these antigens appear in spite of inhibition of DNA and 
DNA-dependent RNA synthesis. And third, ultraviolet in- 
activation experiments show that functional virus DNA is 
required. The possibility that these antigens represent accu- 
mulation of infecting viral capsids in the nucleus seems to 
be ruled out since IEA-negative LA-positive serum gives no 
nuclear fluorescence and as electron microscope exam- 
ination of cells 3h after infection failed to show any viral 
capsids in cell nuclei. 

IEA antibodies are rarely detectable in CMV positive 
sera. Among the donors of the three LEA-positive sera, 
there seems to be no common clinical background which 
would permit extrapolating from the patient’s histories a 
coherent explanation for the relationship of these antibodies 
to the stage of disease. 

Further characterisation of IEA must await polyacryl- 
amide gel analysis and the production of specific antisera 
in order to characterise immunoprecipitates. This work is in 
progress. 
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A single gene determines 
the host range of influenza virus 


THE genome of influenza virus consists of eight distinct 
segments of single stranded RNA as determined by electro- 
phoresis in polyacrylamide gels’. Each of these segments 
codes for one of the eight virus specified polypeptides’ 
and is therefore believed to be a single gene which functions 
by a monocistronic messenger RNA". Because different 
strains of influenza may vary in base sequence homology’ or 
in the electrophoretic mobilities of their RNA segments and 
infected cell polypeptides“, it is often possible to deter- 
mine the parental origin of every gene in an interstrain 
recombinant. Such procedures have been used to investigate 
the physiological properties associated with some of the 
influenza virus specified proteins’’’’’, I describe here the 
application of this approach to an investigation into the 
genetic control of host range. The results show that the 
difference in host range between two avian influenza viruses 
depends solely on the properties of one of the internal viral 
proteins associated with RNA polymerase activity. 
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One of the major areas of interest in the study of influ- 
enza viruses is the genetic control of biological properties 
such as virulence”, pathogenicity’, plaque morphology" 
and host range". The gene coding for the major surface 
glycoprotein, the haemagglutinin, may be important in some 
of these properties. Proteolytic cleavage of the haemag- 
glutinin is necessary for activation of progeny virons™”” and 
is therefore required for multicycle growth in tissue culture 
and perhaps in the host animal. Since the degree of cleavage 
of the haemagglutinin varies between different influenza 
strains and in different cell types’’’”, Klenk’? has suggested 
that cell proteases may play an important part in the host 
range and spread of infection of these viruses. The patho- 
genicity of influenza viruses however, seems to be influenced 
by additional factors. Rott ef al.** have shown that the 
pathogenicity of fowl plague virus (an avian influenza A 
virus) is not exclusively dependent on the haemagglutinin 
nor on the other surface glycoprotein, the neuraminidase, 
and have suggested that an optimal combination of genes is 
necessary. Of considerable importance in determining 
whether a virus has the capacity to become a virulent 
pathogen would be a gene controlling its host range. 
Although the above already recognised factors are of 
undoubted importance, the presence of the correct host 
range gene would be an essential prerequisite for the 
emergence of a new strain virulent for a given host. This 
paper demonstrates that a single gene in influenza can 
effectively control host range as measured by plaque forma- 
tion in tissue culture monolayers. 

Two avian influenza A viruses (fowl plague virus; FPV) 
strains Rostock and Dobson were used. Both strains form 
clear plaques on chick embryo fibroblasts (CEF) but only 
EPV Dobson forms plaques on the mammalian derived 
BHK cells. Differences in the ability of influenza strains to 
form plaques is not uncommon, for example, A/WSN strain 
forms plaques in MDCK cells and CEF, whereas 
A/PR/8/34 strain forms plaques in MDCK cells” but not 
CEF". This phenomenon in many cases, however, has 
previously been attributed to the properties of the viral 
haemagglutinin and its degree of cleavage in the different 
cell types. In fact, plaque formation in vitro can be induced 
artificially in some cases by the addition of a proteolytic 
enzyme, such as trypsin, to the overlay medium”, 

The ability of FPV Dobson to form plaques in BHK cell 
monolayers did not depend on the properties of the haemag- 
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Table 1 Genotypes and plaque assay titres of FPV Rostock and FPV Dobson parents and recombinants 
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Parental origin of proteins 


Virus P, P, and P, HA NP 
Rostock R R? R? R R 
Dobson D D? p* D D 
Recombinants 
Di47e-~1 R R? R3 R R 
DilJS4-5 R R? R* D R 
DiVStic-2 R R? R? R D 
o Di39e-5 D R? R. R D 
~DiMnSc-1 D p? R? R R 
DiMnsc-3 R D> R” R D 
D139c-7 ? Rt R? R D 
Did4de—-4 D p» R? R D 
Dd45—n R D R? D D 
DMi4d-2 R p? R? R D 
Did4c— R Dp? R D D 
DiMn5c-6 pD pD? R? D D 
R47i-2 D p- R? D D 
Dd45-3 D D? RŽ D D 
D144-7 D D* Re R Dp 
Dd45~-e D D R2 D D 


The parental origin of proteins was 
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polypeptides", and their RNA segments of known coding function® ™. 


nucleoprotein; NA, neuraminidase; M, matrix protein; NS, non-structura 


D*, Dobson Pa; R?, Rostock Ps; R”, Rostock Pa. 


Plaque titres 
B 


M NS CEF 

R R 9,5 x 10’ 0 

D D 1.4 x 10° 8.0 x 108 
R D 7.5 x 10° 0 

? R 1.8 x 108 0 

? R 1.3 x 108 0 

? R 1.9 x 108 0 

2 R 2.6 x 108 1.4 x 10° 
? R 1.9 x 10° 1.5 x 108 
? D 1.2 x 108 0 

R R 9.0 x 10° 1.0 x 108 
3 R 4.3 x 10 0 

? D 2.9 x 108 1.6 x 108 
? D 3.3 x 10° 5,5 x 10° 
? D 4.5 x 108 2.3 x 108 
? D Li x 10° 0 

? D 6.0 x 107 0 

D D 2.3 x 10° 1.9 x 107 
pD D 2,4 x 107 0 


es 
determined for each recombinant by examining the electrophoretic mobilities of their infected cell 


HA, haemagglutfnin; NP, 


Pis g Polymerase associated proteins’, 
Dobson P,; 


| protein 1; 0, no detectable plaques at any dilution. D2, 
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glutinin but on the presence of a gene coding for one of 
the polymerase associated proteins, P3. The method used 
involved the construction of recombinants between FPV 
Dobson and FPV Rostock and the determination of the 
parental origin of each gene or gene product in these 
recombinants, as has been described previously". Several 
such hybrids have been tested for their ability to form 
plaques in BHK cell and CEF monolayers. The plaque titres 
obtained, together with the genotype of each recombinant 
are shown in Table 1. In Table 1 the polymerase-associated 
proteins P, Py and P4 are numbered purely on the order of 
their electrophoretic mobilities in polyacrylamide gels*‘:'’, 
and, because mobilities of proteins vary between different 
influenza virus strains’’’’’, it is not necessarily valid to 
assume that the three P proteins will migrate in the same 
order in all strains. Extensive recombination studies in this 
laboratory have shown that the P+ of Rostock and the P, of 
Dobson are functionally equivalent. Therefore any recombi- 
nant involving these two proteins will have either Rostock 
P: and Dobson P: or Rostock P, and Dobson Ps. In Table 1, 
therefore, D’ and R? refer to the Dobson and Rostock P, 
proteins respectively, and D? and R’ to the P; proteins. All 
the recombinants that form plaques in BHK cell mono- 
layers have the Dobson P; protein (D"): this is the only viral 
gene product common to all the BHK plaque-forming 
recombinants. Furthermore the haemagglutinin (HA) is not 
involved in this control since recombinants which possess 
the Dobson P, protein form plaques on BHK cells irrespec- 
tive of the origin of the HA (for example, DiMn5c-1, and 
Di44c-1) and recombinants which lack this protein but still 


Fig. 1 Pulse chase experiments: Tracks (a) show FPV Rostock 
and FPV Dobson infected cell polypeptides synthesised during 
a 1I5-min pulse with *S-methionine at 4 h after infection. 
b, Similar samples which have been ‘chased’ for 45 min by 
adding medium containing cold methionine after removal of 
the label. Samples were prepared and subjected to polyacryla- 
mide gel electrophoresis as described by Inglis er al.*. 


Dobson Rostock 
a b a b 
1 d I 4 
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possess the Dobson HA, are unable to form plaques. Also 
pulse chase experiments of infected cell polypeptides (Fig. 
1) suggest that the HA of FPV Rostock is cleaved in BHK 
cells even though it cannot form plaques. 

These results strongly suggest that the gene coding for 
the P, protein of Dobson confers the ability to undergo 
multicycle growth in BHK cell cultures. Further experi- 
ments are necessary to establish the exact function of this 
protein in the infectious cycle but the results of Palese 
et al.” suggest that it may be important in the synthesis of 
virion RNA. The fact that the equivalent protein, P> of 
FPV Rostock, although synthesised, does not function cor- 
rectly in these mammalian derived cells, may imply a 
specific host factor interaction with this protein. 

It is possible that mutations in other viral genes will be 
shown to affect selectively multiplication in particular cell 
types and that the above observations merely reflect the 
host range limitation of the FPV Rostock strain. On the 
other hand, the viral gene product recognised here may be 
a common host range controlling factor in all influenza 
viruses. If this is so, the study of its mechanism of action 
should lead to a better understanding of host-—virus inter- 
actions which occur in influenza virus multiplication”, 
and the gene coding for this protein (gene 1) would be 
worthy of special consideration in the construction of 
attenuated recombinant viruses for use as live vaccine in 
man. 
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Foot-shock induced stress increases 
-endorphin levels in blood but not brain 


FOOT-SHOCK induced stress promotes a five to sixfold increase in p- 
endorphin plasma levels. Similar increases were also found for 
ACTH plasma levels. In the hypothalamus, foot-shock induced 
stress promotes a decrease of f-endorphin assayed by radioim- 
munoassays. These data suggest that physiological increases in 
plasma -endorphin levels induced by stress do not result in 
elevated levels of brain B-endorphin. 

Akil er al.' have shown that acute stress induced by inescapable 
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Fig. I a, Stress and plasma levels of ACTH and f-endorphin. Rats (Sprague Dawley, male 200 g) were stressed by exposure for t h to inescapable electric 
foot shocks (I mA, | s duration, at random 12 per min). Directly after the end of the stress period, they were decapitated and the trunk blood was 
collected on EDTA, After immediate centrifugation, the plasma was frozen until RIA. Randomised controls from the same lot of animals were killed at 
the same time (10 a.m.) directly after their removal from their cages. Their plasma samples were processed together with the samples of the stressed 
animals. b, Time course study of blood levels for ACTH ( x ) and f-endorphin ( @) after stress. A jugular cannula was implanted in the right jugular-of a 
rat (Sprague Dawley, male 200 g). The cannula was flushed each day with a solution of heparin. Three days after the surgery, the stress experiment as 
described in Fig. la was performed. The rat was placed in the experimental Perspex box one hour before the first electric foot shock. Blood samples were 
drawn | hand | min before the first shock and at the subsequent times indicated and were processed as described above. 


electric foot shock promotes analgesia in rats and that this 
analgesic effect of stress was partially reversed by naloxone, a 
morphine antagonist. Simultaneously with that report, the ex- 
plosion of observations began which characterised the en- 
dogeneous brain peptides with opioid activity enkephalins?“ and 
endorphins* ê. Therefore, it was tempting to seek correlations 
between the stress-induced analgesia and the levels of the brain 
opioid peptides. Madden er al. reported that levels of opioid 
brain materials were increased after stress. That study, however, 
used radio-receptor displacement assays which can not distin- 
guish among the several endogenous peptides which share this 
biological property in vitro. Therefore, it was revealing when 
Fratta et al.® using a radioimmunoassay for Met°-enkephalin, 
were unable to detect any increase in brain immunoreactive 
material after stress. However, they proposed that another opioid 
peptide, B-endorphin, could have been mobilised from pituitary 
by stress to accumulate in brain tissue. 

We have observed here that which f-endorphin is mobilised 
from the pituitary during stress and accumulates up to sixfold in 
plasma, the released -endorphin does not accumulate in brain. 
On the contrary, hypothalamic levels of B-endorphin are slightly, 
but significantly reduced after the same 30 min episode of electric 
foot-shock stress. 

Double antibody radioimmunoassay (RIA) for f-endorphin 
was previously described? '°. The RIA is specific to the 
Leu'*~His?’ segment'®. As f-endorphin is the C-terminal 31 
amino acid fragment of f-hpotropin, this REA could reflect any p- 
lipotropin in our samples. The 31,000 MW pre-prohormone 
isolated from clonal cultures of mouse adenohypophyseal tumour 
cells can also be read in this f-endorphin RIA'!. Nevertheless, gel 
filtration sizing experiments have shown that the B-endorphin 
immunoreactivity in our samples (plasma and hypothalamus 
extracts) was associated mainly with a compound eluting in a 
pattern non-distinguishable from the one of synthetic g- 
endorphin'?, ACTH RIA was performed using a procedure 
previously described! >, 


Two series of rats (Sprague Dawiey, male, 200 g) were stressed 
by inescapable electric foot shock (1 mA, | s duration, at random 
12 shocks per min) during 30 min or | h. Such treatment clearly 
produces stress as shown by a more than three-fold increase in 
both f-endorphin and ACTH plasma concentration (Fig. la). 
The peak of the stress-induced secretion was found 10 min (Fig. 
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Fig. 2 Hypothalamus content in opioid peptides’after acute stress, 
Two stress protocols were used. In experiment I (Expt D animals 
were stressed exactly as in the protocol described in Fig. la. In 
experiment H (Expt If) the foot shocks were given for only 30 min 
and after a delay of 15 min after the shocks the animals were killed. 
In both experiments, brains were quickly removed and dissected as 
outlined by Glowinski & Iversen ”. The tissues were frdven on dry 
ice, weighed and poured in 2 ml of | M acetic acid prehegted to 
98 °C. After 15 min in the boiling bath, the tissues were homogenised 
{polytron, setting 6,10 s). After centrifugation (1.000g for I h) the 
supernatant was neutralised with 1 M NaOH and frozen before 
RIA. Results are expressed in ng per g of tissue. 
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1b) after the start of the foot shocks for both ACTH and £- 
endorphin which are secreted concomitantly in equimolar amou- 
nts, as previously reported'*. Brain levels of B-endorphin were 
measured after 1h of stress. No significant differences were 
observed in any brain region except in hypothalamus where the 
concentration of B-endorphin immunoreactivity was decreased. 
This difference, however, was not statistically significant. The 
stress experiment was then repeated, using a protocol identical to 
that of Akil et a/.' consisting of foot shock for 30 min followed by 
a delay of 15 min before killing. With this protocol, again, a 
decrease in -endorphin immunoreactivity was observed only in 
hypothalamus, and this difference was now statistically signi- 
ficant. No difference was observed in the other parts of the brain, 
pituitary, or pineal. 

Stress or acupuncture stimulation are reported to induce 
analgesia which is in part reversed by naloxone! +516, Our results 
here indicate that while the analgesia may be concurrent with an 
increase of the secretion of B-endorphin from the pituitary into 
blood, the brain content of f-endorphin shows decreased content 
in hypothalamus and no change elsewhere. This decrease could 
most simply reflect the net effect of the release and degradation of 
the f-endorphin peptide from hypothalamic nerve processes. 
Indeed f-endorphin is stored like a neurotransmitter in neurones 
(ref. 12 and to be published). Nevertheless, we cannot with 
confidence correlate our findings with the mechanisms involved in 
pain suppression. Although intravenous infusion of B-endorphin 
induces analgesia in mice at doses of 8 mg kg™! or more!7-!8, we 
find no analgesia in rats after even higher doses. Also, the blood 
concentrations reached by such doses would be more than three 
orders of magnitude higher than the sixfold changes observed 
after the physiological shifts with stress observed here. Further 
work is required to establish whether endocrine secretion of 
pituitary B-endorphin and ACTH are causally related to the 
central analgesia produced by stress or whether hypothalamic p- 
endorphin content is depleted as a result of the behavioural 
disturbances evoked by our catastrophic stimuli. The present 
observations suggest, however, that increased blood levels of f- 
endorphin are not reflected by increases in brain B-endorphin. 
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Naloxone alters pain perception 
and somatosensory evoked 
potentials in normal subjects 


THE discovery of opiate-like peptides (endorphins) in brain, 
blood and cerebrospinal fluidi 4 raises questions as to the 
physiological role of these substances. Given the prominent 
analgesic effects of opiates, the regulation of pain perception is a 
candidate for endorphin action. Endorphins microinjected into 
the periacqueductal grey matter of rats induce analgesia which is 
reversed by naloxone, a pure narcotic antagonist*. If endorphins 
play an active part in the regulation of pain, then naloxone 
administered to man should alter pain appreciation. Naloxone 
has not been shown to have analgesic, respiratory, euphoric, 
pupillary or electroencephalogram (EEG) effects in man®. Studies 
in rats” and one early study in man? have suggested slight 
hyperalgesic effects with naloxone. El-Sobky er al.!° failed to 
demonstrate naloxone effects on electric shock pain judgments in 
five subjects. In the experiments reported here, subjects were 
divided into pain sensitive and pain insensitive subgroups. The 
insensitive subjects found shocks significantly more painful after 
naloxone administration while the sensitive group experienced 
them as less painful. Evoked potentials showed similar significant 
group differences. These results suggest that individual differences 
in pain sensitivity may relate to differences in an endorphin 
system. 

Normal adult volunteers (10 male, 11 female; mean age 20 yr) 
gave informed consent and participated in three similar experi- 
mental sessions, Each session consisted of two psychophysiologi- 
cal pain rating tests and a pain somatosensory evoked potential 
(EP) test. The initial session was for familiarisation and no drug 
was given. On the following two sessions the subjects either 
received an intravenous injection of 2.0mg naloxone 
(0.4 mg ml” ') or an equal volume of saline (0.9%) in a random 
order and double-blind fashion. Experimental procedures began 
5min after injection and lasted 20 min. All procedures involved 
single shocks administered to the left forearm by a computer- 
controlled constant current stimulator with a Tursky electrode!!. 
Subjects received three shocks at each milliamperage increment 
from | to 31 mA for a total of 93 shocks in a random sequence at 
2.5-s intervals. Subjects rated each shock in one of four cat- 
egories; noticeable, distinct, unpleasant or very unpleasant. 
Signal detection analysis yielded two pain measures: a nonpara- 
metric analogue of response criterion and a sensitivity level'*. The 
sensitivity measure has been associated with pharmacological 
analgesia'* and response criterion related to suggestion effects! 5. 
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Fig. I Pain counts (unpleasant plus very unpleasant subjective 


ratings) illustrated as the difference between naloxone and placebo 
days for each individual studied. Positive differences thus indicate 
more stimuli rated as unpleasant or worse on naloxone than on 
placebo. Subjects were divided into pain-insensitive and pain- 
sensitive groups on the basis of a sensitivity measure derived from 
signal detection analysis during a separate pre-drug trial session. 
Note that no pain-sensitive subject became more sensitive on 
naloxone while most pain-insensitive individuals did (groups signi- 
ficantly different by 7 test on individual difference scores P < 0.05). 
Two subjects were excluded because no stimulus was rated above 
distinct on the familiarisation day and thus the sensitivity could not 
be calculated. Open bars, pain-insensitive subjects; solid bars, pain- 
sensitive subjects. 
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Fig. 2 Meanevoked potential amplitude in uV for negative peak at 
about 140 ms at four stimulus intensities for pain sensitive and 
insensitive subject groups. Note EP differences at highest stimulus 
intensities. Data were analysed using a three-way analysis of 
variance with repeated measures for the intensity and drug dimen- 
sions and independent groups for the third dimension; linear trend 
analysis was used on the intensity dimension. Group differences were 
statistically confirmed (group xdrug xintensity interaction, 
“aed 45. 1, 17 df P < 0.05). EP differences between sensitive and 
insensitive groups on placebo can also be seen. a, Pain-insensitive 
group. b, Pain-sensitive group. Solid lines, naloxone; broken lines, 
placebo treatment. 


In addition, we computed the mean amperage associated with 
each stimulus category and we counted the number of responses 
out of the total of 93 judged unpleasant and very unpleasant 
(termed ‘pain counts’). The evoked potential procedure used four 
stimulus levels (2, 9, 16, and 23 mA) presented 64 times at l-s 
intervals in a random order; EEG was recorded from vertex and 
somatosensory cortex (C4) and averaged separately for each 
intensity’*. Evoked potential (EP) amplitude was measured for 


negative N140 (116-152 ms) and a positive P200 (168-248 ms)! ?. 

Subjects were divided into pain sensitive and pain insensitive 
groups based on whether their pain sensitivity level on the 
familiarisation day fell above or below the mean of subjects used 
in two previous pain studies'?:'*, Individuals so defined as pain 
insensitive showed naloxone hyperalgesia. They rated stimuli of 
lower millamperage as unpleasant and judged a higher number of 
the 93 stimull as unpleasant after naloxone administration, 
whereas pain sensitive individuals showed the opposite effect (Fig. 
l). Familiarisation session sensitivity significantly predicted “pain 
count’ changes between placebo and naloxone (r = 0.49, 
P < 0.05). While both the sensitivity and the response criterion 
measures similarly indicated greater naloxone hyperalgesia in the 
pain insensitive group, neither measure reached statistical signi- 
ficance. But, the distinct/unpleasant response criterion determined 
for the familiarisation session did predict the change by naloxone 
in the mean milliamperage for the very unpleasant category 
(r = —0.47, P < 0.05). 

Similar group differences were seen for EP results (Fig. 2). Peak 
N140 amplitude for the vertex lead increased following naloxone 
by 0.36 4V in the insensitive group but decreased in the sensitive 
group (group by drug interaction, F = 4.47, 1,17 d.f. P < 0.05). 
In EPs recorded from C4, this effect was especially pronounced at 
the highest shock intensities. EP latency was also significantly 
shorter after naloxone in the insensitive group especially at low 
intensities for P100, N140 and P200 (analysis of variance on each 
of three peaks, P < 0.05, group by intensity by drug interaction). 
The sensitive group showed increases in latency at low intensity 
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for all three peaks. The groups as divided on the pain sensitivity 
measure also differed in the rate of increase in EP amplitude with 
increasing stimulus intensity of the C4 P100 component; pain 
insensitive individuals showing lower amplitude/intensity slopes 
(F = 4.27, linear trend effect P < 0.05). This pattern has been 
referred to as ‘reducing’ and previously reported in other pain 
insensitive groups'°. 

When subjects were examined as a single group (Fig. 3) the 
P100 latency for the lowest intensities was significantly decreased 
following naloxone. The N140 component of the EP also de- 
monstrated shorter latency for all subjects after naloxone 
(F = 3.17, P < 0.05) with no effect in P200 latency. Neither 
sensitivity nor response criterion measures for the 
distinct/unpleasant division were significantly different between 
drug conditions. Naloxone administration also failed to change 
the mean EP amplitude across intensities or the 
amplitude/intensity slope for P100, N140 and P200. 
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Fig. 3 Mean evoked potential latency in ms for the positive 

component at about 100-ms post-stimulus for naloxone and placebo 

conditions for all 21 subjects. This effect was statistically confirmed 

by 2-way ANOVA, (F =6.41, drug by intensity interaction, 1, 

20 d.f., linear trend effect, P < 0.05). Solid line, naloxone; broken 
line, placebo treatment. 


Our finding of naloxone effects on pain response supports the 
hypothesis that the endogenous opiate-like substances have a 
physiological role in pain regulation. The finding of group 
differences both in EPs and in subjective ratings is not merely a 
statistical artefact as a totally independent session was used to 
categorise the subjects, and as both groups changed it does not 
seem to reflect only response ceiling or floor effects. Individuals 
with relatively higher levels of endorphins, relatively more opiate 
receptors or relatively more highly developed pain inhibitory 
pathways might be more naloxone responsive. H these factors 
were the only source of individual variation, however, one might 
have expected to see only the pain insensitive group respond to 
naloxone, rather than the bidirectional effects observed. Lasagna” 
noted a “strange biphasic quality” of naloxone response with 
2 mg apparently causing analgesia but higher doses having hyper- 
algesic effects. Similarly supporting bidirectionality, Leybin et 
al.'” found an unexpected increase in the perception of pain in 
rats given the endogenous opiate Met-enkephalin. Bidirectional 
effects may reflect individual differences in the f unctional activity 
of complementary pain modulation systems, rather than a dose 
dependent effect at receptor sites. A primary analgesic action of 
endogenous opiate-like substances similar to the actions of 
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exogenous opiates is not clearly supported by our data. The 
bidirectional effects observed here and elsewhere suggest a mod- 
ulatory rather than strictly analgesic role for endorphins. 
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Do snail neurones contain 


more than one neurotransmitter ? 

THE 5-hydroxytryptamine (5-HT) present in the giant neurone in 
each metacerebral ganglion (GSC) of the snail, Helix pomatia, is 
probably a transmitter’ ~>. The neurone also contains acetyl- 
choline*, a putative transmitter and its synthesising enzyme, 
choline acetyltransferase (Ch.Ac., EC 2.3.1.6) (ref. 5). These 
observations, together with a report showing multiple putative 
transmitter substances in certain Aplysia neurones®, have resulted 
in several challenges*’®:’ of the validity of Dale’s hypothesis that 
each neurone contains and releases only one transmitter. The 
GSC is found in other gastropods, in every case containing 5-HT 
(refs 9,10); there is high Ch.Ac. activity in Helix*, but in Aplysia 
the enzyme is absent!! or present in trace amounts’. All previous 
work on Helix neurones has been carried out on hand-dissected 
GSCs, and so contamination from glial and other small neurones 
must always be considered (see ref. 12). Ifa neurone is considered 
to be spherical, a slight increase in the radius would result in a 
substantial volume of substance being trapped between the 
neuronal membrane and the contaminating membrane. The 
isolation process is thus of critical importance. I have reanalysed 
the neurone for a spectrum of transmitters to investigate whether 
the GSCs can synthesise ‘common’ transmitter substances. A 
neurone-designated cell 217:°''*, situated on the posterior—dorsal 
surface of the visceral ganglia and known to contain high levels of 
Ch.Ac. was also examined for comparison. I show that the GSC 
contains only 5-HT, with no significant Ch.Ac., and that it also 
contains trace amounts of dopamine and histamine. 

Single neurones were dissected from fresh snails (Helix pom- 
atia) caught locally and the isolated perikarya were freed from 
adhering tissue with special care'*. Four neurones of each type 
were placed in 10-yl capillary tubes containing snail physiological 
saline'* and then washed thoroughly by centrifugation and 
removal of the supernatant. This process was repeated and the 
neurones analysed for their histamine'®, octopamine'®, dop- 
amine and noradrenaline'’, Ch.Ac. (ref. 18), 5-HT (refs 12, 19, 
20) and amino acid content!*"'”. 

A second series of experiments tested the ability of the two 
neurone types to synthesise transmitters. Circumoesophageal 
ganglia were incubated in | ml of snail saline'* with 30 4M of 
previously purified *H-precursors (all with specific activities of 
12-23 Ci mm®1~ $) to transmitters for 60 min at 26 °C and in- 
dividual cells dissected’. Groups of four cells were washed twice 
with physiological saline and homogenised in their capillary 
tubes in 50°% acetone containing 0.1 N HCI. After centrifugation, 
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the supernatants were analysed by two-dimensional chromato- 
graphy on silica gel plates for amine transmitters (see Fig. 1) or by 
one-dimensional chromatography on cellulose plates for acetyl- 
choline (see Table 2). 

The results show clearly (Table 1) that the only putative 
transmitter present in unique and high concentrations in the GSC 
is 5-HT, thus differing from the report of Hanley er al.* that the 
neurone also contains high amounts of Ch.Ac. The assay con- 
ditions for Ch.Ac. might not have been optimal, but this was 
taken into consideration. Moreover, the activity of Ch.Ac. found 
in cell 21 is of the same order as that found by Hanley ev a/.°. The 
GSCs also contain trace amounts of histamine and dopamine, as 
does cell 21, which also has a minute amount of 5-HT. Since it is 
impossible to dissect an absolutely ‘clean’ neurone because of glial 
investment, adhering satellite cells and exogenous substances 
released from other damaged cells'*, and since highly sensitive 
assay procedures are used, the back ground noise due to impurities 











Fig. 1 a, A chromatogram (precoated silica gel 5 x 5cm) and b, a 
corresponding map to show the relative positions of various trans- 
mitter substances and precursors separated in two solvent systems. 
The directions of chromatography are indicated by the arrows and 
the solvent systems used were butanol—acetic acid--water (15:3:5 by 
vol.) in the first direction and butanol-pyridine-acetic acid--water 
(15:2:3:5 by vol.) in the second direction. The substances were 
visualised on the chromatograms by initial exposure to parafor- 
maldehyde vapour for 30 min at 80 “C followed by spraying with 1% 
potassium ferricyanide in ammonium hydroxide solution. After 
drying, the substances were sprayed with ninhydrin solution. S, 
Starting point; 1, glutamate: 2, GABA: 3, DOPA; 4, 5- 
hydroxytryptophan; 5, tyrosine; 6, tryptophan; 7, noradrenaline: 8, 
dopamine; 9, 5-hydroxytryptamine; 10, octopamine: 11, tyramine. 
Individual spots were then removed from the chromatogram, the 
substance was eluted with methanol and the amount calculated by 
scintillation spectrometry and, assuming the specific activity of the 
products to be equal to the *H-precursor, added to the ganglia at the 
start of the incubation. Recovery of all tritiated substances was in the 
range of 60-80%. Cell 21 did not metabolise *H-tyrosine, *H- 
tryptophan or *H-tyramine but the GSCs formed *H-5- 
hydroxytryptophan and 3H-5-HT from the *H-tryptophan. The 
possibility of the formation of, °H-GABA from glutamate was not 
tested, since whole brain tissue cannot form GABA. 
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Table | Transmitter candidates in GSCs and cell 21 of Helix pomatia 





Substance Concentration in the GSC Concentration in cell 21 Procedure used (ref.) and sensitivity actually achieved 

5-Hydroxytryptamine 38x107 M 2x107” M ref. 20 500 pg and dansyl method’? 100 pg 

Histamine 2x10°"M IOE M ref. 15 100 pg 

Octopamine N.D. N.D, ref. 16 50pg 

Dopamine 8-107°M 3x10 #*M ref. 17 50pg 

Noradrenaline N.D. N.D. ref. 17 50pg 

Ch.Ac. 0.2 pmol per cell per h 61 pmol per cell per h ref. [8 Blank corresponded to 1°, of radioactivity in 
incubation medium 

Glutamate 6x 10°*M : x ae M 

Aspartate 7x 107° M 9x 107° M PeR 19 

Glycine 5x 1074 M 59x 1074M Dansyl method 100 pg 

Taurine 6x 107M 6x10°°M 





The total volume of each cell type was estimated by measuring the diameters of a number of cells (mean diameter of both cell types 120-140 jam) under 
light microscopy. It was found that the GSC and cell 21 had volumes of 1.2 nl. The molarity (results reported for 5-7 determinations; in each experiment 
four neurones were pooled) of each substance in the two neurone types could then be calculated. 


N.D. = not detected. 


will tend to be amplified. It is therefore suggested that the trace 
amounts of histamine, dopamine and Ch.Ac. in the GSC are 
artefacts. Interesting in the original publication of Emson et al. > 
is a note describing the activity of Ch.Ac. in the GSCs as ‘small’, 
whereas in the later publication? the Ch. Ac. activity in the GSC is 
of the order of 21 pmol per cell per h. The concentration of the 
putative transmitter amino acids in both cell types was similar, 
suggesting that they do not have a transmitter function in these 
neurones. 


incubation solution had no effect, substantiating previous data’. 
These results suggest that the GSCs produce and contain one 
putative transmitter substance, 5-HT, and not ACh. Celi 21 
seems, in contrast, to use only ACh. The question of whether 
multiple neurotransmitters exist in neurones*”® should therefore 
be reassessed critically, especially when the evidence is biochemi- 
cal and drawn from hand-dissected neurones, where the degree of 
error may be magnified. Trace quantities of substances could be 
endogenous in origin, since from the evolutionary point of view, 





Table 2 °H-ACh and *H-5-HT formed from 30 um *H-choline or 7H-tryptophan 


*H-ACh., fmol 3H-5-HT, fmol 


Without eserine With eserine Without pargyline With pargyline 
per GSC 0.2+0.2F 0.5+0.2F 9+0.9 9+1 
(12) (12) (5) (5) 
per cell 21 18+ 3+ 56 + OF 0.2+0.2* 0.2 +0,2* 
(12) (12) (5) (5) 
per cerebral ganglion 3,000 + 105 4,900 + 195 7Ti+4 69+5 
(3) (3) (3) (3) 


Se a aa E ce ee ea ee St oe ete 
All values are +s.e.m. with the number of determinations (in each determination four neurones were pooled) in parentheses, and were calculated by 

taking into consideration the specific activity of the *H-choline and *H-tryptophan. >H-Amine neurotransmitters were fractionated from other 

substances by two-dimensional chromatography on 5 x 5-cm precoated silica gel plates (see Fig. 1) while °H-ACh was separated from *H-choline by 

single-dimensional chromatography on 5 x 5-cm precoated cellulose plates using the solvent system butanol~ethanol-acetic acid—water (8:2:1:3 by vol.). 

*H-ACh was visualised by iodine vapour and eluted from the chromatogram with methanol, and the absolute amount of 73H-ACh calculated by assuming 

the specific activity to be equal to *H-choline added to the ganglia at the start of the incubation. Recovery of *H-choline and *H-acetyicholine was 85°, 
*Not significantly different from blank values (Student's 7 test P > 0.05). 


t Significantly different from experiments without eserine and with blank values (Student's ¢ test P< 0.05). 


The results of the second series of experiments supported the 
first. Initial experiments showed that snail ganglia can synthesise 
SH-ACh, *H-5-HT, 7H-dopamine and 7H-octopamine from their 
precursors, but not 7H-GABA or *H-noradrenaline, thus con- 
firming previous results’. The amount of 7H-ACh formed was 
approximately 50-fold that of any other *H-transmitter, Cerebral 
ganglia contained ~ 3 pmol of *H-ACh per ganglia after in- 
cubation with 30 4M *H-choline (Table 2), but only 0.07 pmol of 
°H-5-HT, 0.06 pmol °H-dopamine or 0.03 pmol 7H-octopamine 
following incubation with 30 4M 7H-tryptophan, °?H-tyrosine or 
*H-tyramine. The amount of *7H-ACh formed was further in- 
creased when incubated with 1074M eserine (see Table 2). This 
study showed that small amounts of “H-transmitters could be 
detected in specific neurones, especially if the cells produced ACh. 
In fact, “H-ACh was readily detected in extracts of four isolated 
cell 21 neurones removed from ganglia previously incubated with 
*H-choline (Table 2). In contrast, only a trace amount of 7=H-ACh 
was found in extracts of either four or eight pooled GSCs. Since 
the limit of resolution of these experiments was of the order of 
0.3 fmol of °H-ACh, about 2°, of the level in a single cell 21, the 
inability to detect *~H-ACh in the GSCs is probably not due to a 
lack of precursor, but to the absence of the synthetic enzyme. 
Inclusion of eserine in the incubations (Table 2) produced a very 
small but statistically detectable quantity of 7H-ACh in the GSCs, 
and the amount of *H-ACh in the cell 21 was increased by a factor 
of 3. 

The only other transmitter synthesised by the neurones was °H- 
5-H 'T which was limited to the GSCs, producing about 9 fmol °H- 
S-HT. A monoamine oxidase inhibitor (paragyline 10° * M)in the 


ai] neurones are expected to contain the same genetic machinery. 
It will then remain to demonstrate that they are of physiological 
significance® and ask why neurones, which use the same transmit- 
ter substance, nevertheless, metabolise 100-fold different con- 
centrations of the substance. 

I thank Professor Neuhoff for his support. 


NEVILLE N. OSBORNE 
Max-Planck Institut fiir 
experimentelle Medizin, 
Forschungsstelle Neurochemie, 
3400 Göningen, FRG 


Received å July: accepted E8 October 1977, 


L Osborne, N. N, in Biochemistry of Charvacterised Neuran ted. N. N. Osborne) (Pergamon. 
Oxford, inthe press). 
2 Cottrell, G. A, Veeroscience 2,4 8 1977), 
3. Gerschenteld. H. M. Phased Rev 83,1- EEO CEST AY, 
4. Hanley. MOR. & Courell. G, A, J. Pharm. Phormac. 26, 980 (E974). 
S. Hanley. M R. Courell G. A. Emson. P.C. & Fonnum. F. Nese 289, 631-633 61974), 
b. Brownse, M. J.. Saavedra. J. M. Axelrod. J., Zeman. G. Ho & Carpenter. D. O. Prac. nam. 
Acad Sci ELNA. 7E 4662 4665 (1974). 
7. Burnstock. G. Neuremetence R 239. 248 (1976), 
S MeCuman R. E & MeCuman Mo Wip Bindogy of Cholinergic Function 488 Sts (Raven, New 
York, 1976). 
9. Osborne, N. N. & Cottrell. G. A. Z. Zetlforscl, 112, 15-30419713. 
IO. Kehoe. J. & Marder. E, A. Rev, Pharmac, Toxicol. 16,245 268 976). 
IL Weinreich, D. MeCamun. M. Wo. MeCunnin, R. E. & Vaughn, J E, J Nonrochemn, 20, 
969 976 (1973). 
H Osborne, NON in Wicracdeniend! Analysis of Nervous Thanet Pergamen, Oxford, 1974). 
3. Emon, P. C. & Fonnum, F.A Nenrochem, 22, (079. 1088 (1972). 
14. Meng, K. Zool, Fuir 68, 193-204 (1970). ° 
iS. Snyder S. H.. Baldessarini, R. & Axelrod, J. Pharmac. cap. Ther. 154, 549-554 (1966). 
i. Mohnofl P. C.. Landsberg, L. & Axelrad. 4 J. Pharmac. exp. Ther, 170, 234 MBE L969). 
17. Palkovits. M.. Brownstein, M, Saavedra. J. M. & Aseirod. J. Brain Rex. TR A3? 449 (1974). 
IX. Fonnum, Eo Neuraehen:. 24, 407-410 C1978). 
1) Osborne. N, N. in Progress in Neurobiology I {eds Kerkut. G. A. & Phillis. J. Wo) 301-332 
(Pergamon, Oxford, (973). 
20. MeCumiun, M. W., Weinreich, D. & McCainan. R. E. Hram Res. $3,129. 13744973). 


624 








a adrenoreceptors but not B adrenoreceptors 
increase in rabbit uterus with oestrogen 


STEROID hormones alter sympathetic function and modulate 
responses to catecholamines’. The gonadal steroids, 
oestrogen and progesterone, can affect sympathetic response 
by altering catecholamine metabolism, and, in addition, 
they produce qualitative changes in the contractile response 
of smooth muscle to stimulation by adrenaline and nora- 
drenaline**. The response of human oviduct and uteri from 
several species changes from contraction to relaxation 
depending upon the concentrations of gonadal steroids. 
Contraction, which is mediated by a-adrenergic receptors, is 
observed in uteri from oestrogen-treated humans or rabbits, 
while relaxation, a #-adrenergic response, predominates 
during pregnancy or with progesterone treatment. Conver- 
sion between a and 8 response, depending on hormonal or 
other environmental factors, has prompted the hypothesis 
that a- and -adrenergic receptors may be interconvertible’”’. 
We used the radioligands *‘H-dihydroergocryptine (DHE) 
and **]-iodohydroxybenzylpindolo! ([**I]IHYP) to quan- 
titate a- and B-adrenergic receptors respectively in subcellu- 
lar preparations of uteri from rabbits treated with oestrogen 
or oestrogen followed by progesterone. a-Adrenergic 
binding sites were three times greater in uteri from the 
oestrogen-treated animals in which a-adrenergic response 
was predominant than in uteri from animals treated with 
oestrogen followed by progesterone in which #-adrenergic 
response predominates, The number of -adrenergic binding 
sites was unchanged by the different treatments and these 
sites were only 5% as numerous as a-adrenergic sites. 
These findings suggest that gonadal steroids may alter 
smooth muscle adrenergic response by alterations of 
adrenergic receptor number and do not support the hypo- 
thesis that a- and B-adrenergic receptors are simply inter- 
convertible. 

After injecting immature New Zealand rabbits intra- 
muscularly with 150 ug estradiol benzoate for 4d, we 
prepared myometrial strips and examined isometric muscle 
contractility in vitro. Such strips exhibit spontaneous con- 
tractile activity, and contractions are increased in force and 
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frequency when 5X10°°M noradrenaline is added. The 
stimulatory effect is inhibited by the a-adrenergic antagonist 
phentolamine (10°°M). When the 4d of oestrogen treat- 
ment is followed by 4d of treatment intramuscularly 
with 10mgd™' progesterone, 5x10°°M noradrenaline 


reduces spontaneous myometrial activity. This inhibitory 


effect is blocked by the &-adrenergic antagonist propranolol 
(107° M), 

We prepared a subcellular fraction of myometrium from 
the animals after these treatment caurses and studied bind- 
ing of radioligands for the a- and B-adrenergic receptors 
under identical conditions. Dissociation constants (Ka) and 
numbers of binding sites were determined in equilibrium 
binding experiments (Table 1). Data were normalised to 
DNA content to correct for hyperplasia and hypertrophy of 
the myometrium. 

a-Adrenergic receptors were quantitated with the radio- 
ligand DHE. Williams ef al. have shown, and we have 
confirmed, that binding of this agent is compatible with 
interaction at an a-adrenergic receptor site in rabbit 
myometrium. #-adrenergic receptors were quantitated with 
the radioligand ['*I]THYP, [I]IHYP, a potent 
B-adrenergic antagonist, binds to subcellular preparations 
of several cells in a manner compatible with interactions 
at the B-adrenergic receptor™™, In subcellular prepara- 
tions of rabbit myometrium the binding of ['*I1]1HYP 
shows high affinity (Ky=2x107" M), low capacity 
(71 fmol mg DNA), and is readily reversible (4, =5 min), 
The binding is inhibited by -adrenergic agonists and 
antagonists, the active (—)-isomers being 20 times more 
potent than the corresponding (+)-isomers. The rank 
order of potency of adrenergic agonists for competition 
with ['I]THYP is isoproterenol > epinephrine > nore- 
pinephrine—identical to the order for inhibition of 
spontaneous uterine activity by these agents’. 

Subcellular preparations of myometrium from uteri of 
oestrogen-treated rabbits in which a-adrenergic response 
was predominant had three times as many DHE binding 
sites as did uteri in which #-adrenergic response was pre- 
dominant (progesterone treatment). This change in the 
number of binding sites was not accompanied by a signifi- 
cant change in apparent affinity of the binding sites for the 
radioligand (Fig. 1). Control animals, which were un- 
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Table 1 Dissociation constants and number of binding sites for DHE and [!*51]IHYP in oestrogen- or progesterone-treated rabbits 


DHE binding 
Dissociation 


Number of 


PHIIHYP binding 
Dissociation Number of 


constant binding sites constant binding sites 
(nmol l~) (fmol mg~! DNA) (nmol 17+) (fmol mg ~ DNA) 
Oestrogen 5.1 4-1.1 3,400 + 400 0.21 +0.03 86+11 
Progesterone 8.0+-2.87 1,000 -+ 200* 0.22 +0.02+ 56 -+-9F 
SERIEETAN NANANA I CC NLRRPBRBLLLDLLA ALAN NALLY H CN TALC aAA aa POPU: h ai eirama 
*P <0.001. 
+P >0.05. 


Uteri were removed, scraped free of endometrium and disrupted with a Vertis homogeniser. The crude homogenate was filtered through 
cheesecloth and then centrifuged at 600 and 1,000g for 15 min each. The pellets were discarded after each centrifugation and the resulting 
supernatant was centrifuged at 30,000g for 15 min. The pellet was resuspended in N-2 hydroxyethylpiperazine-N’-2-ethane sulphonic acid 
(HEPES), pH 7.5, 4 mM MgSO,, I mM dithiothreitol (DTT) and used for [= 1]THYP and DHE binding assays. 0.1 ml aliquots of the suspension 
containing 1.8 mg ml ~ protein ([!*I]THYP assay) or 4.4 mg ml ~ protein (DHE assay) were added to 0.1 ml HEPES 50 mM, pH 7.5,4mM 
MgSO, | mM DTT containing increasing concentrations of radioligand (0.1 to 20 times Ka) and 0.02 ml of | mM HCI or 10 uM (—-)-pro- 
pranolol ({!“IIHYP assay) or 10 uM phentolamine (DHE assay) in 1 mM HCI. Incubations were at 30°C for 15 min (DHE) or 60 min 
(PIJHYP assay). Binding was terminated in the P#IJIHYP assay by adding to the incubation solution 1.5 ml of 0. | mM (+:)-propranolol 
in | mM MgSO,, 20 mM K,HPO,, pH 7.5 (wash buffer) and immediately filtering the sample through Gelman A-E glass fibre filters, The 
filters were washed for 30 s with 30 ml of wash buffer at 37 °C. In the DHE assay the incubation was terminated by adding 5 ml of 5 mM 
HEPES, pH 7.5 and 2 mM MgSO, at 23 °C and immediate filtering through Whatman GF/C filters. The filters were then washed with 15 ml 
of the same solution at 23 °C. Specific binding is defined as the difference between binding in the absence and presence of 10 uM unlabelled 
antagonist (propranolol in the [?*°I][HYP assay and phentolamine in the DHE assay). Data were analysed by a nonlinear iterative curve fitting 
program and ‘hormalised to sites per mg DNA”. Results are means of individual site number and Ka determinations from 5 experiments --s.e.m., 


Statistical analysis was by Student’s unpaired z test. 


Parallel experiments were carried out in which the filtrate and wash were collected and refiltered after DHE or ['“I]HYP binding and the 


usual filtration. The refiltration was done three times. More than 90 °% 
first filter. 


of the specifically bound radioactivity of both ligands was present on the 
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Fig. 1 Scatchard analysis of DHE binding experiments with 

particulates from oestrogen-treated (@) or oestrogen followed by 

progesterone-( ©) treated rabbits. Data is normalised to binding 

per mg DNA and points are means of duplicate determinations 
in five experiments with each treatment. 


treated or injected with vehicle instead of progesterone, 
had numbers of DHE binding sites similar to progesterone- 
treated animals, indicating that the sites were increased by 
oestrogen. Quantitation of [T] IHYP binding sites demon- 
strated that -adrenergic predominance in uteri from 
progesterone-treated animals could not be explained by an 
increase in ['“I] IHYP binding sites or by altered affinity of 
the receptor for ['*I]THYP. Indeed, there was a small but 
not statistically significant (0.1>P>0.05) increase in PPT- 
IHYP binding sites in oestrogen-treated uteri (in which a- 
adrenergic response predominates) (Table 1). 

DHE binding sites were 10-40 times more numerous than 
(= 1]1HYP binding sites. The difference in the number of 
a- and B-adrenergic binding sites could not be attributed to 
the filtration procedure used to determine radioactivity 
bound to the myometrial preparation (Table 1). Quantita- 
tion of B-adrenergic binding sites using the lower specific 
activity radioligand °H-dihydroalprenolol also resulted in 
approximately the same number of binding sites as did 
[1] IHYP. Binding studies of the initial homogenate had 
high levels of nonspecific binding but demonstrated similar 
changes in a-adrenergic binding sites with the different 
treatments and confirmed the relative differences in num- 
bers of a- and B-adrenergic sites. In experiments in which 
we used NaF-stimulated adenylate cyclase to monitor mem- 
brane recovery, we found that the differences between the 
number of a- and fB-adrenergic sites could not be attributed 
to differences in membrane recovery. 

The smaller number of myometrial a-adrenergic binding 
sites after progesterone treatment in the rabbit accompanies 
the conversion of a contractile to an inhibitory response, 
and this could be a result of the change in the number of 
binding sites. Whether the change in the ratio of a- to 
B-adrenergic receptor sites from 15:1 to 50:1 in the 
presence of oestrogen is by itself sufficient to change myo- 
metrial response to catecholamines from inhibitory to 
contractile cannot presently be determined. Because 
oestrogen and progesterone, however, have additional 
effects on myometrial metabolism and function”, it is 
possible that the alteration in contractile response results 
from the interaction of several events. The adrenergic 
component of other changes observed during pregnancy or 
treatment with oral contraceptives including cardiac output, 
vascular reactivity and metabolism, may also be influenced 
by such altered response”. Recent studies in liver and 
heart have demonstrated alterations in adrenergic receptor 
numbers in response to glucocorticoids and thyroid hormone 
respectively) 77s, 
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It has been postulated that a- and -adrenergic receptors 
are structurally related and may in fact represent alternate 
configurations of the same active site. The changes in 
numbers of binding sites in oestrogen- and progesterone- 
treated animals cannot be explained by a conversion of B- 
to a-adrenergic receptors. The number of £-binding sites 
was about 5% of the number of a- binding sites and was 
not changed with the addition of progesterone, while a sites 
decreased during progesterone treatment by 70%. If the 
decrease in a@-receptor number was attributable to a conver- 
sion of a to B receptors, up to a 40-fold increase in B 
receptors would have been anticipated. This direct estimate 
of a- and B-adrenergic receptors does not support the 
hypothesis that the receptors are simply alternate con- 
figurations of the same gene product(s), and is more com- 
patible with the concept that they are separate entities. 

These studies suggest an important role for the regulation 
of adrenergic receptors by hormones acting at the level of 
the cell nucleus, and complement studies which have 
demonstrated regulation of adrenergic receptors by adren- 
ergic agonists "’. 

This work was supported by Rockefeller Foundation, 
UCSF-REAC, Pharmaceutical Manufacturers Association 
Foundation Grant and USPHS-NIH grants GM 16496, 
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Killing of single neurones by 
intracellular injection of proteolytic enzymes 





To approach problems of sprouting, regeneration, and 
specificity of neuronal connections, it would be useful if a 
technique were available for selectively destroying an in- 
dividual neurone or group of neurones without damaging 
other cells. One established method for eliminating a class 
of cells is to use the genetic approach and produce mutants. 
This, however, is often impractical for animals with long 
generation times. In invertebrate preparations, surgical 
removal of the cell body is not sufficient. since neuronal 
processes Can survive and continue to function normally 
for weeks or months after they have been severed from 
their cell bodies'’. We have used the central nervous 
system of the leech to establish a technique for destroying 
individual neurones one at a time. The leech is a con- 
venient preparation since the nerve cells are large, easily 
recognisable, and many have been identified and their 
synaptic connections and peripheral fields are well known". 
We have found that Pronase, a mixture of proteolytic 
enzymes (Calbiochem Pronase, free of nucleases, B 
grade), can be injected by pressure into an identified cell. 
With time, it spreads throughout the neurone’s central and 
peripheral processes and destroys them. 

The experiments were made with microelectrodes filled 
with 0.5% Pronase, 2% dye (fast green) and 50 mM KCI. 
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Fig. 1 a, Impulses recorded extracellularly from the axons of two 
sensory cells innervating lateral (L) and ventral skin (V) (ref. 3). 
One cell (V) had been injected with Pronase 18 h beforehand 
when its receptive field and that of L were mapped. In the 
experiment, impulses initiated by touching ventral skin failed to 
propagate into the ganglion while those from lateral skin 
continued to do so. The dots above the records indicate the 
instant at®which the skin was indented by the piezo electric 
crystal, b, Photographic silhouette taken of part of a leech in 
which two motor neurones (in adjacent ganglia) responsible for 
reflex erection of the skin into ridges were injected with Pronase. 
The region of skin normally innervated by two cells (six annuli) 
lost the reflex. 
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Che dye allowed visual monitoring of the injection and the 
KCI allowed the membrane potential to be recorded. The 
tips of the electrodes were bevelled to diameters between 
| and 2 um and pressures of 1 to 5 pounds per square inch 
were applied. Injections usually took less than 5s and the 
cell’s resting and action potentials were still normal at the 
time the electrode was removed. Injections were made in 
isolated ganglia and in whole animal preparations. Isolated 
ganglia were cultured for periods of days after the injec- 
tions’. Experiments using whole animals were carried out 
by anaesthetising them with 0.15% chlorobutanol and 
making a small incision through the ventral skin to expose 
a single ganglion, With oblique illumination it was possible 
to recognise individual cells and to confirm their identity 
by the characteristic shape of the action potentials’, The 
animals survived for many weeks at room temperature 
after the operations. 

To follow the progress of cell destruction, a ganglion was 
removed still attached to the segment of skin it innervates. 
A mechanosensory cell that responds to light touch’ (touch 
cell) was injected with Pronase. Its sensory terminals were 
stimulated by a piezo electric crystal that indented the skin 
and extracellular recordings of the evoked action potentials 
were made from the nerve root connecting the skin to the 
ganglion, As a control, a neighbouring touch cell that in- 
nervates an adjacent area of skin was stimulated with a 
second crystal. 

During the first 1 or 2 h after the injection, the cell body 
progressively lost its resting potential and ability to 
generate action potentials. Mechanical stimulation, how- 
ever, of the skin still evoked action potentials travelling 
toward the ganglion that could be recorded from the roots. 
Over the next 20h, conduction of action potentials along 
the axon failed at greater distances from the cell body (Fig. 
la) and by 48h, the most distal process, millimeters from 
the site of the injection, was unresponsive. Conduction along 
the process of the control touch cell (Fig. la, L) which 
runs in the same nerve root, was not affected. In similar 
experiments in which a touch cell was injected in the 
whole animal, no recovery of function was observed over 
a 2-week period and the injected cell body could no longer 
be seen in the ganglion under a dissecting microscope. In 
control experiments cells that were injected with fast green 
and KCI alone showed none of these degenerative changes. 

Functional evidence that the injected cells were destroyed 
was provided by injecting annulus erector motor neurones 
that are part of a reflex arc responsible for erection of the 
annuli into ridges’. Figure 1b is a photograph showing a 
silhouette of part of a leech in which a single motor 
neurone was injected in each of two neighbouring ganglia 
in a whole animal. Within 24h the reflex was lost over the 
6 annuli that are innervated exclusively from these 
neurones’. No recovery was apparent over a period of 
several weeks. Mechanical stimulation of the skin in dis- 
sected preparations from thse animals continued to evoke 
normal sensory responses. When the ganglia were inspected, 
the motor neurones could not be seen but the ganglia 
appeared normal otherwise. 

Anatomical evidence for the spread of Pronase through 
the cell’s fine branches and into its terminals was provided 
by experiments in which neurones were injected with horse- 
radish peroxidase (HRP) (ref. 6) and then with Pronase, 
Figure 2 shows an experiment in which two touch cells 
were injected with HRP. Four hours later, the cell on the 
right side of the ganglion was injected with Pronase, the 
cell on the left with a solution of KCI and dye without 
Pronase. Development of the cells for HRP staining 12 hb 
later showed almost no reaction product in the cell bod) 
or central processes of the Pronase-injected cell. The reac- 
tion product, however, was dense in the cell’s more distal 
processes in roots and connectives (out of the field) where 
the Pronase presumably had not yet reached, demonstrating 
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Fig. 2 Leech ganglion in which one touch cell on each side of the 
ganglion was injected with HRP. Four hours later, the touch 
cell on the right was injected with Pronase. After another 15 h, 
the peroxidase reaction was allowed to develop. The cell injected 
with Pronase showed only scattered processes within the 
neuropil but its axons could still be discerned at a distance from 
the cell body in roots and connectives, indicating that the HRP 
injection had been successful. 


that the HRP injection had been successful. Processes of 
the control cell appeared normal. 

It is important to establish that the direct effects of 
Pronase are confined to the injected cell. We have not been 
able to devise a quantitative assay for direct damage to 
other neurones, but a number of tests have failed to reveal 
any characteristic morphological or physiological changes 
in the properties of other cells. Injecting Pronase extra- 


627 


cellularly under the connective tissue capsule around the 
ganglion had no apparent effect on the electrical properties 
of the cells. Cells that are synaptically coupled to or in close 
proximity to an injected cell seemed to be anatomically 
and physiologically normal. For example, one of the two 
Retzius cells was injected with Pronase and two weeks later, 
the ganglion was removed from the animal and the re- 
maining Retzius cell was injected with HRP (Fig. 3). 
Although the two Retzius cells are electrically coupled and 
form synapses in the same region of the neuropil, the fine 


Fig. 3 Camera lucida drawing of a Retzius cell injected with 
HRP and a photograph of some of its fine processes in the 
neuropile. Two weeks earlier, the other Retzius cell in the 
ganglion had been injected with Pronase. The Pronase-injected 
Retzius cell had disappeared by this time but the arborisation of 
the cell injected with peroxidase (which had been coupled to the 
Pronase-injected cell) still appears normal. The stippled area 
represents the cell body. 





100 um 
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processes of the remaining cell appeared to be undamaged 
and its physiological properties were unchanged. Results 
from this cell and other experiments showed that the synap- 
tic potentials, action potentials, and input impedances of 
non-injected cells remained normal. No obvious changes 
were found even when a large number of other cells in the 
ganglion (up to a dozen) were injected with Pronase. The 
fine structure of non-injected cells also seemed normal. A 
particularly favourable cell to investigate by electron micro- 
scopy is the S neurone’. This cell sends a large axon through 
the middle connective (Faivre’s nerve) that can readily be 
identified by its size and position. After an S cell was in- 
jected with Pronase, its degenerating axon could be seen 
in Faivre’s nerve, but the surrounding axons and glial pro- 
cesses appeared normal (also K. Muller, personal communi- 
cation). 

Although these experiments do not rule out more subtle 
forms of damage to fine processes or to cell surfaces caused 
by Pronase leaking out of the injected cell, we conclude 
that injection of Pronase destroys all the processes of a 
single neurone without obvious damage to other cells. 
This technique may be particularly useful in simple in- 
vertebrate preparations, like the leech, in which one can 
now study the effects of removing one cell at a time instead 
of making less selective lesions that involve hundreds or 
even thousands of axons. For example, if a cell is killed, 
will sprouting occur in cells that are normally pre- or post- 
synaptic to it? Will processes grow to form new synapses 
replacing terminals removed by the Pronase injection? 
Even without obvious morphological changes, the efficacy 
of synaptic transmission between two cells might be altered 
by removal of a third neurone supplying input to the 
synapse. The technique may also be useful in determining 
functional roles of specific neurones and for analysing their 
connections to other cells. 
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x-Actinin attached to 
membranes of secretory vesicles 


THE role of microfilaments in secretion has been much de- 
bated’ *. If secretion involves a sliding filament mechanism 
similar to muscle contraction*®, microfilaments must attach at 
least transiently to vesicle membranes. Indeed, there is evidence 
that contractile proteins are associated with secretory vesicles 
(chromaffin granules) of adrenal medulla® 7. Moreover, the outer 
(cytoplasmic) surface of secretory vesicles must provide ‘anchor- 
ing molecules’ for microfilaments. In skeletal muscle, the struc- 
tural protein a-actinin located in the Z-line® serves as such an 
anchoring molecule. An x-actinin-like protein was isolated from a 
variety of non-muscle cells’:'” and there is evidence that the same 
protein is attached to the inner (cytoplasmic) surface of the 
plasma membrane of non-muscle cells in association with micro- 
filaments''~'*. Using a monospecific antibody to porcine g- 
actinin (Fig. 1) we have demonstrated the presence of this protein 
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Fig. 1 Rat myofibril stained by means of indirect immunofluores- 
cence. Antibody was raised in rabbits against purified native porcine 
skeletal muscle a-actinin'* precipitated with alum!?, A crude IgG 
fraction was passed over an a-actinin Sepharose affinity column!® 
and the monospecific antibody was eluted at pH 2.7 (ref. 17). This 
antibody preparation gave a single precipitation line when tested in 
double diffusion against crude or purified preparations of the 
antigen, An antibody-Sepharose column retained only a-actinin 
from a muscle homogenate. The isolated myofibril (c) was incubated 
with this antibody followed by a, rhodamine-conjugated sheep 
antiserum against rabbit IgG (ref. 18); then b, incubated with human 
anti-actin serum!” followed by fluorescein-conjugated goat anti- 
serum against human IgG (Miles Servac, Switzerland). The myofib- 
ril was then washed and mounted in 90°, glycerol, 10°, phosphate- 
buffered saline, The width of the rhodamine-positive bands and the 
distance between them (2.35 um) (a) as well as the comparison 
between a and b indicate that the antibody against #-actinin is fixed 
exclusively to the Z-lines. Preincubation of the anti-a-actinin anti- 
body with purified z-actinin abolished only staining of the Z-lines. 


in secretory vesicle membranes from chromaffin cells of the 
adrenal medulla and from platelets. 

Bovine adrenal chromaffin granules were isolated in buffered 
sucrose with or without 0.15 M KCI (ref. 6). 5-Hydroxy- 
tryptamine-storing (5-HT) vesicles: were isolated from rabbit 
blood platelets by gradient centrifugation*®: mitochondria 
and alpha granules?! were recovered in different fractions from 
the same gradient. Aliquots of the same gradient were used for 
sodium dodecyl sulphate (SDS) gel electrophoresis, electron 
microscopy and indirect immunofluorescence on frozen sections. 

Membranes which were prepared from isolated chromaffin and 
5-HT granules by hypotonic lysis contain polypeptides with 
molecular weights of «-actinin and actin (Fig. 2). Preparing 
chromaffin granules in low ionic strength buffers (without KCl) 
diminishes the proportion of those polypeptides among the 
membrane proteins (data not shown), suggesting a selective 
removal of x-actinin at low ionic strength with the actin com- 
ponent bound to it". The actin-like band in the 5-HT granule 
profile is also clearly distinguishable but not as conspicuous as in 
the chromaffin granule pattern. The profiles of platelet mitochon- 
dria (Fig. 2c) and a-granule polypeptides (not shown) do not 
demonstrate any band at the position of a-actinin. A very 
prominent band can also be detected in the platelet mitochondria 
pattern at the position of actin. The proportion of this actin-like 
component among the total proteins varied considerably (by a 
factor of 2) with different preparations. 

Indirect immunofluorescence was carried out on 4-um frozen 
sections of pelleted chromaffin granules, 5-HT granules, platelet 
mitochondria and a-granules. x-Actinin antibodies were fixed 
only to chromaffin granules from adrenal medulla and platelet 5- 
HT granules (Fig. 3c), whereas a-granules and platelet 
mitochondria (Fig. 3d) showed no fluorescence. All fractions were 
confirmed by electron microscopy to be pure homogeneous 
preparations. Furthermore, chromaffin granule membranes isol- 
ated in high ionic strength buffer (0.15 M KCl) and solubilised in 
l% SDS showed a single line of precipitin reaction in a double- 
diffusion test against #-actinin antibody. 

Parallel immunofluorescent staining with antibodies against 
actin'” was positive on several fractions from rabbit platelets, 
including a-granules and mitochondria. This result. together 
with the finding of a variable amount of an actin-like protein 
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among the mitochondrial polypeptides (Fig. 2) may reflect a 
contamination of platelet mitochondria with actin from the 
platelet cytoplasm, although by morphological criteria, these 
preparations were homogeneously pure (Fig. 3). In the adrenal 
medulla preparations immunofluorescent staining of different 
fractions with anti-actin was positive only on the chromaffin 
granules, 

These data indicate that a-actinin is a constituent of the 
membrane of monoamine storage vesicles, but not of cellular 
organelles in general, and they add more weight to the hypothesis 
that x-actinin in plasma membranes and secretory vesicle memb- 
ranes serves as an anchorage molecule for microfilaments. 

We acknowledge the technical help of Miss K. Kelley. B.M.J. 
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Fig. 2 Densitometer scans of membrane polypeptides stained after 
electrophoresis on SDS-polyacrylamide slab gels. Bovine adrenal 
chromaffin granules were prepared in sucrose buffered with 0.02 M 
2-(N-morpholino) ethane-sulphonic acid (MES), with or without 
0.15 M KCI (ref, 6). 5-HT granules and mitochondria were isolated 
from rabbit blood platelets using a continuous Urografin (Schering, 
West Germany) gradient as previously described’. Membranes 
from chromaffin and 5-HT granules were prepared by lysing and 
washing the vesicles in buffer without sucrose. They were then 
solubilised by boiling them in 1% SDS for 2 min, subsequently 
subjected to gel electrophoresis**, and stained with Coomassie 
Brilliant Blue. a. Chromaffin granule membranes from vesicles 
isolated in 0.15 M KCl; b, 5-HT granule membranes; c. platelet 
mitochondria proteins. The arrows indicate the positions of - 
actinin (a-A) and actin (A) standards applied to the same gel 





Fig. 3 Electron micrographs (a,b) and immunofluorescence stain- 
ing (c.d) of platelet 5-HT granules (a,c) and platelet mitochondria 
(b.d). Aliquots of the same gradients were used. For electron 
microscopy, the material was fixed in 3% glutaraldehyde, postfixed 
in 2°. osmium tetroxide, dehydrated and embedded in Epon 812 
Ultrathin sections stained with uranyl acetate and lead citrate were 
examined with a Philips 300 electron microscope. Indirect 

immunofiuorescence was performed on 4-um sections obtained by 
cutting the frozen material on a cryostat. The incubation procedure 
with the first (monospecific anti-a-actinin) and the second (FITC- 
GAR) antibody is described in Fig. 1. Photographs were taken on a 
Zeiss UV photomiscroscope with epi-illumination using An- 
scochrome colour slide film 500 daylight (Gaf Corporation, New 
York) or HP4 Ilford film. Magnification: a, b, x 10,000; c. d, x 400 
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Direct association of Balbiani 
ring 75S RNA with 
membranes of the endoplasmic reticulum 


PuFFS in polytene chromosomes probably represent active 
genes (see, for example, ref. 1). Cytogenetic investigations 
with large tissue-specific puffs, the Balbiani rings (BR) in 
Chironomus salivary gland cells, revealed a correlation 
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between the BR and salivary export proteins**,. Biochemical 
analysis of the BR showed that in Chironomus tentans 
RNA of a defined size is synthesised and transported to 
the cytoplasm’. This RNA, which sediments as 75S RNA, 
has properties of a messenger RNA, that it, it contains 
poly A* and is located in polysomes®. If the BR-RNA 
directs synthesis of export proteins it would be expected 
to associate with the membranes of the endoplasmic reticu- 
lum (ER). Here we show that such an association exists 
and that it is independent of ribosomes and polysomal 
structures. 

Labelled salivary gland RNA was obtained by micro- 
injection of tritiated RNA precursors 24h before sacrifice 
of the animal. The labelling procedure has the character of 
a puise eich nap genro l- -2 d after neon A Ah 


6d it e TA Thus ftom I8 h and eae Pe 
risk of contamination of the cytoplasm with labelled nuclear 
RNA is very low or insignificant. Also, since the halflife 
of 75S RNA is about 20h (Edström, J.-E., Lindgren, S., 
Lönn, U. and Rydlander, L., in preparation) analysis of 
these animals sacrificed 24h after injection should give 
representative samples of the cytoplasm. 

The distribution of total labelled RNA in agarose gel 
electrophoresis is shown in Fig. la: over 95% of the RNA 
visualised in this way is cytoplasmic RNA. The major con- 
stituents are the two ribosomal RNA species (28S and 18S 
RNA) and 4S RNA. There is also a prominent mono- 
disperse 75S RNA peak of Balbiani ring origin. 

The salivary glands were homogenised in low salt buffer 
containing Mg** and the microsomal membranes pelleted 
by differential centrifugation’. It is difficult to keep 75S 
RNA intact during aqueous fractionation of the salivary 
gland cells. But, if sucrose is omitted and the centrifugation 
times scaled down, as in the procedure described here, there 
is very little, or no degradation of the RNA. This is evident 
if one compares the labelled RNA from glands homogenised 
directly in detergent (Fig. la) with those fractionated in 
low salt buffer before detergent treatment (Fie. 14). In 


Fig. 1 a, Larvae of Chironomus tentans were injected with 25 
uCi tritiated uridine (50 Ci mmol ~; Amersham Radiochemical 
Centre) 24 h before killing. The excised salivary glands from two 
animals were homogenised in 0.5 mi 1°, sodium dodecyl sulphate 
(SDS) in 0.02M Tris-HCI pH 7.4 for 5 min at 25° C. The RNA 
was ethanol-precipitated and separated in 1.5% agarose slab 
gels? E. coli RNA was used as carrier (23S, 16S and 4S RNA). 
b, To determine the amount of membrane-bound 758 RNA a 
procedure that separates membranes from cytosol was used’. 
The excised salivary glands were allowed to swell for a couple of 
minutes in 0.5 ml cold reticulocyte standard. buffer (1.5 mM 
MeCl,, 10 mM KCI, 10 mM Tris-HCl pH 7.4) and homogenised 
in a Potter-Elvehjelm glass homogeniser. To remove polytene 
chromosomes and so on the homogenate was centrifuged for 
2 min at 750g,,, and to pellet the membranes the supernate 
thus obtained was certifuged for another 5 min at 27,0008 max 
To release RNA the 27,000¢,,,, supernate was made 1° with 
respect to SDS, whereas the pellet was extracted by addition of 
0.5 mi 1% SDS in 0.02 M Tris-HCI pH 7.4. The samples were 
ethanol-precipitated after 5 min at 25° C. Electrophoresis was 
performed į in 1.5% agarose slab gels., @, 27 0002 max pellet, 
©, 27,0002 max supernate. Earlier control experiments showed 
that 87°, of labelled phospholipids appeared in the 27,0002 max 
pellet”. Also, over 80% of total labelled heavy ribosomal sub- 
units appeared i in the pellet at steady-state distribution (6 d after 
precursor injection)*, whereas after 24 h only about 50% appeared 
in the 27,000g,,4, pellet. c, To release ribosomes “from the 
microsomal membranes a homogenate prepared as in b was 
divided into two equal aliquots, one of which served as a 
control, Cold buffer was added to the control aliquot to restore 
the original volume and immediately aa a Vae to pellet the 
microsomal membranes. To the other aliquot an equal volume 
of high salt buffer was added (2 M KCI, 50 mM Tris-HCI pH 7.4, 
2 mM septic 10 mM EDTA’. After incubation for ay min 
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Fig.2 Autoradiograph of chromosome IV of Chironomus tentans 
salivary gland cells after in situ hybridisation with RNA from 
stripped membranes. The RNA sample, obtained from mem- 
branes stripped of ribosomes as in Fig. le and passed through a 
Sephadex G-25 column, was dissolved in 15 pl 2 x SSC (SSC is 
0.15 M sodium chloride and 0.015 M sodium citrate) and added 
to salivary gland squashes. The squashes were previously 
denatured in 90°, formamide in 0.1 » SSC at 62-64 C for 2 h. 
The hybridisation reaction was carried out at 62-64 C for 4 h. 
The subsequent treatments (R Nase-treatment, washing in 2 » SSC 
and dehydration) was done according to ref. 13. Autoradiography 
was performed with Kodak AR 10 stripping film; exposure 
time was 12 weeks. The length of chromosome IV is about 80 um. 


control experiments, heating the RNA sample in 8 M urea 
caused no significant degradation of 75S RNA‘. 

The distribution of labelled RNA between the membrane 
pellet and its corresponding supernatent is shown in Fig. 1b. 
The membrane pellet contained 75S RNA and two ribosomal 
RNA species (288 and 18S RNA). The supernate contains in 
addition to these RNA species also 4S RNA. The major 
part (more than 90%) of 75S RNA appeared in the mem- 
brane-fraction. 

Further experiments were performed to establish whether 
it is possible to release ribosomes from the microsomal 
membranes still keeping the 75S RNA associated to the 
membranes. To strip the membranes free of ribosomes the 
membranes were treated in vitro with high ionic strength 
KCI buffers with EDTA and puromycin for 30min at 
+4 C (ref. 9). Gel electrophoresis showed that there was 
a nearly complete removal of 18S RNA from the mem- 
branes. The 28S RNA was removed to 80-90% but over 
50%, of the 75S RNA remained attached to the 
membranes (Fig. 1c). Control experiments showed that less 
than 10°% of the 75S RNA appeared in the membrane pellet 
when it was treated with detergent (0.5% DOC and 0.5% 
Tween 80) and recentrifuged. 

In situ hybridisation with tabelled RNA from membranes 
treated with KCI-EDTA-—puromycin showed grains over 
BR one and two (Fig. 2). No other loci, including the 
nucleolar region, hybridised significantly. In controls with 
total RNA, also the nucleolar region hybridised signi- 
ficantly. Thus RNA with sequences complementary to the 
DNA of BR one and two is located in the membrane 
pellet after the complete release of 18S RNA and the release 
of the major part of 28S RNA. This indicates that there is 
in all probability a 75S RNA-membrane interaction which 
is independent of ribosomes and polysomal structures. 

Similar findings have been obtained in fibroblast’, liver’ 
and HeLa cells'’ where the attachment of mRNA to micro- 
somal membranes was shown to exist via the 3’-end con- 
taining the poly A tail. 75S RNA also contains poly A 
(ref. 5) but it is not known whether it is responsible for 
the attachment. 
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Subgenomic, cellular Rous sarcoma virus 
RNAs contain oligonucleotides from the 
3’ half and the 5’ terminus of virion RNA 


THE genome of Rous sarcoma virus (RSV) is a 30-40S RNA 
of 10,000 nucleotides coding for four known genes’ which 
map in the order 5’-gag, pol, env, src, poly(A)-3’ (refs 2, 3). 
This 30-40S RNA serves as mRNA for a gag precursor pro- 
tein and perhaps a gag-pol precursor-polyprotein when 
translated in vitro*’’. The env gene, however, may be trans- 
lated from a smaller intracellular messenger. Poly(A)-con- 
taining 20-24S cellular RNA from infected cells can, upon 
microinjection, complement an envy-defective virus* and 
may also direct in vitro synthesis of a protein that is 
serologically related to the env gene product’. Moreover, 
hybridisation with DNA complementary (CDNA) to env and 
sre sequences of virion RNA detects discrete classes of sub- 
genomic poly(A)-containing RNAs present in infected cells 
as Steady state species, while gag and pol-specific cDNAs 
hybridise only to full sized RNA*”, 


*P (c.p.m. x 107°) 
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Fractions 
Fig. 1 Sucrose gradient sedimentation of cellular RNA from 


RSV-infected cells. PR-RSV-B-infected celis***!*"" labelled 
with 75 mCi (**PO,)*~ for 3 h were trypsinised, suspended in 
0.1 M NaCl, 0.01 M Tris (7.4), | mM EDTA, extracted twice with 
phenol, chloroform, Na dod SO,, mercaptoethanol, at about 
60:38 :1:1, and ethanol-precipitated. Nucleic acids were heated to 
100 °C in 0.01 M NaCl, 0.01 M Tris (7.4), | mM EDTA with 
0.1% Na dod SO, and layered onto a gradient of 10-35 °% sucrose 
containing the same buffer. Centrifugation was for 6.5 h at 40,000 
r.p.m. and 20 `C in an SW41 rotor. Radioactivity was E; aaea 
counted and the RNA of the three pools indicated was analysed 
as described in Fig. 2. 
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Fig. 2 Two-dimensional fingerprint analysis of poly(A)-tagged, virus-specific, intracellular RNA and analyses of their 5’ terminal, capped- 
oligonucleotides. Three different size classes of poly(A)-tagged RNA species, isolated from about 5 = 10° RSV-cells, as for Fig. 1, were 
selected by chromatography on oligo(dT)-cellulose as described®*:!*-!2-, The RNA of each pool, about 6-10 x 10° c.p.m., was mixed with 
0.7 ug viral poly(dC)-cDNA and heated to 100 °C in 0.01 M NaCl, 0.01 M Tris HCI, pH 7.4, | mM EDTA and lyophilised. The mixture was 
then incubated in 25-50 ul 70% formamide, 0.3 M NaCl, 0.03 M Na citrate, 1.5 mM Na phosphate, pH 7.0, at 40 °C for 6-10 h. Subsequently 
the solution was diluted with 1 ml 0.15 M NaCl, 0.015 M Na citrate and heated at 60 C for 10 min. RNA-DNA hybrids were selected by 
chromatography on a | mi-column of oligo(dG)-cellulose (Collaborative Research, Waltham, Mass.) by a modification of procedures 
described previously *™:*!, The conditions were as described for chromatography on oligo(dT)-cellulose, except that the column was washed 
with 15 ug poly(rA) in | ml application buffer (0.5 M LiCl, 0.01 M Tris HCI, PH 7.4, 0.05%, Na dod SO,) and rinsed with 0.5 ml of the same 
buffer lacking poly (rA) prior to chromatography of the hybrids. The eluted hybrids were made 0.5 M LiCl and rechromatographed. The 
hybrids were melted by heating to 100°C at low ionic strength, ethanol-precipitated and the hybridisation-selection process repeated 
except that only 0.1-0.2 ug poly(dC)-cDNA was added and that the hybrids were selected only once on the oligo(dG)-cellulose column. 
Recovery of poly(A )-tagged RNA as hybrids was between 0.05 and 4% for distinct pools (see text). Eluted hybrids were melted as above and 
ethanol-precipitated for T, digestion and two-dimensional fingerprinting'*""*:"°, PR-B cDNA was used in all experiments. It was synthesised 
as described** and prepared by exclusion chromatography on a Biogel P100 (12 0.7 cm, BioRad, Richmond, CA) column in 0.01 M Tris. 
pH 7.4, 1 neM EDTA and 0.05% Na dod SO,. About 6 pg cDNA was polycytidylated with 2 units of deoxynucleotidyl transferase 
(PL-Biochemicals) in 60 ul 0.1 M KH,PO,,0.05M_ cacodylic acid, pH 7.0, 1 mM mercaptoethanol, 2 mM CoCl., 3 mM dCTP for 12 h 
at 40°C. Poly(dC)-cDNA was purified by chromatography on Biogel P100 as above. Excluded cDNA was then selected on oligo(dG)- 
cellulose as described above omitting poly(rA). Recovery of poly(dC)-cDNA was 65%. Panels A-D are autoradiographs of T,-resistant oligon- 
ucleotides of virus-specific RNAs resolved by two-dimensional electrophoresis-homochromatography*'*:'*:'*, termed fingerprinting.(a) Finger- 
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Neither the structure nor the mechanism of generation of 
these subgenomic RNA species has been elucidated. They 
may be produced by partial transcription of the DNA pro- 
virus or by functionally specific cleavage of genome-sized 
RNA. They may also include species generated by struc- 
turally specific degradation of viral RNAs. The structure of 
such RNAs would be that of a contiguous segment of virion 
RNA with at least one terminus derived from an internal 
location on the virion RNA. Alternatively, subgenomic viral 
RNAs could be generated by internal deletions of virion 
RNA, a mechanism analogous to that which has been dis- 
covered to govern the mRNA synthesis of adenovirus, a 
DNA-containing virus. Some adenovirus mRNAs were 
found to have a 100-200 nucleotide sequence covalently 
attached to the 5 end of the coding sequence, but tran- 
scribed from a remote segment of the DNA template’:". 
This observation suggests that covalent linkage of transcripts 
from non-adjacent DNA templates, termed splicing, may be 
characteristic of eukaryotic cellular and viral mRNAs. 

We have isolated and characterised the poly(A)-tagged 
RSV-specific RNAs synthesised during a 3-h “P labelling 
period in infected cells, specifically addressing the 
questions of sequence arrangement and derivation of 
their terminal sequences. These analyses were done 
using the large, unique RNase T)-resistant oligonucleo- 
tides of virion RNA as diagnostic of distinct viral RNA 
segments’ for two reasons: (1) Since their order relative 
to the poly(A)-terminus of each viral RNA studied here is 
already known” >Y, their detection would directly identify 
those virion RNA segments from which a subgenomic RNA 
species was derived. (ii) Moreover identification of the 5- 
terminal 7mGpppGmC(cap)-oligonucleotide’’* of a sub- 
genomic viral RNA species would unambiguously define its 
§’-terminus. This cannot be done directly by hybridisation 
with cDNAs complementary to the termini of virion RNA, 
because such cDNA detects presumably redundant se- 
quences on both ends of virion RNA in addition to internal 
sequences’*''”* and because positive hybridisation does not 
indicate where on the RNA a given sequence Is located. 

Viral-specific poly(A)-containing RNA was isolated from 
Prague RSV-B (PR-B)-infected cells by the following 
procedure: RSV-transformed fibroblasts were incubated 
with media containing [PPO] for 3h. Nucleic acids, 
phenol-extracted from these cells, were fractionated 
by sucrose gradient sedimentation (Fig. 1). Three size 
classes marked in Fig. 1 were pooled and poly(A)- 
containing RNA species were selected by chromatography 
on oligo(dT)-cellulose. The recoveries were 16% for the 
35-408 pool, 4% for the 27-298 pool and 20% for the 
20-228 pool. Virus-specific RNA was isolated by twice 
repeated hybridisation to poly(dC)-tagged PR-B cDNA with 
selection on oligo(dG)-cellulose (see Fig. 2). The recovery 
of [’P]RNA from each original pool was approximately 
4% (35-408), 0.1% (27-298) and 0.3% (20-228). The per- 
cent virus-specific [PPIRNA in the 27-298 and 20-228 
species prepared by ‘hybridisation to viral cDNA was 
60-80% as determined by resistance to digestion with 
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print of 27-298 RNA of PR-B infected cells, (6) 20-22S RNA of 
PR-B infected cells. (¢) 20-228 RNA of PR-A «RAV-2 no. 3 
infected cells. (d) 20-22S RNA of PR-A « RAV-2 no. 5 infected 
cells. All numbered oligonucleotides were identified as identical 
to virion RNA counterparts (see text). Panels E and F are 
autoradiographs of RNase A, T,- and T.-resistant fragments of 
oligonucleotide spots expected to contain 7mGpppGmcC {cap} 
structures, after electrophoresis on DEAE paper at pH 3.5 
(ref. 15). e, The nuclease-resistant fragments of oligonucleotide 
no. 5 of 20-225 PR-B RNA, recovered from the fingerprint 
shown in (b). f, The nuclease-resistant fragments of the oligonucle. 
otide spot, marked ‘cap’ of 20-228 PR-A x RAV-2 recombinant 
no. 3 RNA recovered from the fingerprint shown in e. 


RNases T, T; and A after hybridisation with an excess 
(10-50-fold) of viral cDNA. These RNA pools were digested 


633 


with RNase T; and analysed by two-dimensional fingerprint- 
ingit >n, Each large Ti-resistant oligonucleotide was identi- 
fied by its relative chromatographic location and by analysis 
of its RNase A-resistant fragments (not shown) and num- 
bered as its defined counterpart in virion RNA?*:"*, In every 
case the 35-40S pool was identical to virion RNA (not 
shown). The Tj-oligonucleotides present, at approximately 
equimolar ratios, in the 27-298 intracellular PR-B RNA 
(Fig. 2a) are those underlined and oligonucleotides present 
in the 20-228 RNA (Fig. 2b) are those shown in bold face 
type on the complete oligonucleotide map of PR-B RNA: 
nucleotide (ref. 24) of the 20-22S PR-B RNA gave the 
following near equimolar amounts expressed as c.p.m. per 
phosphate: S5(cap): 3.5, 13: 2.5, 23: 3.4, 19ab: 1.3: 14; 3.6, 
7:2.9, 9:3.6, 12ab: 4.8. All of the oligonucleotides of the 
S(cap), 17, 16, 8, 22, 20a, 11, 4, 20b, 15, 2, 10, 21, 18, 
6, 3, 13, 23, 19ab, 14, 7, 9, I2ab, C, Poly(A) (ref. 2). 

Quantitation of the radioactivity in each major oligo- 
nucleotide (ref. 24) of the 20-22S PRB RNA gave the 
following near equimolar amounts expressed as c.p.m. per 
phosphate : S5(cap) : 3.5, 13: 2.5, 23:3.4, 19 ab: 1,3, 14: 3.6, 
7:2.9,9:3.6 12 ab: 4.8. All of the oligonucleotides of the 
two subgenomic RNA species are derived from the 3° half 
of the viral oligonucleotide map except for oligonucleotide 
no. 5. We must, however, emphasise that the order of the 
oligonucleotides of the subgenomic RNA species cannot be 
deduced from our data, except that of the 5’-terminal cap- 
oligonucleotide, no. 5. This oligonucleotide was recovered 
from 20-22S RNA (Fig. 26) and shown to contain the cap- 
structure (Fig. 2e) and to have the same RNase A-resistant 
fragments as the cap-oligonucleotide of virion RNA’*” 
(data not shown). 

The presence of the 5’-terminal cap-oligonucleotide of 
virion RNA in subgenomic viral RNA species could reflect 
a splicing mechanism for the synthesis of subgenomic viral 
RNAs. Alternatively the viral genome could contain 
internal copies of this oligonucleotide. To distinguish 
between these alternatives we have analysed the 20-22S 
viral-specific RNA from cells infected by two recombinant 
RSVs. These recombinants have essentially indistinguishable 
oligonucleotide maps except for their 5’-terminal cap- 
oligonucleotides’. PR-A X RAV-2 no. 3 contains a RAV-2- 
derived cap-oligonucleotide, which chromatographs with 
hexanucleotides in a two-dimensional fingerprint’. The 
T,-oligonucleotides detected in the 20-225S intracellular RNA 
of this recombinant (Fig. 2c) are those shown in bold face 
type in the following oligonucleotide map of the viral RNA 
(ref. 2): RAV-2-cap, 15, 16c, 10, 12, 19, 21, 4, 20, 3, 33, 
I8, HE, 23, 5, 7, 2, 8b, 13, 17ab, 14, I6ab, 9, 8a, C, poly(A). 
The c.p.m. per phosphate of the major oligonucleotides 
were: 15:9.1, 11:4.7, 5:7.0, 7:60, 2:52, 8ab: 4.5, 
13:8.9, 17ab: 4.4, 14:8.9, 16ab:6.7, 9: 7.8. The presence 
of the cap-structure in the oligonucleotide-spot marked 
‘cap’ in Fig. 2c is shown in Fig. 2f. PR-AXRAV-2 no. 5 
contains a PR-A-derived cap-oligonucleotide, that is, no. 6, 
which is identical to that of PR-B (ref. 15). (Note, the 
map location of no. 6 has been revised. It was originally 
confused with no. 9, [ref. 2].) Figure 2d shows that the 
20-22S intracellular RNA of recombinant no. 5 contains 
the cap-oligonucleotide no. 6 and all those oligonucleotides 
of virion RNA which are shown in bold face type in the 
following map (ref. 2): 6-cap, 15, 16c, 10, 12, 19, 21, 4, 
20, 3, 11, 18, 7, 5, 2, 8b, 13, 17ab, 14, léab, 8a, 9, C, 
poly(A). The c.p.m. per phosphate of the major oligo- 
nucleotides were: 6(cap): 8.2, 15:12.5, 7:54, 5: 4.5, 
2:40, 8ab:11.7, 13:7.7, Lab: 3.4, 14:6.2, I6ab: 15.0, 
9.12.8. The 20-22S species of both recombinants also 
contained RAV-2 oligonucleotide no. 15, which maps 
near the 5’ end of the virion RNA but does got contain 
the cap-structure. Thus, because the 5’ cap-oligonucleotides 
of the 20-22S RNA species of PR-B, PR-A XRAV-2 no. 3 
and no. 5 were identical to cap-oligonucleotides of their 
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respective virion RNAs, and the 20-228 of the two 
recombinants also contained a unique internal oligo- 
nucleotide (no. 15) that maps close to the 5’ end of each 
recombinant RNA, the 5’ segment of each 20-225 RNA 
species must have been transcribed from a proviral DNA 
segment corresponding to the 5’ end of virion RNA. 

A minimum estimate for the length of the 5’ segment is 
16 nucleotides (oligonucleotide no. 15, ref. 2) plus 22 nucleo- 
tides (large cap-oligonucleotide) or 37 nucleotides. This 
segment, however, is likely to be longer because recombina- 
tion occurs between oligonucleotide no. 15 and the 5’ end 
(as In recombinant no. 5) and because oligonucleotide no. 15 
also occurs at the 5’ end of RSV-B77” though it is not 
found in the first 110 nucleotides as sequenced by Shine et 
ae, 

It may be argued that the viral 5’ oligonucleotides in the 
20-228 cellular species were derived from minor con- 
taminants of intact or degraded virion RNA selected by 
our cDNA rather than from a subgenomic 20-22S RNA. 
Although, our cDNA contained typically (ref. 23) three- to 
five-fold more sequences complementary to the 5’ oligo- 
nucleotides than to other oligonucleotides (determined by 
hybridisation to an excess of “P-viral RNA and finger- 
printing of RNase T)-resistant hybrids), this possibility has 
been ruled out for the followng reasons (data not shown). 
The fingerprints of 35~-40S viral RNA isolated from infected 
cells had an equimolar representation of all oligonucleotides 
indicating no bias in the selection process. In addition, if 
our PR-B poly(dC)cDNA was hybridised to a 10-fold excess 
of 30-40S “P-viral RNA and the hybrids were selected and 
fingerprinted as in Fig. 2 all PR-B oligonucleotides were 
approximately equimolar. This is because asymmetrical 
hybrids consisting of small, approximately 5S cDNA and 
large viral RNAs sedimenting between 10 and 35S, with a 
peak at 18S, were selected for fingerprint analysis by our 
method. Since the cellular viral RNA species analysed in 
this paper were also large after isolation (average approxi- 
mately 18S), oligonucleotides adjacent to the 5’ terminus 
Should have also been detected if the 5’-terminal oligo- 
nucleotides were derived from contaminating intact or 
degraded viral RNA species. 

We conclude that RSV-infected cells contain specific 
viral RNA species which consist of a capped segment from 
the 5’ end of virion RNA attached to a polyadenylated 
longer segment from the 3’ end. This suggests that sub- 
genomic RSV RNAs are synthesised by a splicing mech- 
anism analogous to that observed in adenovirus or perhaps 
by transcription from specifically deleted proviral DNAs. 
The data argue against subgenomic RNAs being generated 
by cleavage of 35-40S RNA or by internal transcription of 
full-length provirus. Further work is necessary to establish 
whether these subgenomic viral RNAs function as mRNAs. 
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Errata 


In the letter ‘Structures of benzo(a)pyrene—nucleic acid 
formed in human and bovine bronchial explants’ by A. M. 
Jeffrey et al, Nature 269, p. 348, lines 25-26 in Fig. | 
legend should read . . . poly (G) were detected by ultra- 
violet absorbance at 280 nm and in vivo samples by their 
radioactivity. Line 19 in Fig. 2 legend should read... in 
vivo product was obtained (upper panel, 6) which, when 
reanalysed . . . Line 2 in Fig. 3 legend should read... 
corresponding to the major in vivo DNA adduct from 
human and... Line 9 in Fig. 3 should read . . . (shaded 
area at 350-360 nm, ‘Li, short axis; 310-355, 'La, long... . 


In the letter by R. G. Strom and D. E. Harris, Nature 269 
581-582 (1977), the title should read ‘HD26676: Radio emission 
from a normal star’. On p. 581 paragraph 3 line 12, for ‘Wester- 
bok’ read ‘Westerbork’. In paragraph 4 line 5 for ‘frequency a’ 
read ‘frequency”’. 


In the letter ‘Long-range attraction between red cells and 
a hydrocarbon surface’ by D. Gingell and I. Todd, Nature 
268, p. 767, two lines have been omitted. Line 12 in 
paragraph 2 should read... the oil/water interface was 
measured by the hanging drop. . . . Line 28 in paragraph 
4 should read . . . of attraction from 140nm to 450 nm. 
The only kind... 


Corrigenda 


In the letter “Structures of benzo(a)pyrene—nucleic acid 
formed in human and bovine bronchial explants’ by A. M. 
Jeffrey et al., Nature 269, p. 348, in Fig. 2 legend line 18 
for 50-60% methanol read 50-65% methanol. 


In the letter ‘Surge activity on the Barnes Ice Cap’ by G. 
Holdsworth, Nature 269, p. 588, the journal in ref. 14 
should be J. appl. Met. 


Nature Index and Binders 


The complete Index for 1976 is available, price £2.50 
(UK), US$5.00 (Rest of World). Copies of the 1975 index 
are still on sale, price £2.25 (UK), US$5.00 (Rest of 
World). 

Binders for the journal are also available at £8.00 (UK). 


US$16.00 (Rest of World) for three: a year of Nature fits 
into three binders. 

All prices include postage. Payment may be made in any 
currency at the prevailing exchange rate. Orders should he 
sent, accompanied by remittance, to Macmillan Journals 
Ltd, Brunel ‘Road, Basingstoke, Hampshire, RG21 2XS, 
England. 
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Christmas Books supplement 





Images of animals 


Animals and Men: Their Relationships 
as Reflected in Western Art from 
Prehistory to the Present Day. By 
Kenneth Clark. Pp. 240. (Thames and 
Hudson: London, 1977.) £10.50. 





EVERYTHING about this book is full of 
promise. Its author, Lord Clark, is now a 
cult object more widely revered than 
Horus and Hathor, the sacred falcon and 
cow of ancient Egypt who decorate 
several of the book’s ample pages. The 
title is provocative and challenging. The 
book is (literally) weighty and the many, 
many illustrations are generally of high 
quality. Most of all, the timing is 
impeccable. It is surely no accident that 
this elegant volume appears a few weeks 
before Christmas in a year of intense 
public interest in the status of animals and 
the need for their protection. Not only is 
there the growing public sentiment for the 
conservationist movement, but there is 
also heightened anti-vivisectionist activity 
in response to the centennial of the British 
Cruelty to Animals Act. There can be no 
more convincing sign of the times than 
the growing power of the ‘Ecology’ 
movement, even in France—that bastion 
of effortless pragmatism, where there has 
always been more appetite for, than love 
of, animals. 

Despite the richness of its potential and 
the certainty of its commercial success, 
the book in actual fact does not fulfil its 
promise. Lord Clark's text is merely a 
brief essay, Which at times is no more than 
a list of the plates that follow it. The 
captions to the illustrations, which 
enlarge a little on the text, were not even 
written by Lord Clark but by three 
assistants. Most disappointing of all is the 
fact that the book is not primarily about 
the relationship between animals and 
man: it is largely a catalogue of western 
works of art that happen to contain 
images of animals. 

Text and plates are arranged around 
five subjects: “Sacred and Symbolic 
Animals”; “Animals Observed”; “Beauty 
and Energy of Animals”; “Animals 
Beloved”; and “Animals Destroyed”. 
A scholar of Lord Clark's academic 
stature, vast experience, and skill in 
communication is expected to bring 
insight and even humour to these topics. 
And he does. The balance between 
admiration, curiosity and love in our 
relationship with animals is nicely 
handled. And there are fascinating 
vignettes—like the fact that Leonardo was 
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Francis Barlow's frontispiece to his edition of Aesop's Fables 


a vegetarian; that Cezanne, Monet and 
Manet never painted an animal; and that 
for 700 years all animals in art were 
symbols for the evangelists. 

But the closest that Lord Clark comes 
to deeper issues is on the very first page, 
where he asks why the mythical harmony 





of animals and man in the Golden Age 
never actually came to pass. *The answer 
lies in that faculty which was once con- 
sidered man’s highest attainment, a 
gradual realization that the sounds he 
uttered could be so articulated as to 
describe experience, He discovered words, 
he could communicate with other men.” 
This idea (that language bluntly 
separates man and beast) recurs from 
time to time. To the Egyptians, the 
haughty speechlessness of animals made 
them worthy of worship. And we are said 
to play with animals because in doing so 
“we forget the difference that separates 
us—the faculty of speech. Children would 
rather play with a teddy-bear than with a 
small model human being, and they put 
long imaginary speeches into the bear's 
mouth. Thus, the barrier between animals 
and man is broken down”. Quite apart 
from the fact that Lord Clark does not 
seem to have heard of dolls, I do not trust 
the hypothesis that people are truly 
distinguished from animals by their 
speech, any more than the suggestion that 
the relationships between individual 
human beings rest on language alone. 
What of the remarkable communion 
that can exist between a rider and his 
horse. between a farmer and his herd, 
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between people and their pets? And, 
equally, what is it that makes us wince at 
the mindless existence of a battery hen or 
bristle with anger when we see magnificent 
animals languishing in tiny cages? 
| believe that our extraordinary empathy 
with animals springs from the fact that 
we are animals too, Animals with insight 
enough to recognise our biological 
oneness with other beasts. 

And yet our animal nature, as well as 
making us admire and understand the 
special skills of other species, also drives 
us to kill and eat a number of them, 
because that is what we, as animals, are 
clearly designed to do. Lord Clark 
certainly touches on this paradox in our 
attitude to animals. ““We love animals, 
we watch them with delight, we study 
their habits with ever-increasing curiosity ; 
and we destroy them.” But he does not 
face squarely the question of man as an 
animal of such cultural sophistication that 
he can use a representation of another 
species as an exercise in the exploration 
of his own deepest emotions. 

Even as an animal picture-book, it has 
some surprising omissions. Where are 
Henri Rousseau’s strange jungle beasts 
with their haunting eyes; the mysterious 
animal automata of Maurits Escher; and 
the folksy farmyard beasts of Marc 
Chagall? But more important, where are 
the works of art that explore the real 
question of man as animal? Goya’s 
terrifying masterpiece of Saturn Devouring 
his Children, the Tiepolo Martyrdom of 
St John of Bergamo (what a chance to 
compare it with the Delacroix or Rubens’ 
Lion Hunts); the mythical man-—beasts of 
Michael Ayrton; and the lumps of 
animal flesh that pass for portraits by 
Francis Bacon? 

Lord Clark explains in a Foreword that 
this enterprise grew out of a commission 
for a book on animals in art from the 
World Wildlife Fund (which will receive 
a contribution from its sales). “This by 
itself did not seem to me to constitute a 
subject," writes Lord Clark, “but on 
reflection it occurred to me that no-one 
had ever given much thought to the 
relationship of animals and men, and that 
this might be a subject worth exploring.” 
Of that there is no doubt. Let us hope that 
it will continue to be explored as part of 
the effort to establish the true nature of 
man, o A 
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Colin Blakemore is Royal Society Locke 
Research Fellow at the Physiological Labora- 
tory, University of Cambridge, UK. 
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Birds of prey, 
owls and 
seabirds 


Wuy birds of prey should be so popular 
is rather difficult to fathom, for they are 
not exceptionally popular with bird- 
watchers and there are many bird-lovers 


and perhaps shooters who would think of 


them as “cruel killers”. Perhaps sup- 
porters of birds of prey are just prolific 
writers, for each year they become the 
subject of several books. Last Christmas 
three books came to me for review; this 
year, they have retained their popularity 
with another three. Sometimes, one finds 
the same sort of text with the same facts 
and theories possibly presented in a 
slightly different way. Whether the texts 
are Original or ‘re-hashes’ depends on how 
far into the basic papers the popular 
writer is prepared to read. Two of the 
three books on birds of prey in this 
selection are written by well established 
raptor enthusiasts: Michael Everett writes 
on the Natural History of Owls (Hamlyn: 
London and New York; £3.50) and Lea 
MacNally provides an individual account 


of The Ways of an Eagle (Collins: 
London; £5.95). 
The Natural History of Owls is a 


‘popular’, large format book, well written 
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and well researched, with many photo- 
graphs chiefly in black-and-white: there 
may be some sense in this because plate 
after plate of brown and grey owls tend 
to become monotonous anyway. Also, 
most Owls conform to much the same 
physical pattern of a non-specialist 
predator, which are most highly developed 
towards living in the dark. Everett pro- 
vides particularly good reviews of the 
chief hunting methods used by owls, of 
which there are relatively few, and of the 
work undertaken by many authors on the 
feeding ecology of a number of species. 
He also summarises the known com- 
plexities of the predator—prey cycle; these 
tend to become ever more complex where 
the bird's range covers many habitats. 
Studying nocturnal birds is particularly 
difficult, even though “image intensifiers”’ 
have occasionally been brought into use 
for certain aspects of research. The final 
chapter “Owls and Man” returns to a 
theme which has been much worked on 
over the years—their effect on super- 
stitious Man. The author traces Man’s 
reactions to owls from the time when the 
owl was regarded as a welcome neighbour, 
to the time of the so-called agricultural 
revolution in the mid-eighteenth century 
and the rise in field sports, when all hook- 
beaked birds, regardless of their known 
food preferences, were destroyed as 
enemies. It is only recently that scientists 
of the Nature Conservancy Council, the 
Institute of Terrestrial Ecology and the 
Royal Society for the Protection of Birds 
have begun to show with incontrovertible 
data how misleading have been the 
prejudices of some of the shooting land- 
lords and their gamekeepers. In short, 
this book is a well written and easily read 
summary of what is known of the owls of 
the world. 

Lea MacNally’s The Ways of an Eagle 
is different in that it is based on personal 
experience with several pairs of eagles 
gained over 22 years as he followed his 
profession, first as a deer-stalker and 
latterly as a Warden of the National Trust 
for Scotland in north-west Ross-shire. The 
book is divided into four sections which 
deal with various aspects of the life 
history of the four pairs of eagles on 
which he had concentrated. The sections 
deal with the survival of the golden eagle, 
nesting and fledging, their food, behaviour 
throughout the season, and finally, four 
appendices detailing breeding success, 
weights of eaglets, lists of prey and nest 
material brought to the nest. One advant- 
age that this type of book has over the 
monograph is that the real personal 
experience shines through, so that you get 
the feeling that you are really with 
MacNally in the hills. You savour more 
clearly the thrill of seeing these huge 
eagles, for which Britain is one of the 
most important—if not the most import- 
ant—stronghold in the world. 

Even though MacNally concentrates on 
the golden eagle this book is not a mono- 
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graph: he has not collected or attempted 
to synthesise the results of the enormous 
amount of research which has been under- 
taken on the golden eagle. Notwithstand- 
ing this, Lea MacNally gives us a very 
readable account of the ways of the 
golden eagle. 

The Birds of Prey in Britain and Europe 
(Hamlyn: London and New York; £1.50) 
by Miroslav Bouchner and Dan Barta is 
a concise guide in colour, with a refresh- 
ingly different text written by a Czecho- 
slovakian and presumably based on 
different sources from that available to 
English writers. The illustrations perform 
their function and enable one to identify 
raptors when observed in ideal conditions. 
There are also two useful plates showing 
the typical underviews of most species, 
but these do not of course indicate the 
range of plumage variation possible with 
birds of prey. Unfortunately, this book 
has no bibliography; so it would be 
difficult for the serious raptor enthusiast 
to trace statements to their original source. 

Seabirds are another group of birds 
which have their adherents, and to cope 
with a popular demand from visitors to 
Britain’s coastline Bruce Campbell has 
written Birds of the Coast and Sea: Britain 
and Northern Europe (Oxford University: 
Oxford; £3.75), which has been illustrated 
by 64 paintings by Raymond Watson. 
Campbell’s text accompanies the paint- 
ings closely but he has also added shorter 
notes to describe the appearance and 
habits of the less common species which 
could appear but which have not been 
illustrated. Each specific text begins with 
a description of the plumage of each 
species, information about their geo- 
graphical range and breeding distribution, 
their calls, breeding behaviour, size of 
population, and finally anecdotal accounts 
of interesting aspects of a bird’s be- 
haviour. The whole is well written and 
should provide ornithological companion- 
ship. 

The illustrations do not reach the same 
standard as the text. The style of painting 
is representational, as far as the birds are 
concerned; Mr Watson does, however, 
avoid painting a bird’s habitat in the same 
detail and so the bird appears on a misty 
shore lit by subdued light. He does not 
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always get the shape of the bird quite 
right and often draws the bill rather too 
long. I think I might have trouble in 
trying to identify some of the small waders 
from these pictures but one or two of the 
pictures of gulls in flight have light, life 
and beauty. 


My final comment on this book is that 
it is sad to see the text printed in such 
small type. Presumably it was used in a 
laudable attempt to keep the price down 
—which is reasonable as present prices go. 


Another book which is not easy to read 
is the large format book with several 
photographs on each page. In Wonderful 
World of Birds and their Behaviour, by 
Donald Broom (Hamlyn: London and 
New York; £2.95), I get the impression 
that the designer was thinking more about 
designing the page to sell the book by its 
photographs than about the difficulty the 
reader might have in finding his way to 
the text through the jumble of pictures 
and legends. This lay-out I found particu- 
larly distracting, even though Donald 
Broom has written a text which gives a 
good succinct general description of 
different aspects of the way that a bird 
lives, beginning with a chapter on the 
physical characteristics of some of the 
more exciting birds of the world. This is 
followed by chapters on their evolution 
and a description of the families of birds, 
how they feed, their courtship and nest- 
ing, migration, and finally a chapter on 
the economics of birds as they are used 
by man or as pests. The colour photo- 
graphs are excellent and as a general rule 
the legends are informative. 


Penguin (Peter Owen: London, 1977; 
£5.95) is another seabird title, but the 
book is a personal account by L. Harrison 
Matthews apparently written from his 
50-year-old diaries about a visit with the 
Discovery expedition of 1924 to the 
Antarctic, on which he was primarily 
engaged in whale research. There are six 
chapters, five of which are headed by the 
names of various penguins and one 
chapter entitled Captain James Cook. The 
text is a mixture of anecdotes of early 
travellers in the far south, personal 
reminiscences of his own life and voyages, 
and of the birds encountered on them. 
The ornithological interest is rather thin, 
comprising extracts from his diaries about 
the birds he met 50 years ago and 
occasionally referring to more up-to-date 
work. The photographs were apparently 
taken at the same time. More recently 
taken and clearer photographs might 
have helped the layman, for whom the 
book must have been intended, with the 
identification of the species referred to in 
the text. It is a pity that the author did not 
stick to the subtitle Adventures among the 
Birds, Beasts and Whalers of the Far South 
as the main title for, as a personal account 
of his travels in the far south, this ts an 
amusing book to read. The title Penguin 
is misleading. 


Puffins 


Whereas most of the books that I have 
been reviewing have been about the 
results of other people’s research, there is 
only one book which described the tech- 
niques of watching birds. In this case, as 
its name Bird Count (Kestrel/Penguin: 
Harmondsworth, UK, 1977; hardback 
£2.75; paperback 75 pence) suggests, it 
summarises the various methods which 
have been developed largely by the British 
Trust for Ornithology for their surveys 
and censuses of the bird populations of 
various habitats in Britain, in which they 
have involved a large proportion of their 
membership. This book is intended for 





anyone interested in discovering more 
about wild birds in a methodical and 


thorough way. Humphrey Dobinson 
begins with a chapter identifying about 
60 common birds, which I would have 
thought was slightly out of place; anyone 
who was going to use the techniques that 
followed would need to have had far more 
experience at identifying birds before 
embarking on the surveys. He follows 
with chapters on the various methods of 
counting birds. The common bird census 
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has been an invaluable technique in show- 
ing changes in the population levels of 
breeding birds since 1962. The technique 
was Originally introduced at a time when 
many of Britain’s birds were dying as a 
result of the misuse of the organochlorine 
pesticides and when it was felt that the 
bird population needed to be monitored 
on an annual basis. The author gives 
a summary of some of the results of 
the first ten years of the survey. Particu- 
larly noteworthy was the discovery that 
several species of birds which bred in this 
country were severely hit by the disastrous 
droughts in the Sahel region, and popula- 
tion levels of several species, notably 
whitethroat and sand martin, were con- 
siderably reduced. The count also shows 
that the populations of many wintering 
species, goldcrest amongst others, have 
soared in recent years because of the lack 
of severe winters. Dobinson then goes on 
to describe other techniques of counting 
birds on waterways, how to count 
colonial birds including seabirds, how to 
find nests, and how to study migration. 
The book does not contain all the 
detail that a textbook would have, and 
anyone seriously needing to use these 
well-tried techniques would need to seek 
the original papers. There are also simpler 
methods of assessing the relative abund- 
ance of birds; this he does not mention. 
Mr Dobinson is a schoolmaster and his 
book was, I felt, written very much with 
the senior pupils and other amateur bird- 
watchers in mind, who may have passed 
beyond the listing and identification stage 
and want some project which will give 
them something more to think about. For 
this purpose, the techniques can produce 
useful results. Mr Dobinson has produced 
a very useful and serious book, which 
contains much useful information, 


Peter Conder 





Peter Conder recently retired as Director of the 
Royal Society for the Protection of Birds. 





Bird-watching in 
West Africa 


A Field Guide to the Birds of West Africa. 
By W. Serle and G. J. Morel, (Collins: 
London, 1977.) £5.95 





THis new Field Guide should prove in- 
dispensable to the growing number of bird 
watchers who visit West Africa. The area 
covered includes the entire bulge of Africa 
south of the Sahara and extending east- 
wards to Chad and the Central African 
Republic. The text is clear and concise, and 
contains many useful nuggets of infor- 
mation: how to tell, for instance, the differ- 
ence between the African golden oriole 
and its European counterpart, both of 
which may be in the same area at certain 
times of the year. 


The coloured illustrations are, of course, 
vital to amateur and professional ornitho- 
logists. and most of them are reasonably 
accurate, though a few are perhaps a shade 
too bright. It is a pity that the birds of prey 
are not in colour, as this group of birds is 
notoriously difficult and confusing to 
identify. The picture of the mouse-brown 
sunbird (opposite p225) shows a typical 
down-curved beak, whereas the de- 
scription (p229) clearly states that this 
sun-bird has a short, straight beak. 

These points aside, however, and bear- 
ing in mind that the book has around 1,000 
birds to deal with, this Field Guide reaches 
the high standard which ornithologists all 
over the world have come to expect from 
Collins. 

J."& G. Newmark 
r_a 
J. & G. Newmark have recently returned from an 
ornithological field excursion to West Africa 
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All the world’s 
a Stage 


Manwatching: A Field Guide to Human 
Behaviour. By Desmond Morris. (Jonathan 
Cape: London; Abrams: New York, 1977). 
£7.95; $16.95. 





“ALL animals”, says Desmond Morris. 
“perform actions and most do little else”. 
And all popularisers of ethology, he might 
have added, utter platitudes—and most do 
little else. The problem with his Field Guide 
to Human Behaviour is not so much that it’s 
simplistic (which it is) or misleading (which 
it is) as that it’s astonishingly trite. 

It is trite and at the same time demean- 
ing. If a zoologist is going to turn his 
binoculars——or opera glasses—on human 
beings he must get them the right way 
round; otherwise the people under study 
become manikins, the “field” of human 
behaviour becomes the land of counter- 
pane, the Human Comedy a puppet show. 
Morris, here as never in his earlier books, 
comes Over as an out-and-out reductionist. 
Animated little men and women trip across 
his stage, selfishly pursuing the goal of their 
own biological survival, pair-bonding and 
pair-breaking, staking out territory, hunt- 
ing the Sunday lunch; they wave to each 
other with one of the three types of wave, 
they show their friendship with one of the 
l4 types of tie-sign; they have their exits 
and their entrances. Most of the time they 
use clothing signals to cover these exits and 
entrances from view. 

Morris claims that as a “manwatcher™ 
he is simply doing for people what bird- 
watchers do for birds: he records their 
behaviour and attempts without bias to 
provide historical or functional expla- 
nations for it. But when men watch birds 
they are observing a foreign species; they 
can assume no privileged knowledge of 
what the birds are doing or why, When men 
watch men, however, (as perhaps when 
birds watch birds) such an assumption of 
initial ignorance is at best tedious and at 
worst insulting to common sense. If a bird 
was to read this book, it might well find 
many of Morris’s observations novel and 
intriguing. A person reading it, however, is 
certain to be less impressed: he must find 
much of the material boringly familiar 
(because he has been a manwatcher as long 
as Morris has), he must be irritated by the 
pseudo-scientific classification of beh- 
aviour patterns (because he guesses that 
they are largely Morris’s invention), and he 
must realise that many of the biological 
explanations are plain silly (because he 
cannot believe, for example, that “viewed 
biologically, the modern footballer is re- 
vealed as a member of a disguised hunting 
pack”). 

That said, here are nonetheless places in 
the book where the old Morris whom we 
knew and (some of us) loved takes over. 
Hidden in the bran, there are a few real 
prizes, Yet even when Morris does say 


something thought-provoking, the effect is 
lost because he fails to follow through. For 
reasons best known to himself and his 
editor, he quotes no authorities and no 
sources of evidence (the reading list at the 
back of the book has no immediate bearing 
on the text). The result is that all his more 
interesting assertions are left hanging in 
thin air. An informed reader may of course 
sometimes recognise where the ideas come 
from, but when he does so he will not 
always be reassured. For Morris is un- 
discriminating in what he is prepared to 
relay as established scientific fact: he has 
lifted some good ideas from the scientific 
literature, but he has lifted a lot of rubbish 
Loo, 

If people get little from reading the book, 
they may still find pleasure in looking at it. 
It is beautifully and informatively illus- 
trated. Indeed, the pictures often succeed 
where the words fail in giving insight into 
how human beings behave. Again and 
again, the evidence of particular photo- 
graphs belies the stilted text. Here are real 
people fighting, loving, praying to God. . . 
The camera, framing a moment of their 
lives, calls us to attend to things which we 
half knew but never waited to consider. 
Meanwhile, Morris calls us to attention, 
tells us what to think: “Religious displays 
are essentially submissive gestures per- 
formed towards a super-dominant figure 
the deity...” “More intimate than the 
Hand-in-Hand is the Waist Embrace (top 


Female sporting behaviour 
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right). Because it involves close trunk con- 
tact and impedes locomotion, it is usually 
employed by strolling couples with time to 
spare.. “The butchers shop has 
become the modern hunting ground, but 
now it is the woman who carries home the 
‘kill’, while her male engages in symbolic 
hunting called ‘work`™, In his own words: 
“Some individuals find the wink difficult to 
perform even as adults”. 

Nick Humphrey 





Nick Humphrey is Assistant Director of Research 
in the Sub-Department of Animal Behaviour at 
the University of Cambridge, UK 





Animal collections 
in the UK 


Animals on View. By Anthony Smith. 
(Weidenfeld and Nicolson: London, 1977.) 
£6.50. 





A GOOD guide should be concise, accurate 


and up-to-date, at least at the time of 


publication. Anthony Smith, in his ex- 
tremely well illustrated guide to Britain's 
safari parks, zoos, aquariums and bird 
gardens, succeeds in achieving these re- 
quirements most successfully, and the gen- 
eral user will have little to complain about. 
The eyebrows of the regular zoo user may 
be raised a little over one or two caption 
errors Which make parakeets of love birds 
and American bison from European ones. 

It should not be imagined that the guide 
takes a clinical approach to the subject. 
Anthony Smith has done too many exciting 
things elsewhere to allow this to happen. 
He describes the factual details of the 
collections without turning it into a check- 
list of all the flora and fauna, but em- 
phasises those aspects of breeding, 
exhibition and use for which individual 
zoos are famous. He also goes on to assess 
the management of some of the larger 
collections and in one or two cases he 
accurately predicts their closure. His as- 
sessments, which are of course the im- 
pressions gained on his visits to all the 
major collections in the guide, add another 


interesting dimension to the work, 
Anthony Smith’s introduction to the 
book covers most aspects of animal col- 
lection management and the problems 
which can arise. I think he is very right to 
bring out these points, although one gets 


the feeling that here is the embryo of 


another book, which hopefully will be 
forthcoming, as the introduction is bound 
to leave very large question marks in many 
readers’ minds. 

His bias towards safari parks does shine 
through a little too brightly for the average 
“zoo man’, but this is perhaps inevitable 
from someone who has been fortunate 
enough to spend much time in the wild 
places of the world and who is perhaps 
more aware of space in an ethereal sense 
than in terms of practical animal manage- 
ment. There are good zoos and good safari 
parks in terms of how much regard they 
give to the welfare of their animals. Sadly 
there are also bad ones in both categories. 

The work is an important addition to 
any regular zoo user's bookshelf. and | 
believe that the more casual of zoos’ twelve 
million or so annual visitors would obtain 
considerable interest and insight into the 
enormous variety of creatures that may be 
seen in collections, large and small, 
throughout the length and breadth of the 
UK. 

R. J. Wheater 


RJ: V heater is Director öf the Royal Zoological 
Society of Scotland, Edinburgh, UK. 
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African 
wildlife 


PICTURE BOOKS about African wild ani- 
mals suffer a population explosion inversely 
proportional to the decline in the popu- 
lations of their subjects. All the arts and 
crafts of photography and book design 
combine in sharpening their competition 
for dominance in the face of the selective 
pressure of the bookshop browser, who is 
himself in danger of being bewildered by 
the plethora of jostling titles. 

Some books are the outcome of scientific 
studies on the lives of various large ani- 
mals. and are valuable contributions to 
knowledge made by naturalists who, sur- 
prisingly, seem now to prefer being called 
ecologists, ethologists, and so on, as a 
fancied boost to their dignity—Linnaeus, 
Gilbert White, Darwin, Wallace, Bates and 
the other giants of the past needed no such 
props. 

Most of the books, however. are essen- 
tially picture books, often of the highest 
photographie standard, showing the beaut- 
ies of tropical scenery and animal life. They 
concentrate on the eye-catching and spec- 
tacular parts of the flora and fauna, but 
give little information about them beyond 
the “visual display”. 

The third class is that of the doomsters 
bewailing the fact that the frontiers of the 
wilderness are steadily receding in the face 
of ever-growing human occupation and 
development of the land. Much as the loss 
may be deplored, it is a fact that will not go 
away: wildlife is rapidly becoming confined 
to reserves and parks which, as time goes 
on, will become more and more artificial 
under management and conservation. 
Only those species such as the jackal in 
South Africa, and the fox and badger but 
not the otter in Great Britain, that can 
Survive persecution by man, will remain as 
wild animals. Even now the average pack- 
uge tourist, conducted to viewing points, 
und sheltered in hotels or lodges with all 
European amenities so that he is protected 
from any close contact with the wild, sees 
little more than he does in a “Safari Park’ at 
home—only the scale is larger. The very 
word ‘safari’, used by the exploiters to 
beguile him with romantic overtones. 
merely means a caravan of beasts of bur- 
den, or a journey. 

The White Lions of Timbavati, by Chris 
McBride (Paddington: London, 1977; 
£5.95) is the by-product of a scientific study 
on ihe lives of a group of lions that 
McBride kept under observation for about 
a year in a large private nature reserve in 
the north-eastern Transvaal. The group 
consisted of two dominant males sharing 
half a dozen lionesses accompanied by 
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their cubs and adolescent offspring, One of 


the lionesses produced a couple of white. 
but not albino, cubs. on whose birth and 
early life the story concentrates. Later, 
another white cub was born to a different 
lioness, and the author thinks the white 


Lions 


births were a result of the frequent matings 
between father and daughter or grand- 
daughter, so that homozygotes for the 
recessive white gene appeared. The white 
cubs were handicapped by their lack of 
concealing colouration, and probably sur- 
vived only because McBride provided them 
with food at critical times. His book tells of 
his adventures with his wife and small 
daughter living in a bush camp while study- 
ing the lions, and makes an excellent read. 


He has a pleasant straightforward style of 


writing, and in addition to his narrative he 
sets out his common-sense thoughts on 
wildlife conservation and management. 
Savage Paradise, by Hugo van Lawick 
(Collins: London, 1977; £13.95), is a pic- 
ture book. Van Lawick claims to be a 





cameraman first and only secondarily a 
naturalist. His large coloured photo- 
graphs, up to 20 by 14 inches in size. 
illustrating the lives of the predatory ani- 
mals of the Serengeti plains and their prey. 
ure unsurpassed in subject and com- 
position. The author hopes that his pic- 
tures will reflect his love for the Serengeti 
und the Ngorongoro Crater; “but in an 
honest way, for with its beauty there is also 
harshness, a savage struggle to survive ina 
paradise.” Savage indeed is the picture of 
half a dozen hyaenas tearing out the en- 
trails of a living zebra: in spite of the zebra's 
facial expression, the author assures us that 
“itis doubtful if the prey feels much pain”, 
a thought that may comfort him if he ever 
finds himself in a similar predicament. He 
prefaces his book with informative essays 
on each of his subjects—lions, leopards, 
cheetahs, hyaenas, jackals, and wild 
dogs— detailing his experiences with each 
species and “some of the remarkable things 
that happened while I was watching them.” 
This is a superb book of its class. 

Pyramids of Life. by John Reader and 
Harvey Croze (Collins: London: Leppin- 
cott: Philadelphia; £6.95; $12.95), is a very 
different book. Although every page is 
adorned with splendid photographs taken 
by Reader. the pictures are chosen to illus- 
trate the text of each ‘double spread’ by 
Croze. The main theme of the book is the 
circular movement of energy through each 
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ecosystem, the cycle starting with the soil 
receiving sunlight, water and air to produce 
plants that are eaten by herbivores which in 
turn are eaten by the carnivores at the top 
of the pyramid, At any point in the ascent 
from primary producer to carnivore, the 
organisms may die, whereupon their bodies 
are reduced by mostly microscopic decom- 
posers into simpler substances which re- 
turn to the soil for the start of another 
cycle. All this may seem obvious enough, 
but the infinitely varied paths that the cycle 
can take, and the inter-relationships of the 
plants and animals concerned, as described 
and pictured here, will be a revelation to 
the intelligent layman who prefers to 
understand something of what he sees 
rather than merely making it the subject of 
holiday snapshots, In the epilogue, Croze 
points out how knowledge of the way the 
amounts of energy and materials determine 
the number of animal and plant pipelines, 
up through the pyramid of life and back 
down to the soil, can be used to preserve the 
richness and yield of terrestrial ecosystems; 
and that we should not be discouraged by 
the notion that natural beauty is not its 
own excuse for existence. More care in 
editing the book would have avoided such 
a solecism as “an algae is’, repeated twice. 

In Noah's Ark is Stranded, by Björn 
Berglund (Macdonald and Jane's, 1977; 
£6.95), the author claims to deliver the 
“message of African ecology”. Berglund is 
a Swedish journalist who wrote his book 
after visiting nine East African national 
parks, where he was shown all the usual 
sights. The accuracy of his observations on 
animals may be judged by the double-page 
photograph of a crocodile walking in a 
manner exactly the opposite to that stated 
in the caption, The author seems to suffer 
from the typical Swedish guilty conscience, 
for throughout his book he gives the main 
emphasis to bemoaning man’s destructive 
impact on his environment in Africa. He 
tells us that “ecology teaches the de- 
pendence of the living organism upon the 
environment and their harmonious in- 
teraction’, and concludes with a glimpse of 
the obvious in the admonition that “we 
must accept that we function within an 
environment”, asking: “are we able to live 
in harmony with each other and our en- 
vironment ?™. He need not look far for the 
answer. 

Back in the Wild, by Sue Hart (Collins: 
London, 1977: £5.50), is a collection of 
short articles reprinted from a South 
African newspaper. Most of them are 
about conducted visits to various parks 
and reserves, where the author seems to 
have looked on the larger members of the 
fauna as people dressed up in animal skins. 
The articles are so slight, superficial, and 
often inaccurate as to fact, that one well 
may wonder why a publisher should bother 
to reprint them. The drawipgs by Mrs 
Leigh Voigt are better than the text. 

L. Harrison Matthews 





L. Harrison Matthews was Scientific Director of 
the Zoological Society of London fram 1952-66. 
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Ornamental 
creatures 


nae 


CHRISTOPHER LEVER’S exciting and schol- 
arly book The Naturalized Animals of the 
British Isles (Hutchinson: London; £7.50) 
is full of surprises. Did you know that 
there are Mongolian gerbils on the Isle of 
Wight, Midwife toads in Bedford, Pump- 
kinseeds (a species of sunfish) near 
Tunbridge Wells and Wallabies in York- 
shire? These strange animals and many 
more are established in the wild in Britain 
in self-maintaining populations. Many of 
our more familiar animals have also been 
introduced by man, including the rabbit, 
brown rat, house mouse and grey squirrel. 
Fifty-nine species of vertebrates are 
described with a separate chapter devoted 
to each, in which the author describes 
exactly how, from where and when, the 
animal was introduced, and summarises 
its biology and the effects of the intro- 
duction on our native flora and fauna. 

Many species, such as the pheasant, 
were introduced on purpose for their food 
value. Others were brought here for 
“economic reasons’’, like the little owl, 
imported from Italy by an eccentric who 
had the inspired idea that it would be a 
useful means of pest control in the kitchen 
garden and would also rid our church 
belfries of their sparrows and bats. The 
difficult question of the advantages and 
disadvantages of introducing foreign 
creatures is discussed. Few would deny 
that we would be better off without the 
rat; but for Christopher Lever, at least, 
life in Britain would be miserable without 
such ornamental creatures as the beautiful 
and harmless Mandarin duck, to whom he 
dedicates his fascinating book ‘“‘with 
admiration and affection”. 

Introduced animals, however, can have 
disastrous effects. Feral dogs on the 
Galapagos Islands have gone wild and are 
decimating several of the island popula- 
tions of land iguanas. A captive breeding 
project has been set up in an attempt to 
protect these magnificent beasts. This, 
together with many other conservation 
efforts by the World Wildlife Fund 
(WWE), is described in their yearbook 
The World of Wildlife edited by Nigel 
Sitwell (Hamlyn: London; £2.95). The 
book, which is illustrated with some 
superb photographs, contains sixteen 
chapters on endangered species, including 
the tiger, narwhal, whooping crane and 
desert pupfish, and describes the efforts 
that are being made to save them and 
their habitats. Thanks to the successful 
Operation Tiger campaign, launched by 
the WWF, reserves have been set up 
throughout India, and the tiger now has a 
good chance of survival. 

The most dramatic success of the WWF 
conservation effort last year must be the 
Italian government’s agreement to give 


complete protection to the hundred or so 
remaining wolves in the Apennine moun- 
tains. And let us give a thought this 
Christmas to the beautiful scimitar horned 
oryx, now in grave danger of extinction. 
An important breeding centre has been 
set up in the Marwell Zoological Park in 
Hampshire, so perhaps we can look for- 
ward to the day that the oryx join the 
wallabies as naturalised British citizens? 

I sometimes wonder just why it takes so 
long for new ideas in the scientific litera- 
ture to filter through to the popular book 
market. /nside the Animal World by 
Maurice and Robert Burton (Macmillan: 
London; £6.95) is subtitled An Encyclo- 
paedia of Animal Behaviour, and although 
it provides an extensive catalogue of 
behaviour, it leaves little room for expla- 
nations of how the behaviours could have 
evolved or what ecological circumstances 
favour certain behaviour patterns rather 
than others. Thus, we are told that some 
species of frogs are good parents though 
others are not; but the interesting question 
is why is there a difference ? 

The vital function of territorial be- 
haviour is said to be the regulation of 
population numbers so as to prevent over- 
crowding. But I feel that the layman is 
entitled to an answer to the question of 
why the “doomed surplus” accept their 
miserable role in life. There is next to no 
reference to the fact that different indi- 
viduals may be selected during evolution 
in different ways. How much more fas- 
cinating courtship behaviour becomes 


Desert 
habitats 


IN spite of all the constraints desert con- 
ditions impose on human activity, they do 
generate in the individual a great sense of 
freedom. This, perhaps, explains why so 
many of those whose names are so closely 
linked with arid regions were, above all, 
great individualists. Arabian explorers like 
Lawrence, Philby and Thesiger have their 
counterparts in the New World- nat- 
uralists who, in their very different way. 
were no less individualistic and devoted to 
the desert habitat. Twenty years ago, two 
books of Edmund C. Jaeger (now in his 
nineties, and still enjoying the desert en- 
vironment in Riverside, California) formed 
an excellent mtroduction to the North 
American deserts, particularly those of 
Cahfornia. In the early sixties, Alonzo 
Pond wrote his highly individualistic ac- 
count of deserts in The Desert World. Inthe 
same mould is Raymond B. Cowles. Born 
and raised in the South African bush, he 
subsequently spent nearly sixty years 
studying the adaptation of hving or- 
ganisms to desert conditions in Southern 
California. He pioneered work on reptilian 
thermoregulation; and his Desert Journal 
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when we realise that optimal reproductive 
strategies for males and females are rarely 
similar. Animals may often signal their 
sex “because it is a waste of time for a male 
to court another male’, but in some 
instances it apparently pays a male to 
mimic female behaviour. Some male 
elephant seals pretend to be females (the 
“Danny la Rue strategy”) and join a 
harem to steal copulations, unnoticed by 
the dominant male. Surely we can no 
longer be satisfied with explanations of 
courtship displays as “designed to over- 
come the fear of close contact”, or of 
lions killing young fathered by other 
males as a result of a “feeding frenzy”. 
Male lions can in fact enhance their 
reproductive success by such murderous 
behaviour, because this brings the females 
into oestrus again sooner and thus hastens 
the day that the male can sire his own 
offspring. 

This is, however, an attractive book and 
will fascinate those readers who want to 
learn about how wonderful nature is, 
without wanting to know the reasons why. 
I feel that the lovely line drawings by 
Hilary Burn and the outstanding photo- 
graphs by Jane Burton deserve con- 
siderably more acknowledgement than 
their brief mention on the flyleaf of the 
dustjacket. Nicholas Davies 





Nicholas Davies is Demonstrator in Zoology at 
the Edward Grey Institute of Ornithology, 
Department of Zoology, University of Oxford, 
UK. 


(University of California Press: Berkeley, 
Los Angeles and London, 1977; $10.95; 
£8.25) is a reflective account of the back- 
ground to these studies. The work conveys 
his enthusiasm, insight and excitement at 
unravelling the nature of the behavioural 
and physical adaptations of desert animals 
to the lethal heat and aridity of their 
habitat. More than this, it gives the reader 
an appreciation of the total desert environ- 
ment. 

The Desert, by J. L. Cloudsley- 
Thompson (Orbis: London, 1977: £4.95), 
makes equally easy reading but is quite a 
different work. Connoisseurs of coffee- 
table culture may be forgiven if they recall 
similar offerings from other publishers 
(Time-Life, Aldus), some with the same 
tile, some with similar photographic 
credits, some even with the same author. 
But readers can be assured that the text is 
different. Also. only in the volume under 
review are the cold deserts of polar regions 
considered in addition to hot deserts. At 
the price, this handsome volume is good 
value for the layman and widens his choice 
ofimtroductory books from what must now 
be an almost saturated market. 

M. J. Chadwick 


M. J. Chadwick is Senior Lecturer in Biology at 
the University of York, UK, 
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Pictorial delights 
in marine science 
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Tuts year has seen the publication of five 
books on various aspects of life in the seas 
and oceans. All are published to a high 
standard and are sometimes called 
‘coffee-table books’, designed to attract 
the casual looker rather than the hard 
reader. All of them are intelligible to the 
non-scientist but some would be useful in 
sixth-form (advanced school) libraries or 
for general reading by undergraduates, 
thus giving a wide potential market. 

Probably the most information is 
packed into The Undersea (Cassell: 
London; Macmillan: New York; £12.50; 
$27.50), a book of grand dimensions 
edited by N. C. Fleming of the UK 
Institute of Oceanographic Sciences. It 
contains chapters by different authors on 
the ocean floor, the water itself, plant life, 
salt-water animals, the ocean resources, 
the use of ocean space, underwater 
archaeology, diving and divers, submarine 
craft, and marine law and politics. This 
is oceanology rather than oceanography. 
The book is expensive but the standard of 
production is high, with hundreds of 
black-and-white and coloured photo- 
graphs and diagrams. A major criticism 
is that the legends for these are often 
inadequate and some of the diagrams are 
poorly conceived, Although some of the 
chapters are difficult, for example that on 
the ocean floor, most of them will be 
understood by the lay reader. There is a 
good index and modest bibliography. 

The other four recent books are more 
limited in scope. In The Seashore and Its 
Wildlife (Orbis: London; £5.95), Robert 
Burton, a naturalist author, sets out to 
describe the nature of the shore, how it is 
formed, its variability in different parts of 
the world, and its flora and fauna. This 
delightful book is packed with excellent 
colour photographs, and the text is 
readable and informative, with a good 
index and bibliography. It must rate as 
a best buy in terms of production standard 
and price, if one wants a book on the 
shore, but I would rate it educationally 
only up to sixth-form level as general 
reading. 

In a rather similar category is Animals 
of the Oceans: The Ecology of Marine 
Life by Martin Angel and Tegwyn Harris 
(Eurobook/Peter Lowe: London: £4.75), 
which contains many excellent photo- 
graphs but also some poor and distinctly 
garish diagrams. There are chapters on 
the ocean environment, the ocean’s fishes, 
the edge of the sea, coral reefs and 
mangrove swamps, plankton, the open 
sea, air-breathers, and man and the 
ocean, There is a short bibliography and 
glossary, and an index. This book is 
obviously good value for money; it is 
elementary in style but readable and 


fairly informative. Perhaps the authors 
tried to do too much in the space available. 

Finally, there are two books on marine 
mammals. In The Encyclopaedia of Sea 
Mammals  (Hart-Davis, MacGibbon: 
London; £12) D. J. Coffey sets out to 
produce something approaching an 
encyclopaedia. There are three main 
sections: dolphins, whales and porpoises; 
seals, sea lions and walruses; and dugongs, 
sea cows and manatees. With each group 
there is an alphabetically arranged list of 
features on life history, ecology, exploita- 
tion, and so on, followed by a list of 
species, each briefly described, There are 
some indifferent diagrams, some really 
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identification. Both books bring out well 
the lore surrounding sea mammals, 
especially the Cetaceans, and they rightly 
point to the problems of conservation, 
| find their strictures on the use of 
dolphins in warfare less easy to under- 
stand. It seems to me that using dolphins 
to flush out enemy frogmen or carry 
limpet mines is little different from the 
widely accepted use of police dogs or 
horses. 

When reviewing popular or semi- 
popular books of such a high standard of 
production, an inevitable comparison is 
made with the strictly technical literature, 
where £20-30 is a common price range. 


print, The workers’ efforts are spurred on by the bagpipe player and flagbearer (left), while 
in the background less fortunate whalers fall prey to fearsome monsters. Illustration taken 
from The Encyclopaedia of Sea Mammals, reviewed on this page. 


excellent photographs, and copies of 
prints and other pictures dealing with the 
subject. The academic standard is about 
six-form level. Although the book could 
be used to identify some of the species 
described, it is by no means a key .to 
identification, and many of the photo- 
graphs are taken for dramatic effect rather 
than recognition, At £12, this book is by 
far the highest-priced for its size. Perhaps 
the price is set high because the book is of 
more limited interest and the potential 
sales therefore lower. 

Mammals of the Seas by R. M. Martin 
(Batsford: London; £4.95) is a book of 
similar length, style and standard to the 
Coffey book. The difference in price, 
however, is astonishing. Species are listed 
and there is a glossary, index and biblio- 
graphy. It is a pity that neither book 
contains a really good key or section on 





Presumably, such technical books sell 
1000-5000 copies. What is the estimated 
sale for the books under review? The 
publishers no doubt have done their 
market research and are exploiting the 
present vogue in natural history and the 
oceans. Sales will go up before Christmas, 
since such books will catch the eye of 
parents seeking presents; these books may 
get into school and public libraries, and 
individuals may indulge themselves. As a 
marine biologist, I like The Undersea best. 
All the books, hoWever, contain an 
excellent range of colour photographs, 
and even if the text of some of these books 
is banal in places they are a pictorial 
delight. J. H. S. Blaxter 
a 





oe 
J. H. S. Blaxter is Senior Principal Scientific 
Officer at the Dunstaffnage Marine Research 
Laboratory, Oban, Argyll, UK. 
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Medicinal and 
herbal plants 





PUBLISHERS seem to be producing an 
army of books on the power of plants 
—how to grow them and use their 
products. Here are two more popular 
texts for those inclined to do-it-yourself 
medication or those interested in the 
subject from a more academic angle. 

Guide to Medicinal Plants by P. Schauen- 
berg and F. Paris (Lutterworth: Guild- 
ford, UK, 1977; £5.95) is translated from 
the French and is a straightforward, 
workman-like production. It is responsible 
in its attitude towards a subject which is 
not always treated with the respect it 
deserves: there may be a thin line between 
therapeutic and poisonous doses in some 
medicines of plant origin. 

The plants are arranged according to 
their active principles—alkaloids, flavon- 
oids, saponosides, tannins, and so on— 
each chapter being prefaced by a short 


r 


Illustration of Bryonia dioica (root), taken 
from A History of Herbal Plants, reviewed 
on this page. In the fifteenth and sixteenth 
centuries, the roots of the Briony were 
roughly shaped to represent the human form 


and implanted with Millet sprouts, to 

simulate the hairy Mandrake. These were 

then sold for large sums of money because 
of their reputed medicinal powers. 


account of the constituents under con- 
sideration. Most of the plants listed are 
either native to or commonly cultivated 
in Europe, and at the end of the book 
there is a chapter, on medicinal plants 
from other continents. This latter seems 
to be a fairly arbitrary selection, varying 
from coffee and sarsparilla to nux-vomica. 
The entry for each plant is short but 
adequate, giving Latin, French, German 
and English names, distribution, a short 
description, flowering and collecting 
seasons, active constituents, properties, 
and so on. A chapter on tisanes and 





compresses makes fascinating reading: a 
gargle based on sage and red wine might 
make a sore throat almost worthwhile. 

The occasional line drawings scattered 
through the text are not very helpful and 
could well have been omitted, but the 
coloured drawings at the end, though not 
outstanding, are pleasant and the plants 
recognisable. 

A History of Herbal Plants by R. Le 
Strange (Angus and Robertson: Lewes, 
UK, 1977; £8) is in complete contrast. 
The author has obviously read widely, if 
somewhat indiscriminately, and has, it 
seems, put down as much about each 
plant as his publisher would allow. Un- 
fortunately, not all the information is 
accurate, and the nomenclature, both 
Latin and English, leaves something to be 
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desired—the Oregon grape has been 
known as Mahonia aquifolium for very 
many years now—but this no doubt is 
due to inadequate sources of reference. 
Each entry is illustrated but the draw- 
ings are often rather odd and in a number 
of styles; some, such as that of Viola 
tricolor, resemble those in Victorian 
gardening books and are charming, but 
some of the others are formalised to the 
extent of looking like decorative tiles, as 
in the Aristolochia clematitis. A History 
of Herbal Plants is, however, quite enter- 
taining. 
Rosemary Angel 


Rosemary Angel is Head of the Museums 
Department at the Royal Botanic Gardens, 
Kew, UK. 





Making use 


> 
of twigs 
Plants with a Purpose. By Richard 
Mabey Pp. 176. (Collins: London, 
1977.) £4.50. 





RicHARD Masey wants us to recapture 
the sense of intimacy with plants that 
was known to our ancestors, and to 
help us he has written a book about 
the household uses of some of the com- 
moner wild plants of Europe and North 
America. The result is a hybrid between 
a historical survey and a collection of 
helpful hints, which at first glance 
might seem appropriately subtitled A 
Hundred and One Things to do with 
Twigs. 

The versatile twig and its close 
relatives, the stick and the sprig, cer- 
tainly feature prominently, and it is 
possible to imagine a culture based on 
their use. In the dark ages, before 
science and technology began, the twig 
people would rise early from their 
heather mattresses, and chew on twigs 
to clean their teeth. They used bundles 
of birchwood to light their fires, on 
which they cooked a mess of pottage 
prepared using whisks made from 
handfuls of birch twigs—very satisfying 
to use, though rather fiddlesome to 
wash, Mabey assures us. They swept 


their floors with birch brooms and 
strewed them with pine twigs. Each day 
would include an expedition to the 
forest to collect twigs. Older twig 
people took their ash walking sticks, 
and everybody wore sprigs of elder or 
wormwood in their hats to keep flies 
at bay. The day’s collection of woody 
material was carried home in wicker 
baskets woven from willow twigs. 
When a woodland fire was encountered, 
it was beaten out using a bunch of fine 
birch twigs—presumably larger than 
those used for the whisks. The twig 
children usually played with catapults 
made from small forked sticks. 

It seems unlikely that this book will 
stimulate a renaissance of the twig 
culture, or start a mass vogue for rush- 
lighting, nut polishes or homemade 
herb shampoos. Doubtless, the Forestry 
Commission would not be overjoyed if 
it did. But a pot pourri or a pressed- 
leaf bookmark is a simple reminder of 
the versatility of plants. Richard 
Mabey’s book includes many such 
reminders, and will encourage a greater 
appreciation of the value of plants. 
Perhaps it will even help to restore 
their former intimacy. 

Mary Lindley 


Mary Lindley is Assistant Editor of 
Nature and a former student of botany. 





Victorian 
Natural History 


The Family Naturalist. By Michael Chin- 
nery. Pp. 192 (Macdonald and Jane's: 
London, 1977.) £6.95. 


I WAS fortunate enough to have a mother 
who was born in 1873, when Queen Vic- 
toria was on the throne, and who was one 
of the earliest women students of biology at 
what was then the Durham College of 
Science in Newcastle upon Tyne. Marriage 
prevented her from exercising her pro- 


fession, but she introduced me to Natural 
History. From the age of three, we collected 
wild flowers, probably illegally, in the un- 
tidier parts of the Pollock Estate in sub- 
urban Glasgow. When, at the age of seven, 
I moved to rural Renfrewshire, I could 
already identify many of the common 
plants and insects. I pressed flowers and 
reared caterpillars in the nursery, and 
scared the maids with newts which escaped 
and found their way into the kitchen. We 
had all the texts for the well-brought up 
child. I remember particularly Eves and No 
Eyes; this and other books of the same 
genre deserve to be reprinted. 
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This interest in Natural History was not as 
elitist as some may think today. My earliest 
mentor, outside the family, was David 
Borland. one of the few surviving hand- 
loom weavers in the village of Kilbarchan 
He was a rugged independant, enjoying a 
penurious self-employment which 
him freedom to take time oll and wander 
the countryside with two or three boys. 


pave 


who were constantly fascinated by his 
knowledge of wildlife and his powers ol 
observation. | continued to be lucky when | 
went away to school, as on halt-holidays | 
was allowed to explore the Teesdale 
countryside, occasionally guided by Bent- 
ley Beetham. who later graduated to Ever- 
est expeditions. from climbing chiis to 
photograph peregrines 
Children today are not so fortunate 
They do indeed have a marvellous selection 
of glossy Natural History books, lavishly 
illustrated. but few of these contain the sort 
of “meat” so satisfying to the enquiring 
child, that the improving Victorian writers 
and teachers provided. Michael Chinnery's 
The Family Naturalis: fills this gap. It 
explains how to record, to observe and to 
investigate all aspects of Natural History. It 
is Written simply enough to be understood 
by quite young children — at seven, | would 
have made it my bible. Even parents with 
no previous knowledge of the subject will 
be able to follow the text and the tn- 
structions. At the same time, professional 
ecologists who find it difficult to com- 
municate their interests to their own child- 
ren will find it invaluable-—it may even 
enlighten them on some aspects of then 
own speciality. Although Michael Chin- 
nery adopts the approach of the best 
Victorian uncom- 
promisingly contemporary. He realises the 
need for conservation and the danger the 
ardent collecting habits of the nineteenth 
century naturalists would present if they 


were adopted by thousands ol present-day 


naturalists. he is also 


children, when pressures on our flora and 
fauna are so much greater 

The book ts therefore warmly recom- 
mended to both parents and children, 
whether or not they are already actively 
involved with Nature. Even town dwellers 
who only visit the country occasionally will 
hind how to make those visits more interest- 
ing, and learn what (and what not) to take 
home for further study.Some ol the exer- 
cises can even be carried out in urban areas 

Even this excellent book, however, will 
not work miracles. Some parents will be 
disappointed if they find they have children 
with no in-born interest in Natural History 
My elder brother. brought up in the same 
environment as | became re- 
motely interested in plants or animals. But 
there are a great many parents and children 
to whom Michael Chinnery’s splendid 
book will bring great pleasure and a much 
better understanding of the world in which 
they live 
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Kenneth Mellanby 


A talent 
to amuse 


Worlds within Worlds: A Journey into 
the Unknown. By M. Marten, J. 
Chesterman, J. May and J. Trux. 
Pp. 208. (Secker and Warburg: Lon- 
don, 1977.) Hardback £7.95; paper- 
back £3.95. 





PERHAPS the least effective method of 


obtaining funds for a project is to 
argue that the results will provide 
pleasure for idle people. But when 


more telling arguments have extracted 
the money, the technology has been 
developed, and the results have ap- 
peared, then the pleasure may be there 
all the same and we would be foolish 
not to take advantage. That we can 
do with Worlds within Worlds, a 
collection of pictures resulting from 
advanced technology that allows us to 


be entertained during moments of 
idleness 
Not all such collections have the 


ability to entertain. The authors of this 
one are therefore to be congratulated 
on their choice of material. In a book 
of some 200 pages, they present a 
sample of images covering the wave- 
length range from audio to X rays. It 
has been done before—indeed, it has 
frequently been overdone, and certain 


topics have appeared with a sickly 
regularity—but Worlds within Worlds 
provides a refreshing change. The 
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authors present an intelligent selection 
of pictures, including many old favour- 
ites: bullets bursting balloons, diffrac- 
tion patterns, crystal structures, marine 
organisms, bacteria, and images of out 
internal organs. Satellite cameras pro- 
duce fascinating views of the Earth 
and its weather; and the Solar System 
is the source of a variety of stunning 
photographs. But the most fascinating 
photographs are of the effects produced 
by invisible objects—heat images. False- 
colour images from computer coding 
provide a contrast with the realism of 
optical wavelength photography; and 
the authors are sensible enough to in- 
clude a judicious selection of black 
and-white photographs. The result is a 


book of surprises and contrasts with 
great visual appeal. 
The same intelligence can be de- 


tected at work in the figure captions, 
but with less success. It is unfor- 
tunately a luxury to expect information 
from the text of a book of this type; 
yet, here the pictures have been chosen 
not only for aesthetic reasons but also 
because there is a story to tell. Often 
the captions are interesting and infor- 
mative, occasionally fascinating, but 
sometimes they degenerate into the 
naive and sensational. Although below 
the high standard of the pictures, the 
text nevertheless adds to the enjoyment 
of the book rather than being an irri- 
tant. Relating the text to the pictures, 
however, can be frustrating: faint num- 
bers can be seen below the pictures 


Colorado River Delta in the Gulf of California. The River is the black expanse at 
the bottom of the picture, with its waters branching out through the white sandbars 


to gain access to the sea at the top 


Illustration taken from Worlds within Worlds, 


reviewed on this page. 
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after some hard searching, but they 
could usefully have been more obvious 
while remaining unobtrusive. 

A brief guide to the electromagnetic 
spectrum, and the techniques used to 
explore phenomena at different wave- 
lengths, rounds off the book. This is 
not a reference book and not a book 
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Palaeontological 
pop 


THe Christmas dinosaur season is upon 
us once again. Two major offerings of 
large format by Richard Moody and 
Michael Tweedie both have authoritative 
texts. Moody’s Natural History of Dino- 
saurs (Hamlyn: London; £2.95) has a 
29-page introduction that is packed with 
information, highly condensed and is by 
no means an easy read. Evolutionary 
changes are documented but for my 
money I would have liked to have seen a 
more extended discussion of the func- 
tional aspects, and at least something 
on the other aspects of the contemporary 
faunas to give a more rounded picture of 
the natural history of dinosaurs, There 
are one or two jarring bits of information. 
I have never heard of the pelycosaur 
Dimetrodon having its teeth “differen- 
tiated into incisors, canines and cheek 
teeth” and the occasional purple passage 
such as certain dinosaurs “grinding 
mouthfuls of “Mesozoic cud’” have 
implications with regard to feeding habits 
that are unfounded. But really I have no 
quarrel with the author’s contribution. 
It is a worthwhile job well done, given 
the limited space at his disposal. 

The main part of Moody’s book is a 
series of plates with explanatory accom- 
panying texts. The type-face is larger, 
and the mini-articles are easy to read and 
surprisingly informative; again the author 
has done a good job. This book is clearly 
intended to sell as a picture book, and 
five different artists have contributed to 
this. Ann Baum is a most accomplished 
artist and her illustration of Acantho- 
pholis playing wheelbarrows is far and 
away my favourite dinosaur illustration. 
It is a charming picture and leaves one 
with the impression that the range of 
dinosaur behaviour was more varied than 
we had previously imagined. My next 
favourite is Tony Morris’s duckbilled 
dinosaur Brachylophosaurus shown in a 
tender embrace of what could only have 
been the last waltz. A few illustrations 
are indescribably bad and grossly in- 
accurate. Finally itis a great shame that 
there were only two illustrations by 
Thomas Crosby-Smith. His Mandasuchus 
feeding on the corpse of a dicynodont in 
the pouring rain is magnificent. In con- 
clusion, as a picture book, this is very 
much a cifrate’s egg (good in parts) and I 
feel that the excellence of the text has not 


been adequately matched by the artwork. 3 


to be read, but it is more than a 
coffee-table book designed to impress. 
An intelligent choice of pictures and 
words makes this a volume that will 
fascinate and inspire. It is well worth 
the asking price. Stuart Sharrock 
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The World of Dinosaurs (Weidenfeld 
and Nicolson: London; Morrow: New 
York; £4.95; $14.95) by Michael Tweedie 
is clearly the work of an extremely 
accomplished writer. It is easy to read and 
gets across a considerable amount of 
information. Yet, on reading it, one gets a 
feeling of déja vu. I suppose Alan Charig 
and friends should be flattered, but 
it is clear, at least to my colleagues, 
that this book is obviously derivative. 
One should not carp about this too much, 
for it is done with flair and in itself is an 
excellent account of dinosaurs. The run- 
ning text is well illustrated, but inter- 
spersed at intervals are large coloured 
double-page spreads, a few are grossly 
inaccurate-—-for example, the ceratopsians 
the sauropods and the marine short- 
necked plesiosaurs. Other illustrations 
have a familiar ring and I am reminded of 
Giovanni Caselli proudly claiming that 
other artists would henceforth use his 
work as reference material; L am certain 
he will be suitably gratified to find his 
prophecy fulfilled. 

The last two books are on fossils in 
general, and in the main are on the kind 
that anyone can hope to find. Rhona 
Black’s The Observers Book of Fossils 
(Frederick Warne: London; £1.10) is a 
neat pocket-sized book of modest price, 
which, after a concise introduction 
dealing with many aspects of palaeonto- 
logy, gives a systematic run through of 
the major groups of fossils with para- 
graphs on the commoner forms. The line 
illustrations are perfectly adequate, al- 
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The Megalith Builders. By Euan 
MacKie. Pp. 208. (Phaidon: Oxford, 
1977.) Paperback £4.95. 

THis is a popular book, without 


references in the text either to sources 
or to the numerous photographic illus- 
trations, which are of varying quality. 
The colour-plate of Stonehenge (p17) 
and the aerial photo (p77) and the 
interior colour view (p88) of the West 
Kennet Long Barrow are laterally 
reversed. The colour plate on p190 and 
the cover, ostensibly of Stonehenge 
near sunset in winter, is a clever 
photomontage, visually attractive but 
astronomically impossible, and should 
have been identified as such. Several 
of the black-and-white plates are dark, 
muddy or out of focus. 
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though their positioning at the bottom of 
each page gives the impression that they 
were an afterthought popped in just to 
fill up the page. The complete absence 
of an index is infuriating and must 
reduce the utility of this book enormously. 
The only other criticism E have is in the 
section on fossil collecting. My own 
preference is that notebook and pencil 
and wrapping paper are the prime 
requirements. So much unnecessary 
damage is caused at fossil localities by the 
over-enthusiastic use of hammers and 
chisels that their use should be positively 
discouraged; they are hardly ever neces- 
sary and do more harm than good. If 
fossils cannot be collected by hand, 
they should be left where they are. 

With the final book on fossils, we are 
back to the Christmas market. Richard 
Moody’s The Fossil World (Hamlyn: 
London; £2.95) is a glossy picture book 
with attractive colour photographs of 
fossils. Instead of trundling through one 
fossil group after another, Moody has 
dealt with the three major fossiliferous 
eras: the Palaeozoic (43pp), the Mesozoic 
(23pp) and the Caenozoic (17pp). The 
text is of a high standard and reading 
through it one gains a vivid impression 
of the changing fortunes of animal life 
through geological time. Again, I would 
have preferred rather more on the func- 
tioning and behaviour of the organisms 
he describes. Lots of technical terms 
suddenly pop up without any explanation 
and I personally found the sections 
dealing with bivalves and echinoderms 
particularly hard going. It was a surprise 
that the coccoliths as the major com- 
ponent of the Chalk rated not a mention 
in the Mesozoic section. Basically, I 
liked this book very much and I hope it 
does well. Beverly Halstead 
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L. B. Halstead is Reader in Geology and 


Zoology at the University of Reading, UK 





Netter a maa Aana nanana ra Arrears errs i hihi aa aaa paaa 


The authors declared aim is to 
“explain” the megalithic monuments of 
western Europe in their current chrono- 
logical contexts. Formerly, it was sup- 
posed that megalithic architecture was 
diffused gradually from the Mediter- 
ranean around the western and north- 
ern coasts of Europe; but latterly 
corrected radiocarbon dates (and a 
series of thermoluminescent dates from 
Portugal with wide confidence limits, 
to be used with more caution than the 
author shows) have tended to imply 
that the earliest tombs were built on 
the Atlantic littoral. This is incon- 
sistent with the older model of unidi- 
rectional diffusion from Mediterranean 
or Near Eastern sources of cultural 
innovation. 

The scene is set by eight rather dis- 
jointed chapters on regional groups of 
sites. A surprising inclusion at the 
beginning is Skara Brae in Orkney, a 
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block of late Neolithic one-room flat- 
lets hardly to be described as mega- 
lithic. An even more surprising 
omission is any treatment of the 
abounding megalithic tombs of the 
Netherlands, north Germany and 
southern Scandinavia. Thus, the de- 
scriptive foundation of the book is at 
best partial. It also contains avoidable 
errors. 

The interpretation begins in chapter 
nine with an interesting examination of 
the nature and limitations of explan- 
ation in prehistory, which deserves 
close but critical attention. Mackie 
rightly says that “it is impossible to 
proceed directly from the archae- 
ological evidence to the detailed recon- 
struction of the vanished societies 
which produced it”; but he believes 
that social explanations can be pro- 
vided “by analogy-—by looking at the 
known primitive peoples who possess a 
material culture similar to the pre- 
historic one” (and what about a similar 
environment?). There follows an 
imaginative discussion of alternative 
mechanisms of cultural change, 
modelled by analogy on theories of 
biological evolution. The Lamarkian, 
anti-diffusionist, model allows cultural 
or technological innovation to arise 
spontaneously (and maybe more than 
once in different times and places) in 
response to the stimuli of local condi- 
tions, natural and human. By contrast, 
the Darwinian model requires that an 
initial cultural mutation spreads ever 
wider from its source by a process of 
successive out-breeding and hybridis- 
ation. 

On this basis, one would have 
thought that Gordon Childe, the chief 
architect of the diffusionist hypothesis 
in European prehistory, would have 
been classed as a neo-Darwinian. Sur- 
prisingly, however, MacKie sees him 
as a cultural Lamarkian, quoting these 
words from Childe’s Social Evolution: 
“Inventions can be transmitted from 
one society to another, and that is 
precisely what diffusion means. But 
that is just what is impossible in 
organic evolution”, 

When this was written in 1951, it 
was believed to be true; but subsequent 
advances in molecular biology have 
shown that innovations can be trans- 
ferred from one group of micro- 
organisms to another by genetic 
recombination. In this sense Childe’s 
model of cultural diffusion was even 
more closely neo-Darwinian than he 
himself could have admitted. MacKie’s 
analogy here is all the more strange, 
in view of his firm support for the 
model of social evolution put forward 
by C. D. Darlington in The Evolution 
of Man and Society (1968), in which 
cultural and genetic out-breeding re- 
inforce each other through a synergistic 


hybrid vigour, with the corollary that 
in both fields continued in-breeding 
leads to stagnation, etiolation and 
ultimate extinction. 

The rest of the book is an attempt 
to explain the long and diverse develop- 
ment of European megaliths in Dar- 
lingtonian terms, as the result of the 
cultural and genetic impact on various 
neolithic societies of a class of far- 
voyaging astronomer-—priests, itself the 
product of the expansive hybrid vigour 
of the early urban societies of the 
Near East. Here once more are 
Childe’s ‘‘megalithic saints’, though 
more exotically attired. 

This is an interesting thesis, but its 
foundations are dangerously insecure. 
“That professional priesthoods existed 
in north-west Europe in the middle of 
the third millennium B.C. . . .’’, says 
Mackie. “is abundantly testified to by 
the stone circles and the inhabited 
earthworks and stone villages of late 
Neolithic Britain”. But this is not 
testimony. The evidence itself compels 
no such conclusion, nor indeed any 
specific conclusion, because it is 
material, text-free and dumb. It has to 
be questioned, and the questioner 
supplies the answers himself. It is all 
too easy (and that is why the temp- 
tation should be resisted) to mistake an 
attractive but arbitrary speculation for 
an inference which the evidence itself 
imposes. 
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Amateur 
star-gazing 
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THE pace of astronomical and space 
research, the speed with which techno- 
logical developments in optical and radio 
astronomy are implemented, the inventive- 
ness of the astronomical mind and the 
productivity of the astronomy book 
publishers never cease to amaze me. 
This year, like others, the bookshops 
bulge with new titles and reprints of old 
favourites all eagerly awaiting buyers of 
all ages. This review considers ten books 
that are ready to be snatched up by the 
present-seeker as the festive season nears. 

Let us start in space. Flight to Mercury 
(Columbia University: New York and 
Guildford, UK; $16.20) is a diary of the 
Mariner 10 mission to Venus and 
Mercury, compiled by Bruce Murray, the 
director of the Jet Propulsion Laboratory 
of the Californian Institute of Technology 
and Eric Burgess, the well-known author 
of many technical and popular articles on 
upper atmospheric physics, rockets, 
missiles and space flight. Mariner 10 was 
launched in November 1973. Because of 
the economic recession at that time, this 
mission set new standards of cost control 
and efficiency. It was Man’s first detailed 
look at Mercury, the innermost planet. 
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Although it is true that much archae- 
ological explanation does rest on 
analogy (the author rightly says that 
we call a particular bronze artefact a 
spearhead because it resembles artefacts 
used as spearheads today), the am- 
biguity of identification by analogy 
increases very rapidly as we move 
away from technology to social struc- 
ture and religion. In these fields analogy 
can explain little or nothing about the 
prehistoric past. [t can do no more 
than enlarge the field of conjecture. 

Furthermore, it is -worth asking 
whether much of the “megalithic 
problem” is not really a non-problem. 
By definition, a megalithic tomb or 
temple is built of large stones. It has 
been assumed for centuries, and still 
is, that most if not all of the pre- 
historic megalithic constructions of 
Europe are manifestations, however 
diverse, of a common basic phenom- 
enon, and require a unifying hypothesis 
to explain them. But why? No-one 
seeks a corresponding single hypothesis 
to explain the distribution, diversity 
and chronology of contemporary con- 
structions of small stones, or for that 
matter of timber. May we not be 
searching in the dark for the black cat 
that isn’t there? R. J. C. Atkinson 


R. J. C. Atkinson is Professor of 
Archaeology at University College, Cardif, 
UK. 


It produced thousands of striking photo- 
graphs of Mercury and Venus, over 100 of 
which are beautifully reproduced in this 
book. The book is riveting; reading it, 
you feel as if you are there, at mission 
control, living through the problems and 
triumphs with the members of the science 
and engineering teams. I didn’t realise 
before just how many things go wrong 
with ‘successful’? missions: television 
heaters don’t come one, antenna power 
unexplainedly drops, manoeuvring gas 
nearly runs out, instrument bays heat up, 
bogus satellites of Mercury are dis- 
covered. The book is a space-fact 
adventure story and I recommend it 
highly. 

From space fact to space fiction, 
Colonies in Space (Stackpole: Harris- 
burgh, Pennsylvania; Van Nostrand 
Reinhold: Wokingham, UK; £9.85) by 
T. A. Heppenheimer, is just that (at the 
present time); but who is going to be 
dogmatic enough to say it could not 
happen. Heppenheimer shoots us forward 
to the days of space colonisation, tens of 
thousands of people living in attractive 
Earth-like space communities. We read of 
space farms, closed-cycle ecosystems, 
Moon Miners, asteroid tugs, orbiting 
power Satellites, low gravfty swimming 
pools, and interstellar flight? We are 
shown beautiful paintings of the interior 
of a space colony, most of these from the 


646 


brush of Donald E. Davis, a NASA artist. 
Heppenheimer is a planetary scientist, 
and in this well written book he draws on 
many serious and careful studies that 
show that Man has the scientific and 
engineering capability to put human life 
permanently into space. In his words, 
this “is no less than a major new stage in 
human evolution, the first step to star 
trekking across the light years of our 
universe”. Heppenheimer paints a 
Eutopia in the sky but seems rather shy of 
counting the cost to those left behind on 
Earth. I’m left with the sneaking feeling 
that it would be easier to make a ‘heaven 
on Earth’ first. 


For the Earthbound telescopist, Moon, 
Mars and Venus, A Concise Guide in 
Colour (Hamlyn: London; £1.50) by 
Antonin Rukl, is an excellent buy. It 
contains a brief summary of Man’s 
exploration of the lunar near side, a 
discussion of the height and formation of 
lunar features, the views of Venus and 
Mars that can be seen through a telescope, 
and a short history of the observation of 
these planets from Earth and using space 
probes. The bulk of the book is taken up 
by a series of small (about 10° by 14°) 
detailed maps of the nearside of the Moon. 
These are complimented by notes on the 
opposite page giving details of crater sizes 
and depths, and the occupation and 
country of origin of the dignitary the 
crater is named after. There is a ten-page 
section of Mars maps. The word colour in 
the title is rather misleading as all the 
maps are just brown with a blue border, 
they could equally well all have been 
black-and-white. Also, as the book is 
obviously geared to the observer with a 
small telescope, I think it would have 
been more useful to have the maps in 
‘telescope’ coordinates with North at the 
bottom and East on the left. As it is, the 
book shows the Moon as it appears to the 
naked eye, with normal selenographic 
upright coordinates. These are, however, 
minor quibbles with what is clearly a 
well written, beautifully drawn, in- 
expensive book, a book which is bound 
to become a firm favourite with amateur 
astronomers. 


I have before me four books by Patrick 
Moore, the genial presenter of the 
British Broadcasting Corporation’s tele- 
vision series Sky at Night, which has 
continued monthly without a break since 
April 1957. As a populariser of astronomy 
and space science, Patrick Moore is 
without equal. His prolific pen produces 
books for the beginner in astronomy, 
books which read-easily; in fact, books 
which read exactly as Moore speaks, with 
staccato, bubbling, infectious enthusiasm. 
The Story of Astronomy (Macdonald and 
Jane’s: London; £5.95) was first pub- 
lished in 1961 and is now in its fifth, 
revised @dition, having been brought 
completely up-to-date in both text and 
illustrations. It is an achievement for any 


book to get to five editions; and reading 
this one, one can easily understand why 
it did. It is an ideal introduction to 
astronomy for the young reader; in fact, 
one could go so far as to say that every 
bright youngster should have a copy. 
it is clearly, and in many cases beautifully, 
illustrated. Moore starts with stone-age 
observations and tells the story of the 
stars, planets and galaxies right through 
to the time of the Viking landing on 
Mars. 

Guide to the Comets (Lutterworth: 
Guildford, UK; £4.25) is a revised edition 
of Moore’s 1973 book. It contains 
descriptions of the basic observed 
structure of comets, how they fit into the 
Solar System family, and how they are 
discovered by the enthusiastic band of 
comet hunters. Halley's comet and 
Encke’s comet are discussed in detail, and 
the book ends with a discussion of lost 
comets and theories of cometary origins. 
Sixteen photographs are included, and 
the book has useful lists of known periodic 
comets. So far as it goes, the book is a 
good introduction but I can’t help feeling 
that it would be greatly improved if it 
went slightly further. A 25°% addition to 
the 96 pages could have touched on such 
topics as the way orbital parameters vary 
between cometary families, recent space- 
lab observations of cometary spectra, 
comet tail formation, comet decay and 
meteor stream formation, factors affecting 
the choice of comet nuclei models, and 
cometary outbursts. 

Patrick turns his gaze on to the Red 
Planet in Guide to Mars (Lutterworth: 
Guildford, UK; £5.95). Again, the subject 
is approached historically, starting with 
the pre-1830 division of the Martian 
surface into dark areas and white polar 
caps, moving through the canal contro- 
versy Of Schiaparelli and Lowell to the 
modern items of photography from 
Mariner Space probes and surface details, 
and the excitement of the search for life 
from the Viking craft. Mars has long been 
a world of conjecture; the canals have 
vanished into the realm of science fiction 
but the problem of life or no life is still 
very much with us. (Harping back to 
Heppenheimer, even Martian colonies are 
not beyond the bounds of possibility.) 
This book is a mine of information, and 
has many maps and photographs: I 
recommend it to anyone who wants a 
relatively painless introduction to the 
intricasies of this planet. 

The Astronomy of Southern Africa 
(Robert Hale: London; £4.95) by Patrick 
Moore and Peter Collins, traces the 
history of South African astronomy from 
1658 when Father Guy Tachard, a Jesuit 
priest en route for Siam, set up an 
observatory in Cape Town, to the present 
day when the country is liberally dotted 
with visual and radio observatories. 
Moore and Collins discuss the work of 
L’abbe de la Caile, who charted the 
positions of almost 10,000 southern stars 


Nature Vol. 270 15 December 1977 


between 1751 and 1752, Sir John Herschel 
who set up a great telescope of 20-feet 
focal length in 1834, and Sir David Gill, 
one of the most outstanding of all the 
astronomers of South Africa, and many 
others, They also sketch the histories of 
the Royal Observatory Cape of Good 
Hope, the new Sutherland Observatory, 
the Government Meteorological Obser- 
vatory and Union Observatory, Johannes- 
burg, the Leiden Station, Hartebiespoort, 
the Yale Observatory and the Radcliffe, 
Pretoria. The illustrations (many from 
museums and archives), the many 
glimpses into the lives of the observers 
and the sensible discussions of their aims 
and achievements, make this book a joy. 

While south of the equator, let us 
briefly discuss Astronomy for the Southern 
Hemisphere (Reed: Wellington, Sydney; 
Bailey: Folkestone, UK; £10.85) by 
Lionel Warner, which caters especially 
for star gazers in those parts. Mr Warner 
is obviously a very successful teacher, and 
his descriptions of some of the demonstra- 
tions that he uses in his classes come over 
very well. It is an excellent first book for 
the astronomical ‘doer’ as opposed to the 
astronomical reader. | found his monthly 
Star maps, however, much too barren. 

J. Hedley Robinson’s Astronomy Data 
Book (Wiley: New York; £8.25; $13.90) 
is rather like the curate’s egg, only good 
in parts. I was very impressed by some of 
the tables listing, for example: brightest 
galaxies; variables observable with the 
naked eye over all and part of their 
brightness ranges; specific variable types, 
such as T Tauri, T Orionis, R Coronae 
and U Geminorum; binary stars; and the 
286 brightest stars, all of which will be 
most useful to the amateur observer. 
Other tables such as, for example, a 
simple alphabetical list of formations on 
the far side of the Moon were much less 
useful. The glossary, with its very sharp, 
few word entries, I found to be distinctly 
unhelpful and in certain cases misleading. 

Finally, we come to The New Astronomy 
and Space Science Reader (Freeman: 
San Francisco and Reading; hardback 
£12/$15; paperback £5.50/$7.50) edited 
by John C. Brandt and Stephen P. Maran. 
This book contains a collection of some 
44 articles on current topics in optical, 
radio and space astronomy research both 
observational and theoretical, many of 
which are only briefly touched on in 
formal textbooks. These articles have been 
gleaned from such journals as Natural 
History, Smithsonian, Scientific American, 
Science, Nature and the Astrophysical 
Journal, The book provides a superb 
bridge between textbooks and the immense 
and rather frightening world of the 
professional journal. All amateur and 
student astronomers will gain immensely 
by reading it. David W. Hughes 
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David W. Hughes is Lecturer in Physics and 
Astronomy at the University of Sheffield, UK. 
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obituary 





Jacques Tréfouel 


PROFESSOR Jacques Tréfouél, Director- 
General of the Pasteur Institute in 
Paris from 1940-1965 and a figure of 
great influence on the French scientific 
scene during this period and for many 
years after his retirement, died on 
11 July 1977 at the age of 80. 

He was an outstandingly capable 
and skilful organic-synthetic chemist 
who dedicated his whole active 
scientific life to the field of chemo- 
therapy. He entered the Pasteur Insti- 
tute at the age of 23 when he became 
a student of the great master of French 
chemotherapy, Ernest Fourneau, head 
of the Department of Chemotherapy 
created by the then Director-General 
of the Pasteur Institute, Emile Roux. 
A year later he married a colleague of 
his, Thérése Boyer, who was not only 
an equally brilliant synthetic organic 
chemist, but also an exceptionally 
attractive lady of great charm and 
elegance. Nearly all his original papers 
were published jointly with his wife, 
and Jacques and Thérèse Tréfouél 
became one of the most productive and 
best known scientific couples. They 
stayed at the Pasteur Institute until 
their statutory retirement. 

Their first papers, most of them 
published jointly with E. Fourneau, 
followed Paul Ehrlich’s lines and led 
to a series of substances active against 
trypanosomes, spirochetes and plas- 
modia. 

The most important contribution of 
the Tréfouéls made in collaboration 
with their brilliant colleagues the 
pharmacologist Daniel Bovet and the 
microbiologist Frederico Nitti, which 
earned them a position of immortality 
in the biomedical sciences, was the 
discovery in 1939 of the chemothera- 
peutic properties of sulphanilamide 
against bacterial infections 

During his extended histological 
studies, at the end of the last and the 
beginning of this century, Paul Ehrlich 
had become aware of the strong anti- 
bacterial properties of some of the 
synthetic aniline dyes, but unfortunately 
all of these were far too toxic for 
systemic chemotherapeutic use. How- 
ever, Paul Ehrlich hoped, in view of 
the fact that dyes were capable of 
specifically staining some part of cells 
while leaving others unstained, and in 
view of his firm belief that the possi- 
bilities of synthetic organic chemistry 
were practically unlimited, that one day 
a synthetic dye would be discovered 





which would specifically kill bacteria 


without affecting the host organism 
they had infected. He was encouraged 
in these thoughts by his finding that 
the dyes trypan blue and trypan red, 
were moderately effective in the chemo- 
therapy of trypanosomal infections. 

Stimulated by Paul Ehrlich’s ideas 
the pharmaceutical divisions of the 
German dyestuff industries, then lead- 
ing the world, made a tremendous 
effort to test thousands of dyes for 
chemotherapeutic efficiency in bacterial 
infection, but without success. In 1935 
G. Domagk, of Bayer’s, reported the 
sensational news that finally he had 
found an azodye, prontosil 
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which was capable of protecting mice 
against streptococcal infections and was 
also effective in man. This dye had 
been tested for over two years before 
its chemotherapeutic properties were 
released for publication. It thus seemed 
that Paul Ehrlich’s ideas, after a period 
of over 30 years, were finally vindi- 
cated. However, the Tréfouéls, Bovet 
and Nitti proved conclusively a few 
months later in the same year that the 
chemotherapeutic properties in bac- 
terial infections of prontosil had 
nothing to do with its dye nature, but 
resided totally in the non-coloured 
moiety sulphanilamide of the prontosil 
molecule. They postulated that pron- 
tosil was reduced to sulphanilamide in 
the animal body, an hypothesis which 
was later proved correct experimentally 
and explained why prontosil was in- 
active in vitro, but active in vivo. 
There can be no doubt that the 
discovery of the chemotherapeutic 


properties of sulphanilamide marked a 
major revolution in therapeutic medi- 
cine, both with regard to its practical 
use and theoretically. Sulphanilamide, 
synthesised as early as 1908, is a very 
simple molecule and can be readily 
modified. The Tréfouéls synthesised 
over a hundred derivatives, among 
them the sulphones which later were 
recognised to be valuable chemothera- 
peutic agents in the treatment of lep- 
rosy. Since then many thousands of 
sulphonamides have been synthesised in 
the laboratories of numerous pharma- 
ceutical firms, and the advent of the 
antibiotics has not eclipsed them. They 
are still widely used in the clinic, par- 
ticularly for the treatment of urinary 
infections caused by E.coli in combina- 
tion with folic acid antagonists of 2,4- 
diamino pyrimidine structure (sulpha- 
nilamide itself was shown in 1940 by 
D. D. Woods in this country to antago- 
nise the structurally similar para-amino 
benzoic acid, a part of the folic acid 
molecule, a discovery which, on its 
own, signified a major advance in the 
science of biochemistry). 

Professor Tréfouéls scientific achieve- 
ments were rapidly recognised and 
rewarded inside and outside the Pasteur 
Institute. He was promoted to Head 
of the Laboratory and, a few years 
later, to be Head of the Division of 
Chemotherapy. In 1940 he reached the 
administrative pinnacle of the Pasteur 
Institute when he was nominated 
Director-General. He was put into this 
prominent position while France was 
passing through some of the most diffi- 
cult years of its history. 

In 1939 World War II broke out and 
a year later France was conquered and 
humiliated by Germany. Jacques 
Tréfouél, thanks to his inexhaustible 
spirit of enterprise, his great diplomatic 
talent and flexibility, his courage and 
his firm, deeply felt and uncompromis- 
ing patriotism, managed to steer the 
Pasteur Institute successfully through 
very stormy waters with dignity and 
determination, and to preserve the 
essence of its unique historic scientific 
traditions and patrimony. He conceded 
nothing of importance of the posses- 
sions of the Pasteur’ Institute to the 
enemy. and his authority inside the 


Institue remained untarnished and 
undisputed. 
He was a very courteous and 


polished personality, unrufffed in situa- 
tions of difficulty, and his® radiant 
smile was irresistible. He was very 
erudite and wise, and was always very 
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kind and friendly, though he could be 
quite firm in relation to the people with 
whom he had to deal. He was gifted 
with a quick intelligence which enabled 
him to understand complex situations 
in a few moments, and he was endowed 
with a very refined, inimitable and 
typically French sense of humour. 

His exceptional human qualities 
enabled him to keep on good terms 
with the majority of his senior col- 
leagues and they made him popular 
among the staff of the Pasteur Institute. 
He appointed judiciously and, on the 
whole, successfully, new members of 
the staff and succeeded in maintaining 
the very high scientific standards of the 
Institute. He also created and main- 
tained close contacts with the French 
pharmaceutical industry, to both its 
own benefit and that of the Pasteur 
Institute. 

In my view, the Pasteur Institute 
never had a more dedicated and suc- 
cessful director than Jacques Tréfouél. 

Throughout his onerous social 
duties as Director-General of the 
Pasteur Institute, Jacques Tréfouél 
received extensive, continuous and 
competent support from his wife who 
combined the properties of an excel- 
lent scientist with those of a perfect 
hostess. Time passed quickly during the 
animated and witty conversations 
covering a wide range of subjects at 
their elegant parties, which remained an 
unforgettable experience in the 
memory of those privileged to partici- 
pate in them. 

Jacques Tréfouél received numerous 
high honours from the French and 
other Governments and scientific 
societies. Among these were his nomi- 
nation to the grade of a Grand Officer 
of the Legion d'Honneur, to the 
Membership and later Presidency of 
the French Academy of Sciences and 
the National Academy of Medical 
Sciences, many honorary degrees in 
the Universities of Europe, including 
Oxford and Cambridge in this country, 
and the Americas, and membership of 
many foreign academies and learned 
societies. 

The passing of Jacques Tréfouél 
marks the end of an era in European 
science. 

Ernst Chain 


G. K. Green 


GEORGE KENNETH GREEN, or Ken Green 
as he was known in the world of 
particle accelerators, died on 15 August 
1977 of a heart attack while visiting his 
son at Brawnsville, Texas. He was 66 
years of age and had lived through, 
and taken a leading part in, one of the 
most extraordinary technological de- 


velopments of our time. 


Ken Green was born in St David, 
Hlinois, and retained all his life the 
looks and the dry humour of a Mid- 
Westerner. He went to Illinois Uni- 
versity, obtained a Ph.D. degree in 
physics there in 1937, and stayed on 
a year afterwards as an Associate in 
Physics. His first experience with what 
became his lifes work was at the 
Radiation Laboratory of the University 
of California where he did design work 
on cyclotrons and nuclear physics 
research. It was there, at what was 
then the fountainhead of accelerator 
developments, under the inspiration 
and leadership of Ernest Lawrence, 
that Ken Green must have fallen in 
love -with accelerators. He also spent 
a short time at the Department of 
Terrestrial Magnetism of the Carnegie 
Institution of Washington D.C. 


He spent the war years with the 
Army Signal Corps, joining in 1942 
as a second lieutenant, and in 1946 he 
was Army Electronic Representative 
and Technical Head of the Signal 
Corps Group at Operation Crossroads 
at Bikini. Later, he became principal 
physicist at the Evans Signal Labora- 
tory of the Signal Corps at Belmar, 
New Jersey. During this period he 
worked on sonar and was one of the 
inventors of the proximity fuse, an 
important advance in firing rockets 
and artillery. At the Bikini test of 
atomic bombs he was involved in the 
development of instrumentation to 
study nuclear explosions. For his 
services during the war he received 
both the Civilian Distinguished Service 
Award and the US Army Legion of 
Merit. 


Ken Green joined the Brookhaven 
National Laboratory in 1947 to work on 
the ‘Cosmotron’ and he never left that 
laboratory nor accelerator building for 
the rest of his life. The Cosmotron, in 
its time, was the largest accelerator in 
the world, and with a top energy of 
3GeV it was the first accelerator to 
exceed one thousand million electron 
volt particle energy. Ken Green was 
involved in the design and construction 
of every part of this machine. For- 
mally, he was a senior scientist: in 
practice he combined a considerable 
design ability across the whole field of 
accelerator technology with a remark- 
able talent for supervising the con- 
struction of this giant machine—a 
talent rather rare in those days. The 
result was that Ken Green knew every 
detail of the Cosmotron, the reasoning 
behind its design, how it was con- 
structed, and how well or badly it 
operated. No wonder that he earned 
the name of ‘Mr. Cosmotron.’ 


The construction of the Cosmotron 
was finished in 1952, and many im- 


Nature Vol. 270 15 December 1977 


provements were made to it sub- 
sequently, in all of which Ken Green 
was intimately involved. Meanwhile, 
another, even bigger accelerator pro- 
ject was being quietly conceived at 
Brookhaven, and in Europe a new 
international laboratory was being set 
up, called CERN, which aimed at 


building a similar machine. Then 
followed one of those unofficial and 
extremely effective collaborations 


between two laboratories which prove 
so beneficial to the course of scientific 
research, and Ken Green entered 
whole-heartedly into this collaboration. 

The two machines, the 30 GeV AGS 
at Brookhaven and the 25 GeV CPS at 
CERN were essentially designed to- 
gether. The principle of alternating 
gradient focusing was discovered at 
Brookhaven at this time, and the two 
teams worked out the consequences of 
this important idea together, and 
based the design of their machines on 
this new principle. Brookhaven. staff 
came to Europe, CERN staff went to 
Brookhaven, and the success of these 
two machines owed much to the close 
collaboration between Ken Green’s 
team at Brookhaven and the CERN 
team at Geneva. 

The two machines came into opera- 
tion at about the same time in 1960, 
and the two teams celebrated each 
other’s success. The AGS and CPS 
were for many years the highest 
energy accelerators in the world. Ken 
Green became the Chairman of the 
Accelerator Department of the Brook- 
haven National Laboratory in 1960, 
having first served for a while as 
deputy-chairman under Leyland Ha- 
worth, and he held that post until 1970. 

His last most notable contribution 
to accelerator design was the electron 
machine for the National Synchrotron 
Light Source which he started before 
his official retirement from Brook- 
haven Laboratory and continued for 
the short while afterwards until his 
death. Construction of this machine 
is due to start at Brookhaven towards 
the end of 1977. His last appearance 
in Europe was in the spring of this 
year when he came over to CERN to 
participate in the inauguration of the 
European 400 GeV SPS machine. 

Ken Green has earned an immortal 
place in the ranks of the great 
accelerator builders with the Cosmo- 
tron and the AGS which were not only 
the highest energy machines of their 
time but also very challenging projects, 
involving many technological advances. 
All his many friends and colleagues 
throughout the world, in all the labora- 
tories where these giant machines exist, 
will mourn his death, and remember 
with gratitude the help and encourage- 
ment he has given them. 

J. B. Adams 
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Engineering—big issues and little issues 


Tue Finniston Committee to enquire into the engineering 
profession is just about to get underway. The committee 
will be able to investigate pretty well whatever it wishes 
under the general headings of the needs of industry, 
education and training, the institutions, and registration 
and licensing. Many hope that this committee will be 
the first step along the road to affording engineers their 
rightful status, whatever that may mean, and that a 
more prestigious profession will attract and retain better 
talent, thereby contributing to a revival in British 
industry. 

There is no doubt that at present the engineering pro- 
fession is not a remarkably well-paid one, that its 
institutions are in a state of considerable disarray, and 
that it suffers from association with the perennially bad 
news that is put about concerning British industry and 
industrial relations. As a result of all this people are 
hardly falling over each other in an attempt to become 
engineers. 

Take, for instance, the institutions. Undeniably an 
engineer is not created the moment he (or very oc- 
casionally she) emerges from higher education, and a 
period of development needs to be watched over by 
some form of peer review, for which the institutions 
serve admirably. And for a rather small number of 
engineers the institutions serve a continuing function of 
education. But to meet these needs there are 15 institu- 
tions, each with its own traditions, bureaucracy and fine 
distinctions (as to. for instance, what a technician is and 
whether a technician can be a member). And now there 
is another layer, the Council of Engineering Institutions, 
born in considerable travail and watched very carefully 
by the individual institutions. Tt would be easy for the 
Finniston Committee to spend much of its time sorting 
out these institutional problems of engineering: what is 
more, the institutions on the whole favour some form 
of registration and licensing of engineers (this is not 
done at the present) and the committee could equally 
get bogged down in trying to produce a blueprint that 
was acceptable to all parties—-when it is not at all clear 
that registering, licensing and thereby more effectively 
disciplining engineers is anything other than a sideshow 
generating bureaucracy to relatively little purpose. 

Instead. there are two very clear and major problems 
that the committee should face. The first is that of 
recruitment into engineering, meaning not the choice 


made on graduating as to which company to join, but 
the choice made in school, maybe as early as 14 or 15, 
to opt for engineering as opposed to the natural 
sciences. Arguably this decision is forced on students 
too young, with most universities singularly unhelpful 
in allowing students to defer their choice until they have 
experienced a year or two of higher education. But 
whatever time it is made, it seems remarkable that any- 
one selects engineering at all in the present educational 
environment. Few teachers have any industrial experi- 
ence, and if they have had such experience, as likely as 
not they have been discouraged enough by it to turn to 
teaching instead. Few schools have a decent and open 
relationship with local industry--and where there is no 
local industry (as in the rural environment of most 
public schools) contact with industrial life may be non- 
existent. Small wonder then that a life of engineering is 
seen by many young people as a poor alternative to a 
life of scientific research. 

The second problem is that nobody really knows what 
the shape of British industry will be in ten or twenty 
years. In a completely cut-throat environment, many 
industries would shed vast numbers of workers, opting 
for much more automation at severely reduced manning 
levels, while other industries, such as shipbuilding, steel- 
making, and car manufacture might capsize because of 
foreign competition. In a more protective world, the 
government, aware of electoral implications, will fear to 
grasp any of these nettles but will prop up ailing indus- 
tries and stand in the way of mass redundancies in the 
name of social policy. 

In these circumstances it would be valuable to have 
a chart of possible paths for steering industry through 
to what is bound to be a totally different world by the 
year 2000. Economics and politics are bound to have 
major roles, but the engineering profession has a 
central part to play. Thus the Finniston Committee- 
could provide a valuable service to the profession and 
to the nation by taking a longer-term view than govern- 
ments ever seem to be able to take. It could also trv to 
establish some general view of where industry will be 
by the end of the century. Some will carp fhat this is 
beyond the committee’s remit, but if the needs of in- 
dustry for engineers is one of the terms of reference 
then presumably the very character of that industry is 
rather germane to such discussions. E 
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Against instant books 


Stephen H. Schneider of the National Center for Atmos- 
pheric Research, Boulder, Colorado, explains why he feels 
that ‘instant’ books often do more to confuse than elucidate 
the scientific controversies they discuss. 


Tıme and again in recent years a chorus of social pundits 
has bemoaned the increasingly hectic pace of modern living. 
Among the shopping list of adverse side effects frequently 
cited are the break up of the cohesiveness of the family 
unit, the rise in feelings of societal alienation of many 
young people, the increase of environmental pollution, the 
rise of junk foods, and the alarming rate of stress-related 
disease. To this growing list we must add a contribution 
from the publishing industry: the ‘instant book’. — 

For example, very soon after the harsh “Winter of 
1977” in the United States, as it is often called, we have 
The Weather Conspiracy: The Coming of the New Ice Age 
(Ballantine, New York, 1977). It has many of the trappings 
of an instant book. Since its ‘author’ is “The Impact Team”, 
a group of 18 non-weather experts calling themselves 
reporters, writers, researchers, and “back-up” (whatever 
that means) people, they had to turn elsewhere for scientific 
credibility. They chose the wrong people. 

Space doesn’t permit a detailed critique of the two CIA 
reports on climate, which are the basis for The Weather 
Conspiracy and are included as appendices, and upon which 
the book leans so heavily for what it calls “true facts”. 
I must, however, mention that Professor Reid Bryson of 
the University of Wisconsin, whom the CIA and the 
Impact Team cite as the expert predicting most of the 
coming climatic disasters, has publicly repudiated much 
of the CIA reports: and they quote him as a principal source 
of specific climatic predictions. Bryson objected for the 
simple reason that the predictions were specific—something 
which is beyond the state-of-the-art skills of climatologists. 
In fact, much of the CIA reports depend on the pre-1974 
views of Bryson, and he has himself argued that new 
evidence has required him, as any good scientist, to revise 
and recast his views. In essence, I would characterise parts 
of the CIA reports that predict the climatic future as “Early 
Bryson extrapolated’, and much of The Weather Con- 
spiracy thus as “Early CIA extrapolated”. 

I must, however, confess nagging conflicts that bother 
me in using The Weather Conspiracy as a butt: 
© it includes an impressive amount of material on climate, 
even if there is little cohesive thinking to link it together: 
and I don’t want to take the purist role and discourage all 
mass market attempts to “spread the word” about the very 
real dangers climatic issues do pose for society merely 
because such polarisations simplify complex issues: 
® many of the Impact Team’s proposed solutions to these 
dangers, that is, food reserves, weather control treaties, 
energy conservation, and so on, while not new to those 
who follow the issues, are plausible and need widespread 
exposure--something a mass market book can do well; 
® most importantly, as one whose own book, The Genesis 
Strategy: Climate and Global Survival (Plenum, 1976 and 
Delta, 1977), is itself an attempt to raise public conscious- 
ness about many of the issues repeated in The Weather 
Conspiracy, 1 am keenly aware of possible scepticism some 
might express about one author’s. “seemingly pejorative 
treatment of a subsequent competitive book. The best that 
I can do to dispel any such possible suspicion is to state 
clearly why I believe a “pot boiler” like The Weather 
Conspiracy ould really retard the efforts of those who seek 
to persua@le society to anticipate and then hedge against the 
possibility of future climate-induced catastrophe—a goal 
that seems common to me and the Impact Team. 
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Commendably, The Weather Conspiracy does bore deeply 
into many of the issues of future climatic warmings and 
coolings, but instead of pointing out that either scenario 
for climatic change could be troublesome since much of 
human activity, particularly agricultural, is tuned to the 
present climate, it insists on maintaining the shock effect 
of the dramatic (the subtitle reads, “The Coming of the 
New Ice Age’’) rather than the reality of the discipline; we 
just don’t know enough to chose definitely at this stage 
whether we are in for warming or cooling—-or when. Nor, 
is The Weather Conspiracy alone in choosing sides in a 
scientific debate which is just not resolvable with present 
knowledge. Two other recent popular books by non- 
meteorologists give away their opposing advocacies in their 
titles: Hot House Earth versus The Cooling. 

The damage to the authors’ common cause of action on 
public policy from all three books is that they have been 
discredited publicly by many in the scientific community 
as sensationalist and technically inaccurate. Thus, in the 
confusing banter among experts—some pushing cooling, 
some pushing warming--the public and their elected 
officials usually shrug and say, “Let the scientists study 
more until they are sure what will happen”. 

That is precisely one of the greatest inadequacies that 
governmental institutions exhibit with regard to scientific 
controversies. They often confuse debates among scientists 
as a justification for a ‘wait and see’ attitude on policy 
considerations. Unfortunately, many controversial, unre- 
solved scientific components of public policy issues, for 
example, the danger of nuclear power plants, the banning 
of saccharin or the landing rights of Concorde in New York, 
are not resolvable before decisions have to be made. 

What policy makers need, therefore, is a realistic assess- 
ment of what is and isn’t known about the science of 
problems like climatic change, along with some estimates 
of the vulnerability of different segments of society to a 
variety of plausible climatic scenarios; and also. some 
estimate of how long it might take the scientific community 
to reduce the large uncertainty that exists over the alter- 
native projections of the future. 

One hopes we do not need overstated scientific certainty 
to scare the system into action, for no doubt as soon as 
one group overstates the strength of scientific evidence to 
advocate a policy change, someone else advocating an 
opposing policy will be quick to point out the omissions or 
errors in the technical evidence, and will challenge the 
credibility of the original advocate’s views—especially their 
policy options. The result is usually a delay in action, not 
a speed-up, for the added confusion slows up the process. 

If accurate information is a key for society to survive 
the increasing complexity of the technological props that 
support its existence, then we must also learn to deal with 
the bewildering uncertainties surrounding the safety and 
acceptability of these props, and be willing to make value 
judgements as to whether we should hedge against the most 
plausible catastrophes that present knowledge can estimate. 
If this kind of common sense planning for insurance 
against plausible nasty surprises in the future can only 
follow from overstated cases shrieked out of instant books 
or from television news programmes: if we are unwilling to 
put in the time to follow in some detail just what science 
does and does not know about the range of potential 
technological crises, we will fall into crisis after crisis, 
under-reacting in advance and over-reacting afterwards. 

As I have chosen The Weather Conspiracy as a point 
of departure to argue how books should not treat scientific 
controversies, let me return to it. Instead of meeting its 
page one stated purpose: “to inform the public of the 
true facts about a topic often clouded by fiction, super- 
stition, and alarmist misrepresentation”, The Weather 
Conspiracy leads the pack in clouding up further precisely 
what it is intended to clear. . = 
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Japan’s national R & D programme 


John H. Douglas examines the progress of government-sponsored 


waste, 


way of 
garbage crushed into blocks for use in 
the building industry. 


A constructive using 


te the continued economic success 
of “Japan Inc.™ still puzzles the 
average Westerner, the role played by 
research and development in fostering 
the country’s industrial achievements 
remains even more of a mystery. Yet 
the conduct of research, like that of 
business, often reflects a typically 
Japanese character, and examination 
of research priorities reveals much 
about Japan’s plans for the future. 

The outstanding characteristic of the 
government-business relationship in 
Japan’s “guided capitalism” is a con- 
tinual search for consensus. When all 
parties can agree on a course of action, 
thorough commitment to massive 
projects can be secured and planning 
for a very long time-scale is facilitated. 
Similarly, the strength of Japanese 
research and development lies in the 
ability of government, universities and 
industry to commit themselves to joint 
effort toward long-term goals. 

Not surprisingly, such research by 
mutual consent is usually limited to 
pursuing narrowly defined, immedi- 
ately applicable ends. Inherently the 
system lends itself to adapting, rather 
than originating, new technologies, 
although this pattern may be changing. 
There are also structural limitations: 
nearly three-quarters of Japan’s total 
R&D expenditures occur in the private 
sector (compared to less than half in 
Britain), which naturally leads to 
emphasis on applied, rather than basic, 
research. 


John H. Douglas is a Fulbright research 
journalist in Tokyo. ; 





large-scale projects in Japan 


Instead of directly sponsoring the 
majority of research, as in the West, 
Japan’s government has more often 
played the role of midwife for con- 
sensus. But in the mid-1960s it became 
apparent that some major projects 
would require more direct government 
support. The Ministry of International 
Trade and Industry (MITI) was given 
the responsibility for sponsoring these 
large-scale projects, and in 1966 a 
National Research and Development 
Programme was established under the 
ministry's Agency of Industrial Science 
and Technology (AIST). 

The partnership of government, in- 
dustry and university was thus strength- 
ened to be able to handle even more 


massive and long-range projects. To 
qualify for support under the pro- 
gramme, a proposed project had to 


have “urgent importance for upgrading 
national industrial standards, pro- 
moting efficient utilisation of natural 
resources, preventing industrial pollu- 
tion, and so on”, 

Now, after a decade, some 14 pro- 


jects have been launched under the 
programme. Two have been success- 
fully completed: the development of 


an internationally competitive com- 
puter system and of a commercially 
viable desulphurisation process. One 
project, the development of a remote- 
controlled undersea oil drilling rig, was 
suspended in 1975 for reasons that 
MITI officials will still not discuss, 


Current projects 

A summary of the 11 remaining 
projects probably offers as clear a 
guide as any to the major areas of 
research and development that the 
Japanese believe should have the high- 
est priority to serve as a base for future 
industrial and social development. The 


three outstanding exceptions to this 
Statement include Japan’s nuclear 
energy programme. the search for 
alternative energy sources called 


>? 


“Project Sunshine” and the country’s 
emerging space programme, which are 
funded separately. 


@ Jet engines: In terms of anticipated 
total funding over the expected life of 
a project (see table below), the largest 
undertaking in the National Research 
and Development Programme 1s an 
effort to promote a technologically 
independent jet-engine industry. 
Specifically, the aim of this project is 
to produce prototypes of a turbofan 
jet engine particularly suited to Japan’s 
domestic airlines, whose routes are 


relatively short and require frequent 
stops. An engine with thrust in the 10 
to 15 ton range is envisaged, with parts 
highly resistant to heat fatigue for 
frequent take-offs and landings. 

Tests of a 6.5 ton thrust prototype 
are now being conducted in a British 
wind tunnel (there are none in Japan 
large enough for the task), and if 
these and later tests prove successful, 
a model of this engine may be mounted 
on an aeroplane within three years. 

A related project, which may be 
funded separately and which has not 
yet been officially announced, is 
designed to help Japan’s domestic air- 
lines: a short take-off and landing 
(STOL) craft to be fashioned from the 
American C-1 military cargo plane. 
STOL capabilities will reportedly be 
incorporated by mounting jet engines 
on top of the plane’s wings, so the 
plane could then carry about 125 
passengers. The new project is ex- 
pected to cost a total of about 17,000 
million yen. 


® Pattern information processing: 
Optical recognition of letters, numbers, 
kana (Japanese syllable characters) and 


kanji (Chinese ideographs) has now 
reportedly been achieved. MITI 


officials say the first practical applica- 
tion of the system can be expected 
within two years, probably in the 
patent office as an aid to processing 
applications. 

This project also includes several 
parallel efforts including experiments 
with artificial intelligence and develop- 
ment of new electronic components. 
Active research is being sponsored in 
the fields of magnetic bubble devices, 


semiconductor lasers, holographic 
memories, very large scale circuit 
integration (megabit memories on a 


single chip) and microprocessor archi- 
tecture for a variety of applications. 


® Magnetohydrodynamics: MHD pow- 
er generation, now the oldest con- 
tinuing project in the programme, may 
turn out to be too expensive for even 
this sort of national effort. One senior 
MITI official says that MHD offers a 
“good opportunity fpr a joint pro- 
ject” with other nations, and he hints 
that active negotiations toward this end 
are already in progress. 

Present Japanese targets call for test- 
ing a 100 kilowatt generator with a 
copper-iron magnet for 200 hours in 
1980. Then, if these tests are successful, 
a 100 kilowatt generator with a super- 
conducting magnet is planned for 1982. 
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@ Nuclear steelmaking: In anticipation 
of the successful development of a 
multi-purpose high-temperature gas re- 
actor (HTGR), funded separately, 
MITI is coordinating the efforts of 
more than a dozen major companies 
to produce the components that will be 
required by a steelmaking system based 
on the reactor. Some of the major 
goals of the first phase of this project 
include development of a 1.5 megawatt 
heat exchanger loop, alloys and in- 
sulation materials capable of handling 
the 1000 °C helium gas coming from 
the HTGR. 

Parallel efforts include construction 
of a steam reforming test plant to 
make a reducing gas from light hydro- 
carbons, development of an apparatus 
for charging a shaft-type furnace under 
the new conditions, and completion of 
a conceptual design for the proposed 
system. If phase one is completed on 
schedule, by 1979, a nuclear steelmak- 
ing pilot plant is proposed, to begin 
operation as early as 1986. 


® Complex manufacturing: Begun dur- 
ing the current fiscal year, this latest 
project aims at production of a single 
machine complex that can handle 
many successive manufacturing steps— 
such as grinding, milling, welding, forg- 
ing and casting—at one location. Com- 
puter control and the latest laser 
technology will be incorporated. 


@ New process for producing olefins: 
Unsaturated hydrocarbons of the olefin 
series (general formula CHa) form 
the raw materials for many key petro- 
chemical industries, and the Japanese 
fear that these industries will be 
threatened by anticipated shortages of 
imported naphtha, from which the 
country’s olefin supply is presently pro- 
duced. Since countries with domestic 
sources of natural gas or light oils are 
not so concerned with the naphtha 
problem, Japan has emerged as perhaps 
the world leader in developing a tech- 
nology for producing olefins directly 
from crude oil, which is more likely 
to remain available. 

During the first stage of the project, 
which ended in 1973, a test plant 
capable of treating five tons of crude 
oil per day was built. During the sec- 
ond stage, a 120 ton per day pilot plant 
is being constructed and experimental 
work is proceeding to see if olefins can 
also be produced from the residual oils 
left after vacuum refining of crude oil. 


@ Resource and energy recovery. 
Japan’s extremely concentrated popu- 
lation (only about 20% of the country’s 
land is flat) ouffers acutely from prob- 
lems that for many other countries are 
still only* nuisances. The National Re- 
search and Development Programme 
has so far attacked four of these prob- 
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Japan’s National Research and Development Programme 


Project Anticipated Life Lifetime Cost 
(10° yen)* 

Jet Engine 1971-1980 25.4 
Pattern Recognition 1971-1980 25.0 
MHD 1966-1982 18.4 
Nuclear Steelmaking 1973-1979 12.3 
Complex Manufacturing 1977~1983 12.0 
Olefin 1975~1981 10.0 
Resource Recovery 1973-1981 9.8 
Traffic Control 1973-1978 A 
Desalination 1969-1977 6.7 
Electric Vehicles 


1971-1977 Sr 


(£1 ~ 450 yen) 





lems: air pollution, urban waste, traf- 
fic congestion and water shortages, 

To recover useful materials and 
energy from urban wastes, two 100 ton 
per day experimental treatment plants 
are now being developed. The feasibil- 
ity of several of the technologies in- 
volved has already been demonstrated 
and the project is expected to be com- 
pleted successfully within three or four 
years. Technologies now being con- 
sidered for practical application include 
cryogenic shredding of wastes, mag- 
netic and air-stream separation tech- 
niques, and internally heated 
fluidised-bed pyrolysis. 


@ Traffic control: To help drivers cope 
with some of the world’s worst traffic 
congestion, what is probably the 
world’s largest advanced traffic control 
experiment is now being conducted in 
a ward of southwestern Tokyo. In 
an area of about 30 square kilometers, 
traffic is being monitored by a highly 
automated control centre, which 
advises drivers of road conditions and 
routing options, through a variety of 
media. 

Some 300 test vehicles have been 
equipped with a display panel that 
automatically tells a driver the fastest 
route to a predetermined destination. 
Another 1,000 vehicles have been pro- 
vided with a simpler driving informa- 
tion unit that flashes such messages as 
“Road Construction Ahead”. And 
three roadside display boards at key 
locations provide all drivers with 
notice of road conditions and recom- 
mended detours. 


@ Water desalination: For a country 
so notoriously damp and rainy (with 
more than twice the annual rainfall 
of Britain), Japan would seem to have 
little reason to give such high priority 
to a project for taking fresh water 
from the sea. But again because of 
the extreme concentration of people, 
water shortages are expected to begin 
in Tokyo and other major cities 
perhaps as early as 1980. 

The MITI-sponsored desalination 
project, which ends this year, involved 
construction of a 100,000 m'’/day test 


plant using multi-stage flash evapora- 
tion (MSF) to produce fresh water. As 
a result of successful experiments at 
the plant, the Japanese now claim to 
lead the world in MSF technology, and 
private companies are exporting com- 
mercial desalination plants with 
capacities of 30,000 m‘*/day. 


@ Electric vehicles: In the other major 
project to be completed this year, five 
second-generation electric vehicles 
(two cars, two trucks and a bus) have 
been successfully designed, built and 
tested. MITT officials say the next step 
toward full commercialisation must be 
removal of legislative and economic 
disincentives and further improvement 
of accumulators for the vehicles. 


During the fiscal year 1977, MITI’s 
total expenditure for the National 
Research and Development Pro- 
gramme, including management cost, 
was 14,484 million yen (about £32 mil- 
lion). Thus, although the programme 
was designed to infuse government 
funds into areas of research that 
private companies might ‘hesitate to 
enter alone, public expenditure remain 
relatively small. Commercial success in 
any one of the projects could conceiv- 
ably bring to Japan enough foreign 
exchange to support the whole pro- 
gramme. 

Rather than producing the “spin- 
offs” that result from open-ended re- 
search common in projects sponsored 
by Western governments, the MITI 
projects pull along a family of ‘‘spin- 
in”? technologies. When, for example, 
a holographic memory or a new high- 
temperature alloy is finally developed, 
an eager market will be waiting. 
Theoretically, the disadvantage of 
even such long-range, loosely defined 
‘applied’? research is that it will not 
produce the sort of original break- 
throughs that come haphazardly from 
basic research. So far, however, Japan 
has had little trouble importing these 
fundamental advances from abroad. As 
long as this flow of ideas remains 
adeauate Japan’s National Research 
and Development Programme will re- 
main one of the country’s biggest 
bargains. 
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Sweden debates gene-splicing 


For the first time, recombinant DNA 
research is being publicly debated in 
Sweden, Some voices are calling for 
broad understanding and judgement of 
the ethical, economic and political 
issues involved, while others are more 
concerned with the security aspects of 
a proposed P3 laboratory at Uppsala. 
At the same time, the Ministry of 
Education is setting up a one-man com- 
mitee to see if existing Swedish laws 
are sufficient for the regulation of such 
research, or whether new legislation 
may be needed, 

It sounds as though the country has 
suddenly woken up to find recombi- 
nant DNA research sitting on its door- 
step. Not so. The previous government 
was approached about the issues as 
long ago as 1973, but did not respond. 
In 1975 Uppsala biologists applied for 
a P3 laboratory. In the spring of 1976 
an eleven-man “Committee Concern- 
ing Research with Recombinant DNA” 
was set up under the auspices of the 
Natural Science Research Council, the 
Medical Research Council and the 
Swedish Cancer Society to ensure that 
such research was carried out in safety 
for both laboratory personnel and the 
public at large. The committee has de- 
cided that Sweden’s risk classification 
system should be a combination of the 
British Williams’ guidelines and the 
United States’ NIH guidelines, adopt- 
ing the stricter elements of each. 
Although the committee’s mandate 
only covers state-supported research on 
recombinant DNA—and it must 





Meteosat, the European Space 
Agency's meteorological satellite, 
eventually reached geostationary 
orbit above the Gulf of Guinea on 
7 December, after a series of false 
starts on the Cape Canaveral launch- 
pad. The picture above is the first 
taken by the satellite at visible 
waveleneths, showing cloud cover 
above Africa and the Atlantic on 

Y December 1977. 





approve all proposals for such research 
before they can begin—private industry 
has voluntarily agreed to follow the 
same procedure with its proposals. 

According to the committee’s chair- 
man, Professor Peter Reichard of the 
Karolinska Institute, recombination of 
DNA within the same species (which 
requires only P1 facilities) is being 
done at the Karolinska Institute and 
the University of Uppsala, but so far 
no-one is doing any research needing 
P3 facilities. That part of the Uppsala 
group’s work which has needed such 
a laboratory has been done so far at 
the Pasteur Institute in Paris. Private 
industry has not yet submitted any pro- 
posals to the committee. 

Professor Lennart Philipson, who 
leads the Uppsala group, says he is 
tired of the controversy aroused by 
his proposed P3 laboratory, He com- 
plains that society's confidence in 
scientists is waning, and hopes that it 
will increase with public awareness of 
what the research involves. His new 
research programme, in which he will 
try to develop Bacillus Subtilis as an 
alternative host for recombinant DNA, 
will not need P3 facilities before 1979. 
The plans for converting part of an 
existing building into the new labora- 
tory should be finished before Christ- 
mas. Critics of the scheme are 
demanding that they should be 
approved not only by the DNA com- 
mittee, as was the original intention, 
but also by the local health authorities. 

Wendy Barnaby 


Geography affects 
oil spill damage 


Tuere have been two significant oil 
spills in Scandinavian waters this year: 
April’s Ekofisk blow-out, and leakage 
from the Russian tanker ‘“Tsesis”’ 
which grounded on an unmarked rock 
in the Stockholm archipelago in 
October. Although the Bravo blow-out 
dumped at least six times as much oil 
into the water as the ““Tsesis’’ did, pre- 
liminary research suggests that marine 
life in the North Sea has not suffered 
as much as that in the archipelago. 
According to a Swedish expert, the 
reason for this is the different geo- 
graphical factors involved in the two 
spills. 

Preliminary findings published by 
the Institute of Marine Research at 
Bergen, Norway, describe the acute 
effects of the Bravo blow-out on fish 
and plankton as “small”. An estimated 
2.000 to 3,000 tons of oil at a tempera- 
ture of more than 75 °C spurted daily 
out of an open production pipe 20m 
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above the sea surface, shot another 
30 m into the air (where some of it was 
dispersed and evaporated) and then 
rained down onto the sea. The pipe 
was capped after seven-and-a-half days. 
It was assumed that 40% of the oil 
had evaporated by then, leaving some 
9.000 to 13,000 tons on the water. As 
its viscosity was low, it spread quickly; 
only 800 to 1,000 tons were recoverable 
by mechanical means. Chemical dis- 
persants were assumed to increase the 
damage the oil would do to marine life, 
so they were applied very sparingly. 

A week after the spill, the oil became 
granulated and later formed tar balls 
which, in June and July, were drifting 
over an area of 55,000 km’ in concen- 
trations averaging 2.5 mgm ~~ sea sur- 
face: a level considered to be heavy 
pollution. Close to the Bravo platform, 
oil-in-water emulsion under relatively 
freshly spilled oil was found to be in 
concentrations of up to about 300 mg/ 
litre water: but further away, it was 
below levels which have caused acute 
sublethal effects on the more sensitive 
stages of fish development in laboratory 
tests. 

At the time of the spill, biological 
development was in its early spring 
stage. In a few square nautical miles 
around and east of the platform, the 
degree of photosynthesis of the phyto- 
plankton was significantly reduced: but 
otherwise its development seemed 
normal. There were few fish, fish eggs 
and yolk sacs in the area at the time 
of the spill and for a short time after- 
wards, and the number and distribu- 
tion of fish seemed to be unaffected by 
the oil. 

The institute sees several factors 
accounting for the lack of acute effects. 
The escaping oil was hot, and this, 
combined with the action of the wind 
and the fact that the oil spread quickly 
over the surface, meant that most of 
the volatile and toxic compounds were 
evaporated. What hydrocarbons re- 
mained in the sea were diluted by un- 
stable water conditions. Excepting the 
area close to the platform, the resulting 
hydrocarbon concentrations in the 
water column were low. 

When the *Tsesis” ran aground in 
the Stockholm archipelago on 26 Octo- 
ber, between 1,500 and 2,000 tons of 
the 19,000 tons of medium-grade fuel 
oil she was carrying spilled out into the 
water. The coast guard managed to 
contain some of the oil with booms, but 
winds and currents carried a large part 
of it to an island and part of the main- 
land nearby, As the wind blew steadily 
in the same direction for a couple of 
weeks after the accident, the oil stayed 
banked up against the shores, emulsi- 
fying down to a depth of 2 to 5 metres. 

According to preliminafy results 
from tests carried out jointly by the 
University of Stockholm’s Askoe 
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Laboratory and the Swedish Water and 
Air Pollution Research Laboratory, 
the effects so far have been relatively 
mild in the free water (the pelagic 
zone) but severe along the coast (the 
littoral zone). Because the accident 
happened in autumn, the water was 
cold and life processes were few and 
slow. This reduced the effects on both 
marine and bird life: less than 100 
birds so far seem to have been killed. 
Preliminary estimates show that, with- 
in four days of the grounding, the 
mortality of the zoo-plankton within 
400 m of the tanker had significantly 
increased, and about 35% of the zoo- 
plankton had either been touched by 
or ingested oil. What was dramatic, 
however, was the effect on the littoral 
zone’s bladder wrack community. It 
was found to be almost completely 
deserted after the spill. Small crusta- 
ceans and molluscs either died or left 
the area. Laboratory studies have also 
indicated sublethal effects on mussels 
and snails. 

Dr Olle Linden, who is leading the 
Swedish investigations, points out that 
the dilution factor is very important in 
determining the amount of damage 
done to marine life by oil spills. 
Severe ecological disasters are more 
likely to occur in shallow, enclosed 
coastal water than in the open sea, 
where the oil generally disperses 
quickly. The oil spilled from the 
‘Tsesis’ was pinned by winds against 
the shore. In the end, it was the geo- 
graphy that made the difference. 

Wendy Barnaby 


Correction 


The Food and Agriculture Organisa- 
tion’s (FAO) budget for the biennium 
1978-79 will be $211,350,000 not 
$237,377,000 as indicated on page 553 
of last week’s issue. 
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More natural gas for Pakistan 


PAKISTAN is the only country in the 
East that seems likely to cushion the 
energy crisis by exploiting its natural 
gas reserves. This has become possible 
because of two major discoveries of gas 
reserves within a matter of 12 months. 
According to Dr Shahzad Sadiq, Chair- 
man of the Oil & Gas Development 
Corporation (OGDC), Pakistan is now 
in a position to export gas in liquid 
form or. as a gas, through overland 
pipelines. The western part of India is 
extremely gas-hungry and the pos- 
sibility of piping gas to those regions is 
now being actively considered. 

When last December a big natural 
gas reserve was discovered at Dhodak, 
in north Pakistan, the condensate oil 
in the reserve stole the limelight. The 
then Prime Minister, Mr Zulfiqar Ali 
Bhutto, chose to dramatise it by bring- 
ing a bottle full of oil to the floor of 
the National Assembly (The Parlia- 
ment), and waving it within inches of 
the face of the Leader of the Opposi- 
tion. Pakistan, which watched the dis- 
play on TV, was thrilled. Oil had been 
struck! 

However, the Dhodak find is essen- 
tially a natural gas reserve with some 
5S million million ft of gas. And with 
yet another big gas discovery only last 
month and again in the north (at 
Pirkoh in Baluchistan) the focus is now 
on natural gas exploitation. The Pirkoh 
gas reserves are estimated to match 
those of Dhodak. 

The Chief Martial Law Admin- 
istrator General Mohammad Zia-ul- 
haq, who at present heads the 
government, visited Pirkoh earlier this 
month to inaugurate the gas-field and 
formally underline the importance of 
the new find in the overall economy of 
the country. Pakistan suffers balance- 
of-payments difficulties which are 


UK Agricultural research is blooming 


In contrast to the gloomy future 
foreseen for British science by many 


of its funding agencies, the UK 
Agricultural Research Council’s 
(ARC) latest annual report for 


1976-77, published last week, is almost 
cheerful. It reports a small growth for 
the Council’s share of the DES Science 
Budget for 1976-77 and a period of 
stability in the ,Council’s dealings 
with the Ministry of Agriculture, 
Fisheries and Food (MAFF) and the 
Department of Agriculture and 
Fisheries for Scotland, the Council’s 
main customers under the Rothschild 
customer/contractor principle. 

The ARC’s increased share of the 
Science Vote over the past two years 
(its grant for 1977-78 was 1.8% up in 


real terms on that for 1976-77), is 
attributed to a growing appreciation 
of the need for fundamental research 
in agricultural and related sciences by 
the Advisory Board for the Research 
Councils (ABRC). In particular, the 
ARC feels that it received sympa- 
thetic consideration when the ABRC 
allocated the extra money set aside 
for the research councils after the 
mini budget at the beginning of last 
month. OF the £4 million to be added 
to next year’s Science Vote, the ARC 
will get £300,000. And of the £4 million 
to be spent on new capital work next 
year it will get £800,000. 


Sir William Henderson, ARC 
Chairman, attributes part of the 
Council’s success in winning the 


largely due to heavy imports of oil. 

At Pirkoh, the OGDC Chairman told 
General Zia-ul-haq that an investment 
of $250 million in the development of 
newly discovered oil and gas fields 
could give a return of $230 million 
annually. This can be earned in oil im- 
port substitution and in export of gas 
and surplus petroleum products. 

The gas fields at Pirkoh and Dhodak 
are not the largest in Pakistan. The 
biggest one is isolated at Sui in Balu- 
chistan and has an estimated reserve 
of 10 million million ft’. It has been 
exploited for the last two decades. 
Pirkoh and Dhodak are graded next to 
Sui in reserve contents. The fourth 
largest gas field, at Mari in upper Sind, 
has also been exploited for some time: 
its estimated reserves are some 4 mil- 
lion million ft. Total gas reserves in 
Pakistan are now estimated to reach 
30 million million ft’. 


The most significant impact of 
natural gas in Pakistan has been on 
agriculture. The four big fertiliser 


factories already in production (largely 
producing urea, also some ammonium 
nitrate and ammonium sulphate) en- 
tirely depend on the natural gas for 
the power and feedstock requirements. 
In addition, four more big fertiliser 
projects, based on natural gas, are 
under way. The green revolution that 
has almost doubled the average yield 
of wheat, the staple grain, and rice 
through the introduction of dwarf 
varieties within the last decade calls 
for plenty of fertilisers as its most vital 
input. 

As a result of the two natural gas 
discoveries it should be feasible to set 
up more fertiliser and cement plants, 
apart from proposed exports to ease the 
balance of payment position. 

Azim Kidwai 


ABRC’s sympathies to the work of 
the Priorities Working Party set up in 
June 1976 to select areas of basic agri- 
cultural research which could be most 
suitably funded from the DES Science 
Budget. Under the heading ‘plants 
and soils’ it chose crop variability, 
soil/root relationships and crop bio- 
energetics as priority topics for 
research. It has yet to select priorities 
in ‘animals’ and ‘food’ subjects. In 
line with the choice of priority topics, 
however, the £300,000 bonus is to be 
spent on setting up a programme of 
genetic manipulation in plants in 
several institutes. 

The £800,000 which has been set 
aside for construction will most 
probably be spent on the improvement 
and the extension of existing institutes. 

: Judy Redfearn 
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Energy conservation 
comes of age 


Motoring publicity 
2m) 






Vs SEE Mi 
Expenditure D Conservation 
1978/79 ~ 1981/82 

Last week’s announcement by UK 
Energy Secretary Mr Tony Benn of 
a £320 million package of govern- 
ment-sponsored energy conservation 
measures provided a firm indication 
that in Britain, as elsewhere in Western 
Europe, energy conservation has 
finally come of political age. 

At meetings held last month by the 
Council of Europe in Strasbourg and 
the European Economic Commission 
in Brussels, speaker after speaker came 
to the platform demanding action on 
conservation with an enthusiasm un- 
known even six months ago. After the 
Brussels meeting, Herr Guido Brunner, 
EEC commissioner for energy, an- 
nounced that the commission was likely 
to set up a new directorate concerned 


with energy conservation. And the 
German government has since an- 
nounced a conservation package, 


including doubling the tax on home 
heating oil. 

The largest part of the British 
package, which is to be spread over a 
period of four years, is the £28.5 million 
a year which is to be spent on pro- 
viding loft insulation and draught- 
proofing measures for two million 
council houses. There will also be con- 
siderable sums of money allocated to 
government departments responsible 
for buildings. 

As far as industry is concerned, a 
major expansion of information and 
advisory services will take place at a 
cost of £19 million over four years. 
Discussions are taking place with the 
motor industry about steps to reduce 
petrol consumption in new cars. And 
more than £20 million is being pro- 
vided for an extended programme of 
demonstration projects, providing 
examples of the type of savings that 
can be made by individual companies. 

Perhaps the most significant aspect 
of the British package is the financial 
investment that it implies in energy 
conservation measures. Last year a 
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Government White Paper stated that, 
while encouraging public sector bodies 
to finance such measures from their 
existing budgets, there was “no case 
for special financial assistance”. 

In last week’s announcement, how- 
ever, although Mr Benn repeated that 
programmes would be financed “‘as far 
as possible” from savings made else- 
where in existing programmes, over 
half of the initial £320 million budget 
is to be “new money”. Only £93 million 
is being obtained from redirecting 
existing funds, the rest is to come from 
recycling the savings made from initial 
stages of the programme. 

Another important indicator of 
government determination is the de- 
cision to establish a new Energy Con- 
servation Division in the Department 
of Energy under Mr Bernard Ingham, 
for the past four years the depart- 
ment’s director of information. The 
division will be responsible for de- 
veloping and coordinating UK energy 
conservation policy. 

Energy conservation has thus been 
clearly placed near the top of the 
department’s agenda, receiving con- 
siderably more attention than two 
years ago when, in spite of the 
publicity surrounding the “Save It 
campaign”, the House of Commons 
Select Committee on Science and 
Technology dismissed the depart- 
ment’s conservation efforts as “feeble”. 

The Select Committee did little to 
influence the department's strategy, 
which until now has relied primarily 
on example and propaganda. Since 
then, however, at least three factors 
seem to have contributed to the de- 
velopment of a more aggressive 
approach towards conservation. 

The first of these has been President 
Carter’s continuing determination to 
pass a wide-ranging energy bill through 
conference, providing the framework 
for a coordinated energy policy. A 
second factor has been the recent up- 
turn in the British economy which, 
with the economic benefits of North 
Sea Oil beginning to be felt, have 
placed the government in a position to 
allocate financial resources to new 
programmes. 

Perhaps most significant in political 
terms, however, was the summit meet- 
ing of head of state held in London in 
May. Energy conservation occupied a 
prominent position in the final com- 
munique, which stressed the need for 
“strict conservation measures” to 
enable an energy market to function 
harmoniously. 

Shortly after the summit meeting, 
Mr Benn set in motion a major 
exercise to examine the scope for 
energy saving across all sectors of the 
economy. In particular, he asked for 
quantified calculations of the savings 
which could be achieved for specific 
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levels of public expenditure to obtain 
a substantial reduction in the growth 
of energy consumption. 

Two other aspects added to the 
packet’s political acceptability. The 
extra work involved in carrying out 
the massive programme of insulation— 
a labour-intensive activity—can be 
claimed to contribute to the general 
problem of unemployment (even 
though local governments may baulk at 
some of the administrative implica- 
tions). And the short-term, quanti- 
fiable benefits of conservation measures 
provide more tangible—and, to govern- 
ments of short-time, more useful— 
political capital than measures whose 
impact can only be seen over ten years 
or more. 

There remain reservations. Some 
have suggested that the proposed in- 
vestment in insulation is too small to 
obtain maximum effectiveness, and that 
the measures will prejudice a second 
bite at the cherry. Others have com- 
plained that the package applies only 
to public sector housing, with no com- 
parable efforts in the private sector. 

And, of course, there remains the 
problem of energy conservation in 
industry, the biggest consumer of 
energy accounting for 40% of total 
consumption. Here the government's 
strategy remains essentially propagan- 
dist; two days after Mr Benn’s package, 
Mr Leslie Huckfield, Industry Under- 
Secretary, claimed that appropriate 
measures could save industry up to 
£370 million a year, and that although 
this would require a capital investment 
of £560 million, “with such an in- 
centive for reducing costs, they should 
be an attractive investment”. 

Industry itself remains sceptical, both 
about the Government’s calculations 
with regard to what is practically (as 
opposed to theoretically) possible, and 
towards the claims of energy conserva- 
tion as against other demands for 
capital investment, such as new equip- 
ment. An official at the Confederation 
of British Industry said last week that 
rather than offering financial incentives 
to industry for conservation measures, 
the government should reduce the 
general level of taxation, and let in- 
dustrial management decide how to 
invest the extra money. 

It remains to be seen whether the 
government will accept this /aissez faire 
attitude. The Energy Commission’s 
working paper emphasised that desired 
changes could not be left to price 
mechanisms alone, but that mandatory 
measures were needed to back up 
financial incentives. Possible measures 
could include new regulations about 
building design, petrol consumption of 
private motor cars, and soon. Mr Benn 
has demonstrated the size of the carrot; 
but we have yet to see the size of his 
stick. David Dickson 
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Soviet New Year Diary 


(to be taken with two vodkas and a pinch of salt) 


“Better extinct than Red!” 


Koskolteras Rhombopterix? 
A Loch-Ness-type monster, 15m long 
with a head 2m long by Im wide has 


been reported in Lake Kos Kol, 
Kazakhstan. An unnamed com- 
mentator on Moscow radio observed 
that since several “extinct” species 


have recently been discovered to be 
still surviving, he considered it quite 
possible that “unknown creatures of 
the kind reported in both these lakes” 
might, indeed, exist. What he did not 
suggest, however, is any kind of joint 
Soviet-British (or  Kazakh-Scottish) 
study project. This seems a strange 
omission; joint scientific research 1s 
a major feature in all discussions of 
mutual cooperation, and a possible 
monster investigation would enliven 
what too often become dull routine 
talks on oil drilling equipment and 
fertiliser plants. Indeed, should the 
two creatures prove to be of the same 
species, an interbreeding project 
might not be beyond the bounds of 
all possibility! 


Bubble bath 
Small boys on both sides of the space 
race have always been attracted to the 


profession of cosmonaut/astronaut-— 
not least because of the obvious 


impossibility of taking a bath under 
conditions of weightlessness. Alas for 
childhood dreams—the days of a lick 
and a promise with a cologne- 
dampened washcloth are gone: Soviet 
technology has succeeded in equipping 
Salyut-6 with an experimental shower. 
Enclosed in, a special shower cabinet, 
the cosmonaut is sluiced by a stream 
of water droplets borne by an airflow: 
the mixture of air and water being 
separated by a filter and recycled. 





Un-cooking the books 

According to geographer Arkadii 
Sopotsko, the geographical discoveries 
on the North West coast of the 
American continent, attributed to 
Captain James Cook, should rather be 
credited to Vitus Bering and Aleksei 
Chirikov 37 years earlier. The logs of 
the two explorers were long believed 
lost, largely because Imperial policy 
decreed that “Asia eastward cannot 
end”, and evidence to the contrary 
constituted an important state secret. 
The missing logs have now come to 
light in the central Navy archives, 
and it now appears clear that when 
Bering, aboard the Svyatoi Petr (St 
Peter) reached the North American 
coast in July 1741 he mapped and 
named several features later recorded 
by Cook. These include the St Atheno- 
genes Ridge (now the Hayday Glacier). 
Cap St Mary (Cape Suckling), and 
islands of the Aleutian group which 
he named respectively for Sts Marcian, 
Stephen and Abraham. 


To each according to his needs... 
Aleksandr A. Bulgakov, Chairman of 


the USSR State Committee for 
Vocational Training recently an- 


nounced that the text-book situation 
has greatly improved during the last 
year. There is now, he said, “a text- 
book per pupil in almost every 
[vocational training] establishment”. 


Up the Pole... 
According to  Aitsultan Kalybaev. 
described by TASS as “a young 
Kazakh scientist“, the terrestrial poles 
can move only by “tens of kilometres”, 
and hence “the hypothesis that 
500,000 years ago the North Pole was 
in the centre of the Pacific Ocean” 
must be false. This remarkable deduc- 
tion, “based on the laws of mechanics” 
was apparently arrived at during 
research to provide a mechanical and 
mathematical basis for predicting 
earth-tremors im Kazakhstan. 
Meanwhile a team from Leningrad 
and Yakutsk have established that the 
Siberian permafrost is retreating at the 
rate of I to 2m “along the vertical 
line” (sic) per century. The melting 1s 
not due so much to climatic change 
as to an inflow of geothermal energy. 
Whatever the reason, it must be 
gratifying to the planners responsible 
for the development of the Soviet Far 
North to know that they have the 
backing of a natural process. 


Whose was that baby .. .? 
The problem of the sailor. returning 
from a tour of duty, to be greeted by 


` 


an infant unbelievably forward or 
backward for his official age must be 
as old as Jason. Soviet seamen need no 
longer jump to the obvious conclusion, 
however: a recent broadcast on the sea- 
men’s service of Soviet radio reports 
the case of littl Oleg Slonin, who at 
14 months knew the entire Russian 
alphabet “except the hard and soft 
signs”, and could recite 28 poems, The 
broadcast explained that “such a 
phenomenon is not very frequent, but 
is not now altogether rare. It is ex- 
plained by the fact that, together with 
a physical acceleration, an intellectual 
acceleration takes place. Children now- 
adays have an early intellectual de- 
velopment.” 


In dock... 

A new system for  dockworkers, 
based on the study of “hourly, diurnal, 
and monthly” biorhythms is under 
test at the port of Odessa. In the ser- 
vice of productivity and safety, a com- 
puter is used to record for each man 
the “days notable for the maximum 
decrease of work capacity” and his 
“highest peak of inattention,’ accord- 
ing to his “biorhythm-activated sched- 
ule”. The pattern obtained is used for 
planning work-schedules: a docker’s 
days off will also be his ‘off-days” 


Na zdoroy’e 
The Soviet anti-alcoholism campaign 
was inaugurated in the middle of the 
last 5-year plan—to the considerable 
disruption of targets for potable alco- 
hol, which had suddenly to be replaced 
by beer and soft drinks. Although a 
considerable amount of the surplus 
vodka was unloaded onto the USA in 
return for pepsi-cola. the problem of 
hard drinking still remains pressing. 

in addition to prosecution and/or 
compulsory committal for treatment, 
there is a widespread campaign of 
publicity and psychological pressure, 
including publication of crime and 
fatality statistics associated with the 
imbibing of alcohol, public rebuke of 
persistent offenders before their work- 
mates, and loss of privileges and 
bonuses. The latter sanctions are com- 
mon Soviet practice in dealing with 
antisocial or “uncultured” behaviour— 
nevertheless, in this case there seems 
something wrong with the underlying 
psychology. A common factor in social 
drunkenness is that a family man living 
in a one-room apartment cannot con- 
veniently invite his friends home, but 
must meet them in a bar. To relegate 
such a culprit to the end of the housing 
list hardly seems helpful. 

Vera Rich 
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Conserving uranium 


Sik, -The exposition by John Davies (I 
December, page 376) of the virtues of 
the CANDU reactor thorium cycle as 
a possible alternative to fast reactors 
does indeed cover matters “being dis- 
cussed in undergraduate lectures 
twenty years ago”. It dogs so with a 
splendid disregard for the present 
status of the technologies involved. 
Recently the experimental fast re- 
actor at Dounreay was shut down after 
18 years of successful operation, its 
original exploratory task complete. An 
important part of that task was to 
demonstrate the docile behaviour and 


ease of control of fast reactors. The 
UK, France and the USSR are now 
operating prototype reactors in the 


250-350 MW(e) output range. The 
maturity of the technology is apparent 
from the fact that the latter two coun- 
tries have committed the construction 


of larger units of commercial 
significance. 
The position on the CANDU- 


thorium fuel cycle is well set out in an 
authoritative manner in the evidence 
submitted by Atomic Energy of Canada 
Ltd (AECL) to the Ontario Royal Com- 
mission on Electric Power Planning 
which was published in April of this 
year. The section on ‘Prospects for 
future CANDU fuel cycles’ brings out 
the elementary fact that “Thorium is a 
fertile material but contains no fissile 
isotope’. It is therefore proposed to 
use plutonium recycled from the exist- 
ing uranium fuels to commence the 
cycle, Reprocessing of both uranium/ 
plutonium and °*Th/?"U fuels is there- 
fore required—-a more complex situa- 
tion than arises with the fast reactor. 

It is concluded by AECL that “the 
overall development and demonstration 
programme can be completed during 
the 1990s”. This makes it quite clear 
that we are dealing with a technology 
which is not yet available even on a 
pilot scale, and which is unlikely to 
aveid the problems of MUF (material 
unaccounted for) and possible illicit 
diversion to weapons. Incidentally, 
freshly reprocessed “ŽU is not auto- 


matically protected by gamma radi- 
ation, since this arises from "PU 


daughter products, and takes about 10 
days to build up to embarrassing levels 
requiring elaborate remote handling. 
The AECL submission to the Royal 
Commission also discusses the use of 
accelerators under the heading of 


‘Electro-nuclear breeding’. Here it is 
concluded that “if the cost of uranium 
were to rise substantially, electro- 
nuclear breeding might be economic- 
ally justified. In any event such systems 
will not be required until the advanced 
fuel cycles are fully established so 
there is ample time for their orderly 
development”. The quotation places 
the Chalk River work cited by John 
Davies in its proper perspective. 

In Canada, where there is a sub- 
stantial investment in manufacturing 
facilities for CANDU reactors (includ- 
ing the heavy water production plants) 
the progress to the thorium = cycle 
appears naturally as a logical step. At 
the expense of an initial increase in the 
rate of usage of uranium a long term 
benefit can be obtained. In my view it 
would not be sensible for this country 
to follow the same course when, with 
our starting point, (that is with fast 
reactor technology available) we are in 
a position to obtain a much larger 
energy output from the available stocks 
of uranium. The thorium reserves 
would of course also be burnable in 
fast reactors at a much later date if 
necessary, 

D. Hicks 
Risley Nuclear Power Development 
Establishment, UK 


Censuring repressive regimes 


Sir,—The fetter from Dr Peto and 
Professor Doll (1 December, page 384) 
asks several important questions, 
especially: 


@ how can busy scientists obtain a 
dispassionate assessment of alleged op- 
pressive conditions in countries other 
than their own? 


® What can they do to mitigate such 
oppression? 


© in particular, is it useful to boycott 
scientific conferences in such a 
country? 


These were just the questions which 
we examined in our report Scholarly 
Freedom and Human Rights, pub- 
lished earlier this year, in association 
with the British Institute of Human 
Rights, by Barry Rose. We concluded 
that the recent development of inter- 
national human rights law had. for 
the first time in human history, pro- 


vided a standard frame of reference, 
internationally agreed, against which 
the conduct of public authorities in 
different countries could be objectively 
measured. We recommended that there 
should be set up an independent 
clearing-house which would collect 
and evaluate information about such 
conduct in order that scientists could 
receive objective and impartial assess- 
ments on which they could rely, and 
we suggested the International Council 
of Scientific Unions and the Inter- 
national Commission of Jurists, jointly, 
as suitable bodies to undertake that 
task. 

The ICJ has indicated its willingness 
in principle to take on its part of this 
function; the ICSU has not yet com- 
pleted its examination of the pro- 
posal. Meanwhile, Peto and Doll were 
wise to consult Amnesty International: 
their sources of information are ex- 
cellent, and their reports command 
world-wide respect. 

There remains the question of the 
usefulness of boycotts. So far as I 
know, there is no evidence that public 
protest, or an effective boycott, have 
ever been counter-productive. There 
is some evidence that, on some 
occasions, they have influenced oppres- 
sive regimes for the better (the case 
of Dr Mikhail Shtern is a recent 
example). But in the absence of a full 
understanding of how the internal 
affairs of oppressive regimes are con- 
ducted, or of controlled experiments 
with matching samples, we can never 
know for sure. 

The best procedure--at least in my 
view—-would be for reputable inter- 
national scientific bodies to agree in 
advance not to hold canferences and 
congresses in countries whose regimes 
have been clearly and impartially 
shown to pursue a consistent policy of. 
oppression towards scientists, scholars 
and other non-violent citizens. There 
cannot be many countries which could 
survive such isolation for long. 

This is a subject which has caused 
many scientists many personal and 
collective problems „in recent years. 
We hope that the study of the under- 
lying principles which is set out in 
our report can make its contribution 
to clarifying those problems, and 
indicate the directions in which their 
solution may be found. 

PAUL SIEGHART 


Council for Science and Society. 
London, UK 
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Catastrophe theory 


Sir,—It is not my purpose here to 
discuss in detail the criticisms of 
catastrophe theory contained in the 
review article by H. Sussman and R. 
Zahler (27 October, page 759). I 
would like to refer the interested 
reader, however, to a forthcoming 
article of mine entitled ‘Mathématique 
et théorisation scientifique’ to appear 
in Scientia. I would also like to point 
out a misquotation by the authors. The 
classification theorem for the “Cusp 
catastrophe”, erroneously quoted as 
“Thom’s theorem”, is in this specific 
case due to H. Whitney (Mapping of 
the plane into the plane, Ann. of Math. 
2, 62, pp. 374-410 (1955)), 
RENE THOM 

Institut des Hautes Etudes Scientifiques, 
France 


Sir,—-I would like to make two criticisms 
concerning Zahler and Sussman’s recent 
review article on the applications of 
catastrophe theory (27 October, page 
759). The first is that an editorial policy 
which sanctions the publication of 
polemical and emotive articles has no 
place in a scientific journal. In my view, 
the tone of Zahler and Sussman’s 
comments goes beyond the lively dis- 
cussions which we all welcome. Despite 
its many successes, there have been 
incorrect examples and applications of 
Thom’s theory and extravagant claims 
for it. These should be assessed carefully 
and any errors rebutted scientifically. 
Zahler and Sussman’s excessive and 
misleading criticisms do not help in the 
proper evaluation of the usefulness of 
Thom’s theory and can only encourage a 
polarisation of opinion. 

My second criticism is of the poor 
standard of argument and exposition in 
the paper and some comments on the 
first two pages follow. First Zahler and 
Sussman state that the record of legitimate 
uses of Thom’s theory in physics and 
engineering is poor. But the theory has 
been applied very successfully in engin- 
eering™? and optics?. 

Next, Zahler and Sussman appear to 
have missed the real weakness in the 
claim by Kozak and Benham’ and as a 
result much of their criticism is irrelevant. 
Thom’s theory applies to processes 
governed by a potential function and 
with at most five controls, and which no 
matter how slowly the controls cross a 
threshold, pass from one equilibrium 
state to another through transitional 
states which are not in equilibrium. This 
passage between equilibrium states is 
continuous and often, though by no 
means always, very fast, particularly in 
mechanical cases, but never instantaneous. 
The discontmuities or ‘jumps’ arise if 
only equilibrium states are measured. 
Thom’s theory does not apply if, when 
the controls are varied slowly enough, 
the process remains in equilibrium 


throughout the transition. Consequently 
it is quite mistaken to suggest that the 
theory offers the cusp catastrophe as 
‘an inevitable, universal paradigm’ for 
any system which exhibits sudden changes 
associated with two control parameters. 
Indeed because the process of collagen 
denaturation described by Kozak and 
Benham is of this kind”, Thom’s theory 
does not apply and one cannot expect 
collagen denaturation to conform to the 
cusp or any other catastrophe. The 
arguments based on the van’t Hoff 
equation which Zahler and Sussman make 
in the section aptly headed ‘Confusion 
about continuity’ are quite irrelevant 
since the equation holds only under 
equilibrium conditions. 

They go on to.assert that ‘most bio- 
logical situations which catastrophe 
theory tries to model’ [sic] are ‘inherently 
continuous’. This is certainly true in the 
sense that the transition from one state 
to another, no matter how sudden, is 
still continuous at least above the 
quantum level, even if the process is not 
in equilibrium during the transition. It is 
not true if by inherently continuous 
Zahler and Sussman mean (as I think 
the context indicates that they do) that 
the transition states of such processes are 
equilibrium states. Genetic assimilation 
and quantum evolution are two important 
biological processes which involve tran- 
sition states which are not in equilibrium. 
Moreover the concept of fitness and the 
widely used selection landscape of 
Simpson and Wright’ imply that evol- 
ution commonly proceeds from one 
maximally fit form to another through 
intermediate forms which are not maxi- 
mally fit, that is not in equilibrium with 
their environment. 

In fact, contrary to Zahler and Suss- 
man’s assertions on page 762 about my 
work, the notions of fitness and selection 
landscape permit Thom’s theory to be 
incorporated naturally into the analysis 
of the adaptive response of populations 
subject to natural selection in slowly 
varying environments. This has been done 
for quantum evolution’, genetic assimi- 
lation’® and allopatric speciation™. Two 
of these papers contain quantitative 
predictions for the response of the 
phenotype, although it is true that the 
imperfection of the fossil record and the 
variability in populations present great 
practical difficulties. However, these are 
problems which are common in applying 
mathematics to biology and are not 
peculiar to catastrophe theory. 

Similarly in his work, Zeeman assumes 
a gradient system (a common enough 
practice in biology) so that Thom’s 
theory can be applied. Moreover he 
makes many quantitative predictions 
which depend on the properties of the 
cusp catastrophe. There are a number 
made in ‘Primary and secondary waves 
in developmental biology’!2, cited by 
Zahler and Sussman, particularly in §9 
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and §15. It is a limitation of the theory 
that some of these predictions can only 
be made to first order, as Zeeman makes 
clear in th? second sentence of §9. 
Incidentally Zahler and Sussman’s re- 
marks about Zeno’s paradox suggest that 
they have not appreciated this nor that 
at its vertex the cusp is flat. These 
predictions, in contrast to Zahler and 
Sussman’s assertions, are not contained 
in the data, not independent of the theory 
and not just wrong. They need, as Zeeman 
suggests explicitly, to be tested experi- 
mentally and Zahler and Sussman’s 
description of these predictions as ‘purely 
unverified hopes’ is a gross misrepresen- 
tation of what Zeeman has said, as 
reference to the paper just cited will show. 

Zahler and Sussman do not make it 
clear that in spite of the underlying 
continuity, many important biological 
phenomena, such as somites, boundaries 
between different tissues, ete., are discrete 
and discontinuous. This provided a 
considerable stimulus to Thom’s thinking 
and it is no accident that his theory 
offers a possible way of handling such 
phenomena mathematically. The most 
profitable procedure is to test the pre- 
dictions which follow from applications 
of the theory and to see whether its 
geometrical framework gives useful in- 
sights. 

A general comment is that the accom- 
plishments or otherwise of the theory 
can be better assessed if a clear distinction 
is made between an example and an 
application, and between an explanation 
and a description, 
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Colour genes 
Sir,—Our ignorance of the genetic 
basis of skin colour is not as profound 
as implied in Dr Bowne’s letter (13 
October, page 556). Nor do we have 
to assume the existence of unknown 
genes closely linked to colour genes in 
order to explain other traits that might 
be associated with skin colour, for 
there is evidence suggesting that the 
vast majority of pigmentation loci are 
probably pleiotropic (Deol, M. S. Ann. 
Hum. Genet., 38, 501 (1975)). 

Dr Bowne’s views on intelligence 
are, of course, unexceptionable. 

Yours faithfully, 
M. S. DEOL 

University College, London 
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Cell culture studies provide new information 
on tumour promoters 


from I. Bernard Weinstein and Michael Wigler 


Many factors influence tumour in- 
cidence. Among these are the chemical 
carcinogens which, as a class, may act 
as mMutagens. Tumour promoters are 
factors of an entirely different nature. 
They can be defined as agents which 
Increase tumour incidence when ad- 
ministered after a suboptimal dose of 
carcinogen, but which are not in them- 
selves carcinogenic. Recently, reports 
on the effects in cell culture of the 
most potent known promoting agents, 
the phorbol diesters, have raised ex- 
pectations that an understanding of the 
action of these compounds in vivo is 
near. 

The existence of tumour promoters 
was most clearly demonstrated more 
than 30 years ago by Berenblum and 
others who found that an oil extracted 
from the seed of Croton Helium L. 
dramatically enhanced the incidence of 
skin tumours in mice pretreated with 
carcinogens. Croton oil was not by 
itself tumorigenic. The exposure of 
skin to carcinogens, was called ‘initia- 
tion’ and the subsequent step, the re- 
peated application of croton oil or 
other agent, which elicited the growth 
of tumours from initiated cells. was 
called ‘promotion’. Early work in this 
held established that the initiated state 
is extremely stable, extending perhaps 
for the lifetime of the animal. In fact. 
mice can be initiated with carcinogens 
in utero and, at some time after birth. 
tumours elicited by topical application 
of promoters (Goerttler & Loehrke 
Virchows Arch, A372, 29: 1976). Pro- 
motion generally leads to the develop- 
ment of benign papillomas: prolonged 
exposure results in the appearance of 
carcinomas. In 1968, the active prin- 
ciples of croton oil were isolated and 
their structures elucidated (Hecker 
Cancer Res. 28, 2338: 1968: Van 
Duuren Prog. exp. Tumour Res. 1, 
31; 1969). They are fatty acid diesters 
of a tetracyclic plant diterpene alcohol. 
phorbol. Macrocyclic plant diterpene 
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esters of related structure, some of 
which are active as tumour promoters, 
are widespread in the plant kingdom. 
Other compounds and crude extracts, 
notably phenols, anthralin and extracts 
of tobacco tar, have tumour-promoting 
activity when tested on mouse skin, 
but no agents studied so far approach 
the phorbol esters in potency. 

Recent observations on the action of 
the phorbol esters in virro can be sub- 
sumed under two principles. The first 
is that nanomolar concentrations of 
tumour-promoting phorbol esters (but 
not their inactive analogues) induce 
changes in cultured cells which re- 
semble those seen on transformation 
with either chemical carcinogens or 
tumour viruses, and further enhance 
the expression of these transformation- 
specific phenotypic features in already 
transformed cells. In chicken embryo 
fibroblasts (CEF), phorbol esters alter 
cellular morphology (Driedger & 
Blumbers Cancer Res. 37, 3257: 1977), 
increase plasminogen activator syn- 
thesis (Wigler & Weinstein Nature 289, 
232: 1976), alter the composition of 
glycopeptides obtained from cell mem- 
branes (Weinstein er al., in Origins of 
Human Cancer, Cold Spring Harbor 
Symp. quant. Biol, in the press). in- 
crease deoxyglucose uptake (Driedger 
& Blumberg op. cit), and cause loss 
of LETS, the large external transfor- 
mation sensitive protein (Blumberg er 
al. Nature 264, 446: 1976), Similar 
changes are also seen when CEF are 
transformed by Rous sarcoma. virus 
(RSV) The transformation mimetic 
effects of the phorbol esters are not all 
secondary to growth stimulation since 
they occur in CEF under conditions 
where growth stimulation does not 
occur. Phorbol esters enhance the ex- 
pression of transformation-associated 
properties in transformed cells. The 
clearest example of this is the com- 


bined effect of the Rous sarcoma 
genome and phorbol esters on plas- 


minogen activator production in CEF. 
bach factor alone increases the syn- 
thesis of the enzyme. Together they 
have a multiplicative effect (Weinstein 
et al, op. cit.). Synergistic action is also 
observed in alterations of the mem- 


brane glycopeptides of CEF (Weinstein 
et al. op. cit.) O’Brien and Diamond 
have reported similar findings with 
respect to phorbol ester-induced or- 
nithine decarboxylase levels in chemi- 
cally transformed and normal hamster 
cells (Symposium on Mechanism of 
Tumour Promotion and Coecarcino- 
genesis Gatlinburg, 1977, in the press). 
If phorbol esters can enhance the 
expression of transformed properties 
in vitro, perhaps they can do so in vive 
and thus provide a preferential growth 
advantage to latent tumour cells. 

The second principle is that the 
phorbol esters reversibly inhibit ter- 
minal differentiation. This effect was 
noted independently in three labora- 
tories using two systems: chicken 
embryo myoblasts undergoing myo- 
genesis (Cohen et al. Nature 266, 538: 
1977), and Friend erythroleukaemia 
cells (FEC) undergoing either spon- 
taneous or induced erythroid differen- 
tiation (Rovera et al. Proc, natn. Acad. 
Sci. U.S.A. 74, 2894: 1977: Yamasaki 
et al, Proc. natn. Acad. Sci. U.S.A. TA, 
3451: 1977). These initial observations 
have been extended to the differentia- 
tion of 3T3 cells to hpocytes (Diamond 
et al, Nature 269, 247: 1977), chondro- 
genesis of chicken embryo chondro- 
blasts (Pacifici & Holtzer Am, J. Anat. 
150, 207: 1977), and differentiation of 
neuroblastoma cells in culture (Ishii et 
al. Science, in the press). These obser- 
vations and their generalisation, if ap- 
plicable to mouse skin, provide a 
seductively simple interpretation of 
initiation and promotion. The stem 
cells for epidermis are continually 
dividing, yet the tissue as a whole is in 
a state of balanced growth, and a stable 
stem cell pool size is maintained. This 
is possibly achieved by a regular asym- 
metric division of the stem cell: one 
daughter cell becoming a stem cell and 
one daughter cell terminally committed 
to differentiate. irreversibly losing its 
growth potential. If a potential tumour 
cell were restrained to the stem cell 
mode of division, it couldenot increase 
its proportion in the stem cel) pool. If, 
however, the stem cell division mode 
were interrupted by the action of a 
promoting agent, a potential tumour 
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cell could increase its proportion in the 
cell population and give rise to a 
tumour. Two cautions must be noted 
in the exercise of this hypothesis. First, 
phorbol esters greatly potentiate trans- 
formation by chemical carcinogens in 
cell culture systems (Lasne et al. 
Nature 247, 490; 1974: Mondal er al. 
Cancer Res. 36, 2254; 1976) where the 
stem cell concept may not be applic- 
able. Second, phorbol esters have not 
been shown to inhibit terminal dif- 
ferentiation of mouse skin. 

The two generalisations of recent 


data on the action of phorbol esters in 
cell culture, that they mimic and en- 
hance the tumour phenotype and that 
they inhibit terminal differentiation, 
are preliminary but provocative. The 
factors which determine tumour in- 
cidence, latency and rates of tumour 
progression are largely unknown. Stu- 
dies on the cellular and molecular 
basis for the action of the phorbol 
esters and similar compounds may 
clarify these aspects of carcinogenesis 
and suggest novel approaches to the 
control of neoplasia. = 


Limits to similarity 
among coexisting competitors 


from Henry S. Horn and Robert M. May 


Anovr 50 years ago, the theoretical 
work of Lotka and Volterra and the 
laboratory experiments of Gause, Park 
and others led to the formal enunci- 
ation of the ‘competitive exclusion’ 
principle: species that make their 
livings in identical ways cannot coexist. 
Although this principle may appear 
fundamental, it is not really very help- 
ful. As stressed by Hutchinson, in his 
classic ‘Homage to Santa Rosalia, or 
why are there so many kinds of 
animals?” (Amer. Nat. 93, 145: 1959), 
the meaningful question is rather how 
similar can species be, yet persist 
together? What are the limits to 
similarity? 

Most competitive situations involve 
many different ecological factors, which 


are too difficult to disentangle with 
present methods. But insight can be 
gained from those special situations 


where competitors sort themselves out 


mainly along a single resource axis, 
such as food size or foraging place. 
Hutchinson catalogued many examples, 
drawn from both vertebrates and in- 
vertebrates, of sequences of competing 
species in which the average individuals 
in successive species have weight ratios 
around 2. This implies ratios of about 
the cube root of 2, or 1.3, between 
typical linear dimensions (for example, 
beak length) of successive species. 
Many other examples have sub- 
sequently been tabulated, particularly 
for birds, lizards and frogs, by Mac- 
Arthur, Diamond, Cody, Schoener. 
Pianka, Toft and others. In an exten- 
sive study of guilds of birds on various 
West Indian islands, Faaborg (Amer. 
Nat. 111, 903; 1977 and in the press) 
has shown that the weight ratio of 
roughly 2 holds for passerines, but that 
non-passerine sequences typically have 
smaller weight ratios. 





Fig. 1 The conventional ensemble of recorders, whose lengths roughly obey the 
‘1:3 ratio rule’, 
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Recent studies of the workings of the 
rule among congeneric sequences of in- 
vertebrates tend to be more equivocal. 
Uetz (J. Anim. Ecol. 46, 531; 1977: 
see also Enders, Environ. Entomol, §, 
i; 1976) has shown that part of the 
structure of his guild of 10 species of 
wandering spiders in an oak-—maple 
woodland in the eastern United States 
conforms to the 1.3 ratio: some of the 
species with very similar sizes further 
subdivide their habitat by flourishing 
at different times in the season. Similar 
stories are told of carabid beetles and 
guilds of spittlebugs (by Southwood and 
Halkka, respectively, Royal Entomo- 
logical Society Symp. on Insect Faunal 
Diversity, Imperial College, September 
22-23, 1977). Again the 1.3 length ratio 
plays a part for those species that are 
very similar in other respects. 

The magic 1.3 ratio is no newcomer 
to the biological literature. Dyar 
(Psyche 5, 420; 1890) long ago noted 
that successive larval instars of many 
insects have weight ratios of 2, and 
linear ratios of 1.3. This provoked 
much discussion, which seems to have 
been forgotten, and even speculations 
that the underlying mechanism was a 
doubling of the number of cells 
between instars (later shown to be not 


generally the case; for a review, see 
Bodenheimer, Q. Rev. Biol. 8, 92; 
1933). 


This empirical relationship is still not 
understood. When the size of food is 
considered, various lines of argument 
lead to the expectation that the average 
difference in food size between two 
species should not be appreciably less 
than the characteristic range of food 
sizes utilised by either species. This, 
however, does not explain why the 
typical intraspecific range of food items 
spans a weight ratio of around 2. 

Before too much time ts spent theo- 
rising about the Dyar—Hutchinson rule, 
it should be noted that it appears in 
many other contexts. In the conven- 
tional ensemble of recorders, the 
lengths of sopranino, descant, treble, 
tenor, bass and great bass are in the 
ratios 1.2, 1.5, 1.3, 1.6, 1.4. For the 
consort of crumhorns, the heights of 
descant, treble, tenor and bass go as 
1.2, 1.5, 1.4. The usual consort of viols 
have typical lengths of treble (61 cm), 
tenor (86cm) and bass (110 cm) in the 
ratios 1.4, 1.3: the alto (70cm) and 
viola d'amore (85 cm) are competitively 
excluded and are relegated to solo 
roles. 

The four string instruments of the 
modern orchestra—violin, viola, cello, 
double bass—are grossly discrepant 
with the rule, having length ratios 1.2, 
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1.8, 1.7. This apparent counter-example 
is instructive. Taking advantage of 
acoustic experiments begun 40 years 
ago (by Saunders, a Harvard physicist), 
Carleen Hutchins has designed and 
built a ‘new violin family’. This is a 
unique collection of eight stringed 
instruments, each of which has the 
general shape common to members of 
the conventional violin family. The new 
violin family has resided in London 
since it first arrived there in 1974, and 
it was recently the central attraction at 
a meeting of the Catgut Acoustical 
Society (see Darius, New Scientist 175, 
21 July: 1977). Darius writes ‘Not since 
the consort of viols has there been an 
ensemble of acoustically matched 
stringed instruments What dis- 
tinguishes the new instruments is the 


rich, even tone quality The 
ensemble of these new instruments 
particularly shines in contrapuntal 


writing’. For the family, the lengths of 
sopranino, descant, treble. alto, tenor, 
baritone, bass and contrabass are in 
the approximate ratios 1.2, 1.2, 1.3, 1.3, 
Loo EITT, 

Ranging yet more widely, we note 
that the larval instars of children’s 
tricycles and bicycles have typical wheel 
diameter ratios of 1.3, 1.2, 1.3, 1.2; the 
adult stages segregate their niches by 
differences in gear-shift rather than in 
wheel diameter. One manufacturer’s 
set of five iron skillets gave size ratios 
FPL EZ EZ RES 

In short, the Dyar-Hutchinson- 
Hutchins rule may well derive from 
generalities about assembling sets of 
tools, rather than from any biological 


nrg 


pecularities. 6 


Antimatter 
from P. 1. P. Kalmus 


THe strong and electromagnetic inter- 
actions between two antiparticles should 
be the same as those between corre- 
sponding particles. Thus antinucleons 
should bind together to form anti- 
nuclei, and these could capture posi- 
trons to form antiatoms. This suggests 
the intriguing possibility that bulk anti- 
matter might exist in the Universe. 
This would be exactly as stable as 
matter, provided that it was isolated. 
Searches for cosmic antimatter have 
given negative results, but have hitherto 
been limited to two methods. A new 
method of distinguishing between 
remote matter and antimatter has 
been proposed recently by J. G. 
Cramer and W. J. Braithwaite (Phys. 
Rev. Lett. 39, 1104, 1977). 

We would not be able to distinguish 
between the spectrum of an antistar 
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and an equivalent star, since the 
atomic energy levels would be identical 
and any photon reaching us is its own 
antiparticle. One way of testing the 
antimatter hypothesis would be the 
detection of annihilation when opposite 
regions collide. An electron and a 
positron at rest annihilate predomi- 
nantly into two photons. These must 
be emitted in opposite directions in the 
centre of mass each with 0.51] MeV, 
the rest mass of the electron. The low 
energy proton—antiproton annihilation 
is mainly into more than two pions 
which are therefore not kinematically 
constrained to be monoenergetic. The 
decay of the neutral pion gives rise in 
its centre of mass to two monoenergetic 
photons of 67.5 MeV, but these would 
be greatly Doppler-smeared by the 
relativistic motion of the pion. and 
would give a fairly broad spectrum 
with a peak at around 100 MeV. This 
has not been observed in gamma ray 
astronomy, and neither has the distinc- 
tive O.511 MeV line. However, H. 
Alfvén has claimed that this does not 
exclude the existence of antimatter. It 
is possible that annihilation would not 
occur with high efficiency because the 
tenuous regions of interstellar gas will 
come into contact first and the result- 
ant pressure of annihilation radiation 
might keep the matter-antimatter 
regions apart. Moreover, this initial 
contact might well be between rela- 
tivistic electrons and positrons which 
would not give the 0.511 MeV line. 
Convincing evidence for cosmic anti- 
matter would be its detection in the 
primary cosmic radiation. The detection 
of anticarbon or heavier antinuclei 
would indicate the existence of nucleo- 
synthesis in antistars. Several groups 
have searched for such antiparticles 
including G. F. Smoot and colleagues 
who have flown a superconducting- 
magnet particle spectrometer on a 
balloon. No antiprotons or antinuclei 
have been found. the upper limif to 
their abundance being less than 10°‘ of 


the corresponding nuclei. Tt seems 
unlikely therefore that significant 
amounts of antimatter exist in our 
Galaxy. 


Fusion processes and nucleosynthesis 
in stars systematically convert protons 
into neutrons and release neutrinos. 
The corresponding reactions in anti- 
stars would release antineutrons and 
so in principle suggest a test for anti- 
matter. However. as solar neutrinos 
are only just detectable by present 
techniques, neutrino astronomy of 
specific distant objects does not seem 
to be imminent. 

The method proposed by Cramer and 
Braithwaite makes use of the violation 
of parity and of particle-antiparticle 
conjugation in the above weak inter- 
actions. These processes, in stars, 
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involve the emission of positrons or the 
capture of electrons. The positrons are 
preferentially in a right helicity state, 
that is, their spins are aligned along 
their direction of motion. If their 
emission is accompanied by inner 
bremsstrahlung or if they produce 
external bremsstrahlung when slowing 
down in matter, the helicity will be- 
transferred to produce right-circularly 
polarised photons. Annihilation of the 
moving positrons by stationary elec- 
trons will cause the forward-going of 
the two photons, which carries most of 
the energy, to have the same helicity 
as the positron, Finally, internal brems- 
strahlung which accompanies electron 
capture will also have a preferred right 
helicity. 

The equivalent reactions in anti- 
stars would convert antiprotons into 
antineutrons and produce electrons or 
capture positrons. Following the above 
arguments, bremsstrahlung and annihil- 
ation will result in the emission of 
left-circularly polarised gamma rays. 

The question arises as to whether 
such polarised radiation is actually 
observable. Normally the nuclear reac- 
tions take place in the core of the 
stars, and the radiation may be 
absorbed and re-emitted an enormous 
number of times before escaping from 
the surface. It seems most unlikely that 
significant traces of the original heli- 
city will remain in starlight. However, 
a supernova, even one located in 
another galaxy offers the possibility of 
observing this helicity. This type of 
explosion is believed to occur when 
fusion in a massive star has terminated 
with the production of “Ni at the peak 
of the binding energy curve. The "Ni 
decays into “Co and then into "Fe by 
electron capture and positron decay. 
Assuming that the stellar envelope 
blows off during the supernova explo- 
sion, much of the released photon 
energy occurs at the surface. Also. the 
positrons are emitted in heavy medium, 
namely iron rather than hydrogen, 
which would enhance the probability 
of bremsstrahlung by a factor 676, the 
ratio of the squares of the nuclear 
charges. 

The authors estimate the photon flux 
from supernova in which 0.14 solar | 
masses of “Ni is released at a distance — 
of 1 Mpc. In a period of 1 year starting 
2 weeks after the initiation of the 
supernova is seen. a Im diameter 
polarimeter would. receive about 
3x10° photons from inner brem- 
sstrahlung, having mean energy 0.2 
MeV and 25% polarisation, and pos- 
sibly a factor 10° to 10° more photons 
from external bremsstrahlung. The 
helicity of gamma rays has been deter- 
mined by laboratory experiments by 
their differential scattering from 
polarised electrons, but polarimeters 
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for use in space, and preferably with 
higher analysing power, would have to 
be developed if gamma-ray astronomers 
hope to find antimatter by this method. 


Manipulation 
of industrial 
microorganisms 


from Juan-Francisco Martin 


The fifth FEMS Symposium entitled 
Antibiotics and other Secondary 
Metabolites: Biosynthesis and Pro- 
duction was held on 14-16 Sep- 


tember at the Ciba-Geigy Research 
Laboratories in Basel (Switzerland) 
under the auspices of the Federa- 
tion of European Microbiological 
Societies. 


Wuy microbial strains used in in- 
dustrial processes produce such large 
amounts of a particular metabolite in 
spite of the strict control of metabolism 
existing in most microorganisms, and 
how it is possible for scientists to im- 
prove the production of pharma- 
ceuticals such as antibiotics, ergot alka- 
loids and so on, was the main subject 
of the symposium. One of the great 
advantages of this meeting was the par- 
ticipation of scientists from the aca- 
demic world and industry both as 
speakers and in the audience. The 
limitation usually imposed by industrial 
secrecy was not so evident in this meet- 
ing and the flow of scientific knowledge 
in the lectures and discussions as well 
as in the corridors was quite free. 
New approaches to the search for 
new metabolites of industrial import- 
ance were discussed in the first lecture 
by H. Zahner (Tübingen). Some of the 
new techniques he suggested such as 
‘the chemical test systems’ where the 
search for totally new antibiotics is 
based on screening unusual metabolic 
products following feeding of the cul- 
ture with fluor or sulphur radioactive 
label, were compared with more clas- 
sical approaches in the search for new 
drugs such as the tests of antimicrobial 
and other biological activities or the 
use of cell free test systems for highly 
specific activities. It was the feeling of 
most participants that while the search 
for unique chemical structures may be 
useful, more rapid progress can be 
made using specific ‘in vitro’ assays 
to look for inhibitors of those enzymes 
anes ee ae aS Te, AC ee ee ee ee eS 
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Coupled transcription/translation 


from Pamela Hamlyn 


Oocytes isolated from the ovary of 
the frog Xenopus laevis made their 
reputation as a valuable tool for 
molecular biology when they were 
used to settle disputes concerning the 
function of the poly(A) tail—the 
string of adenylic residues added 
post-transeriptionally to eukaryotic 
MRNA. Translation of mRNAs into 
protein in heterologous cell-free 
systems proceeds for a few hours at 
most, compared with several days 
when MRNA is injected into oocytes 
and so it is not surprising that only 
in the oocyte translation system was 
it shown conclusively that the poly(A) 
tail ensured the stability of mRNA 
(Huez et al. Eur. J. Biochem. 89, 589: 
1975). 

Although the translation of mRNA 
into protein has proved to be reason- 
ably amenable to study in cell-free 
systems the faithful transcription of 
RNA from DNA has been difficult to 
reproduce in vitro. It now seems that 
the use of oocytes will have an im- 
portant role in elucidating the 
mechanism of transcription and other 
related problems of gene action, par- 
ticularly its control. 

Recently Gurdon, De Robertis and 
Partington (Nature 260, 116: 1976) 
demonstrated that nuclei from human 
tissue culture cells continue to func- 
tion (synthesise RNA) when injected 
into oocytes. Further work from the 
group showed that intact nuclei were 
not necessary, but that isolated DNA 
injected into the nucleus of oocytes 
could be transcribed into RNA 
(Mertz & Gurdon Proc. natn. Acad. 
Set. U.S.A. 74, 1502: 1977). Several 
DNAs were found to be effective. but 
most of the experiments were done 
with simian virus 40 DNA. Ht is 
important to be certain that the new 
RNA synthesised is transcribed from 
the SV40 DNA and is not new oocyte 
RNA transcribed in response to the 
foreign DNA. To achieve this the 
authors compared the RNA with that 


which are known to be involved in 
the synthesis of essential microbial 
macromolecules or in animal cell trans- 
formation in cancer formation, 

The denomination of the so-called 
‘secondary metabolites’ was the subject 
of an interesting discussion. It was felt 
that although these compounds present 
some peculiarities (for example, their 
chemistry is unusual, they seem to 
have no essential role in the survival 
of the producer strains since the ability 
to produce them is easily lost by muta- 
tion, and their production is restricted 
to certain taxonomic groups), there are 


transcribed when SV40 is growing in 
its normal host (monkey cells) and 
found that they were the same size 
and hybridised to the same region of 
the viral genome. The same group 
has now produced much better evi- 
dence, not only that the RNA is viral 
in origin. but also that it is being 
transcribed correctly. De Robertis 
and Mertz report (Cell 12, 175: 1977) 
that they are able to detect specific 
viral proteins in the oocytes after in- 
fecting SV40 DNA into the nuclei. 
The extra proteins were detected by 
displaying the total cell protein using 
the 2-dimensional polyacrylamide gel 
electrophoresis separation method of 
O'Farrell, If an inhibitor of SV40 
DNA transcription was injected to- 
gether with the DNA the new pro- 
teins did not appear and, most 
convincing, if SV40 mutants, which 
code for smaller viral proteins in their 
normal host, are injected into oocytes 
the new proteins produced in the 
oocytes are correspondingly smaller, 
These results clearly establish that the 
viral DNA is correctly transcribed in 
oocytes. 

The demonstration that the RNA 
can be translated into the expected 
protein is good evidence that the 
initial transcription was biologically 
significant—starting and stopping at 
the right place. It is exactly this kind 
of precision which has been difficult 
to achieve in in vitro cell-free systems 
and which is essential for detailed 
experiments on the control of gene 
action, 

De Robertis and Mertz have also 
Shown that Drosophila histone genes 
cloned in a plasmid have produced 
‘histone-like’ protein in the oocyte 
coupled transcription-translation sys- 
tem indicating that this technique will 
be of general application in the study 
of the control of genetic expression. 


e: 


Pamela Hamlyn is at the MRC 
Laboratory of Molecular Biology, 
Cambridge. 


no major biochemical differences in the 
biosynthesis of these metabolites to 
justify a separate grouping under the 
name of ‘secondary metabolites’. 

The new approaches to the biological 
and bioengineering aspects of fer- 
mentation development were presented 
by J. F. Martin (Salamanca) and 
M. Kuenzi (Basel) respectively. The 
general feeling was that we are on the 
threshold of great advances in the field 
of genetic and biochemical manipula- 
tion of industrial microorganisms, 
whereas new developments in bio- 
engineering, such as programmed sub- 
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strate feeding and the development of 
new methods of estimation of fer- 
mentation parameters will occupy a 
second place in improving yields in 
antibiotic production. Martin discussed 
new advances in gene amplification 
using molecular cloning techniques, 
and alteration of the regulatory mech- 
anisms controlling antibiotic produc- 
tion, namely: induction, carbon and 
nitrogen catabolite regulation, feed- 
back regulation and phosphate (energy 
charge) regulation. A large number of 
studies including those presented at the 
meeting by Z. Vanek (Prague) on the 
phosphate regulation of tetracycline 
biosynthesis and H. Pape (Miinster) on 
the carbon catabolite regulation of 
tylosin biosynthesis, led to the conclu- 
sion that deliberate genetic removal of 
regulatory mechanisms involved in 
antibiotic biosynthesis is a useful tool 
to increase antibiotic production in the 
immediate future. On the other hand, 
there was a lively polemic on genetic 
engineering as a tool for the amplifica- 
tion and transfer of genes coding for 
antibiotic synthesis. While some scien- 
tists considered feasible, and perhaps 
convenient, the possibility of trans- 
ferring the capability to produce anti- 
biotics to microorganisms other than 
the natural producer, others contended 
that it may not even be desirable, let 
alone feasible, bearing in mind that so 
little is known about the genes for 
antibiotic biosynthesis. 

Recent progress in the area of bio- 
synthesis of specific groups of anti- 
biotics (tetracyclines, rifamycins and 
macrolides) were described by Vanek 
(Prague), G. Lancini (Milano) and 
H. Grisebach (Fretburg) respectively. 
Also, advances in the field of B-lactam 
antibiotics were discussed in detail. 
E. P. Abraham (Oxford) presented 
recent results from ‘this laboratory and 
from others on the complexity of the 
stereochemistry of ring-closure in the 
formation of penicillins and cephalo- 
sporins. New genetic and regulatory 
approaches to the development of 
penicillin production were reported by 
C. Ball (Ulverston). J. Nuesch and his 
coworkers H. J. Treichler and M, 
Laersch (Basel) reported unpublished 
results of his group at Ciba-Geigy on 
the methionine ‘biosynthetic pathway in 
Cephalosporium acremonium that pro- 
vide insight into the precursor and 
regulatory effect of methionine stimula- 
tion of cephalosporin production. AH 
these reports in the field of ‘biosynthesis 
and regulation of B-lactam antibiotics 
together with the discovery of new B- 
lactam antibiotics and -lactamase in- 
hibitors produced by species of 
Streptomyces and Nocardia (the ceph- 
amycins, nocardicin, thienamycin, cla- 
vulanic acid) point to a renaissance of 
interest in this interesting group of 
antibiotics. 


Secondary metabolites with no anti- 
biotic activity such as the alkaloids. 
were also considered. Advances on the 
chemistry, biochemistry and the cell 
fusion of producer Claviceps purpurea 
strains using protoplasts were reported 
by Groger (Halle), C. Spalla (Milano) 
and H. Kobel (Basel), New examples 
of the use of microorganisms in the 
specific biotransformations of chemi- 
cals and pharmaceuticals were described 
by K. Kieslich (Berlin) and H. Leuen- 
berger (Basel). These once more illus- 
trate the great possibilities, the 
advantages and the limitations, of 
enzymatically catalysed reactions for 
the modification, as well as the total 
synthesis of natural products. E 


Nuclear quadrupole 
resonance 
spectroscopy 


from J. A. §. Smith 





The 
posium on 
Resonance Spectroscopy was held 


Sym- 
Quadrupole 


International 
Nuclear 


Fourth 


on 13-16 September, 1977 at the 
Takarazuka Hotel, near Osaka, 
Japan. The local Chairman was Pro- 
fessor H. Chihara of Osaka 
University. 





THESE symposia review progress in a 
branch of radiofrequency spectroscopy 
very much concerned with structure 
and molecular motion in solids. There 
was an air of practicality about the 
proceedings of this year’s conference, 
appropriate in the light of the ideas of 
the 8th century Japanese monk, Saicho, 
who considered that scholars should 
‘serve in such undertakings which 
benefit the nation.’ The practicality 
appeared almost immediately in the 
description of a precise nuclear quad- 
rupole resonance thermometer whose 
absolute accuracy was claimed to be 
¥2mK (A. Ohte, Yokagawa Electric 
Works), 

The opening paper was given by 
E. L. Hahn (University of California, 
Berkeley), whose laboratory over the 
past 15 years has done much to 
stimulate the development of new in- 
strumental techniques in radio- 
frequency spectroscopy; his paper was 
concerned with the double resonance 
detection of 7H quadrupole resonance 
in solids, with the minimum possible 
degree of enrichment—in this case, 
1%. Such a proposal would have been 
unthinkable some 10 years ago, and 
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illustrates the extent to which double 
resonance techniques have developed 
in recent years. In the following papers, 
the emphasis was very much on con- 
solidation and application of these 
advances, from a triple resonance de- 
tection method for YO in natural abun- 
dance (R. Kado, Kyoto Sangyo) to 
detailed studies of doped alkali-halide 
crystals (T. Taki, Tokushima). Later 
papers on the instrumental side laid 
much stress on pulsed techniques and 
R. A. Marino (Hunter College, CUNY, 
New York) described a particularly 
elegant pulsed system with Fourier 
transform capabilities for “N guad- 
rupole resonance detection, which is 
now being developed commercially. 
Together with the development of such 
instruments, the increasing use of re- 
laxation measurements in chemical and 
physical problems was very obvious, 
with H. Chihara reporting on molecular 
motion in 1,2~lichloroethane, R. 
Hewitt (University of California, 
Riverside) on ™'Sb, Sb relaxation in 
the metal, A. Colligiani (CNR, Pisa) on 
uN relaxation in benzonitriles, and 
Y. Abe (Tsukuba) on a careful in- 
vestigation of structure and motion in 
hydrazine. Solid state effects were the 
subject of considerable interest with a 
survey by G. K. Semin (Institute of 
Organo-Element Compounds, Moscow) 
of the wide-ranging studies of electric 
field effects made by his research group 
in recent years, and a report by 
T. Kichi (Osaka) on intermolecular in- 
teractions in a-ICl. Another current 
field of interest is the potential applica- 
tion to biological problems, a field as 
B. Lindman (Lund) showed where 
measurements of quadrupole relaxation 
times in solution have contributed 
much new information on ion binding 
in model membrane systems. 

In inorganic applications, much new 
and important work was also presented. 
T. C. Waddington (University of 
Durham) reviewed recent work from 
his laboratory on the ICi and AuCl 
ions, which seem to show, in many of 
their salts, a kind of trans influence in 
their interionic interactions. 

Several new Zeeman studies were 
reported, among which may be men- 
tioned that of H. Negita (Hiroshima) on 
“Br quadrupole resonance in Na AlBry, 
in which the bridging “Br frequencies 
were definitely assigned; in an entirely 
independent set of experiments, 
A. Weiss (Darmstadt) had also made 
the same assignment by “Br/"Al 
double resonance (SEDOR) experi- 
ments, distinguishing between bridging 
and terminal signals by comparing their 
response to ’’Al irradiation. Fine struc- 
ture of the “I resonance due to In-l 
spin-spin coupling was reported in Infe 
(K. Yamada, Hiroshima) and theo- 
retical analysis suggests that the J- 
tensor is not axially symmetric. C] 
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International histocompatibility testing 


workshop 1977 


from F. Kissmeyer-Nielsen 


The seventh (and largest) Inter- 
national Workshop in  Histocom- 
patibility was held in Oxford on 
4-10 September, 1977. It was 
organised by Professor W. Bodmer 
(University of Oxford) with the 
assistance of Dr P. Morris (Oxford), 
Professor R. Batchelor (Queen Vic- 


toria Hospital, East Grinstead), Dr 
H. Festenstein (London Hospital 
Medical College) and Dr J. Bodmer 
(Oxford). The proceedings will be 
published by Munksgaard, Copen- 
hagen in Histocompatibility Testing 
1977, edited by W. Bodmer et al. 





KNOWLEDGE of the major histocom- 
patibility system of man, the HLA 
system, has advanced rapidly in recent 
years, It includes a still increasing 
number of closely linked loci, each 
with multiple alleles, controlling cell 
surface determinants important for 
humoral and cellular immunity. The 
biological importance of this genetic 
region is, furthermore, substantiated 
by the close association between some 
of the genes belonging to this region 
and an increasing number of diseases. 
It is known that the genetic informa- 
tion for HLA is on chromosome 6 and 
effectively includes the genes for the 
complement factors C2, C3, C4 and Bf 
as well as the erythrocyte systems 
Rodgers (Rg) and Chido (Ch). The 
polymorphic enzymes  phosphogluco- 
mutase-3 (PGM;) and glyoxalase 
(GLO) are also on chromosome 6 but 
clearly separated from HLA. Know- 
ledge of the genetic map of chromo- 
some 6 is rapidly increasing, primarily 
because of the tremendous poly- 
morphism of the HLA system which 
makes nearly every family informative 
in segregation analyses. 

The rapidly increasing knowledge of 
the HLA system has depended heavily 
on the stimulus provided by seven in- 
ternational workshops in histocom- 
patibility between 1964 and 1977. 

The main subjects of the seventh 
workshop were: 

(1) Serological investigations of the 
human fa (=immune associated) 
determinants present on B lymphocytes 
and not on T lymphocytes. | 

(2) The genetics of these la deter- 
minants as revealed by family studies, 
including recombinants, and the re- 
lationship between the Ia specificities 
as detected by serological techniques 
F. Kissmeyér-Nielsen is Professor in 
Clinical elmmunology, University of 
Arhus, and Chief of the Blood Bank and 
Tissue Typing Laboratory, Arhus Kom- 
munehospital, Arhus, Denmark. 


and the Dw determinants as revealed 
by typing in mixed lymphocyte cultures 
(MLC) using homozygous typing cells 
(HTC). 

(3) Serological investigations of ‘old’ 
and new specificities belonging to the 
HLA-A, B and C loci. 

(4) Investigations of a limited num- 
ber of diseases in order to show 
whether they were more closely 
associated with la determinants than 
with HLA-(A and) B antigens and D 
determinants. 

One hundred and fifty laboratories 
from all over the world participated 
allowing antisera for the definition of 
la determinants and HLA-A, B and C 
antigens to be tested against all major 
racial groups. For family studies data 
for more than 3,500 family members 
was included in the workshop: they 
were all tested with la antisera and 
most with HLA-A,B,C and some with 
HTCs to reveal Dw determinants. This 
resulted in a collection of nearly 800 
haplotypes and the material included 
122 recombinants of whom 42 provided 
information on la specificities. 

The Ia specificities were generally 
found to be closely associated with the 
HLA-Dw determinants as identified 
with HTCs, but the la specificities as 
serologically identified on isolated B 
lymphocytes were generally somewhat 
‘broader’ than the associated HLA-Dw 
determinants. Furthermore, in exten- 
sive family material no confirmed re- 
combination between the la and Dw 
specificities was found. It is therefore 
still unclear whether the la specificities 
are identical to, or only closely asso- 
ciated with the Dw determinants. 
Biochemical investigations of the 
isolated gene products are in progress 
in various laboratories to resolve this 
question, 

The 42 recombinants studied sup- 
ported the map sequence of the HLA- 
loci on chromosome 6 as A, C, B and 
D. 

As usual a WHO nomenclature com- 
mittee met immediately after the work- 
shop and discussed which specificities 
could be upgraded to full HL A-status 
from their previous provisional designa- 
tion, indicated by a w before the 
number. HLA-A25 and A26 (splits of 
HLA-A10) and HLA-BIS, B17, B37 
and B40 were so upgraded. 

Thirteen HLA-B specificities achieved 
provisional w-status and were designa- 
ted Bw45 to Bw54. These specificities 
included ‘splits’ of previously designated 
specificities such as B5, B12, Bw21 and 
Bw22. The old broad specificities, 4a 
and 4b were named Bw4 and Bw6 as 
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they were found particularly useful in 
defining splits of ‘broad’ HLA-B 
antigens. 

One new C-locus specificity, Cw6 
(previously T7), was agreed on, and a 
total of six Cw-specificities can now be 
recognised, some of which are well 
enough defined to qualify for full HLA 
status. However, it was agreed, for the 
time being, to continue to designate 
them Cwl to Cw6 in order not to risk 
confusion with the complement (-C-) 
factors. 

The MLC typing allowed identifica- 
tion of five new Dw determinants Dw7 
to Dwil, but all the Dw determinants 
remained provisional (w) as the cor- 
relations between some of the typing 
cells used for identification of the in- 
dividual determinants were rather low, 
most probably because of inclusion 
phenomena and cross reactivity as 
known from the HLA-A, B and C 
serology. 

The la specificities as established by 
serological assays on B lymphocytes 
were designated DRw followed by con- 
secutive numbers from 1 to 7. It was 
clearly shown that these DRw speci- 
ficities were highly associated with the 
Dw-related specificities, but it remains 
for future investigations to show 
whether they are identical to the Dw 
determinants. 


HLA and disease 

More than 2,500 patients were in- 
cluded in the workshop covering the 
following diseases: ankylosing spondy- 
litis, multiple sclerosis, juvenile dia- 
betes, psoriasis, active chronic hepatitis, 
idiopathic haemachromatosis, myas- 
thenia gravis and rheumatoid arthritis 
and several others, to some of which 
DRw typing was applied for the first 
time. 

Several of the diseases had previously 
shown associations with B locus anti- 
gens. In some cases the DRw associa- 
tion was roughly the same as the 
previously noted B locus association, 
for example, the relative risk for DRw3 
in juvenile onset diabetes, myasthenia 
gravis and active chronic hepatitis was 
between 2 and 3 which was the level of 
risk for the antigen BS with which 
DRw3 is in strong linkage dis- 
equilibrium. In the case of multiple 
sclerosis, the relative risk for DRw2 of 
3.8 was similar to that found for the 
Dw? antigen. and is much higher than 
the risk for B7 previously shown for 
this disease. The high association of 
A3 with haemachromatosis was con- 
firmed with a relative risk of 9, this 
being of particular interest as it is the 
only disease so far showing a clear cut 
A locus association, A C locus associa- 
tion was found for psoriasis: Cw6, a 
newly defined antigen showed a re- 
lative risk of 4.3 in psoriasis and ex- 
plained the previously noted associa- 
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tions with B13 and BI7, with which 
Cw6 is in linkage disequilibrium. 

Of greatest interest for the la sero- 
logy were the associations found with 
DRw4 in juvenile onset diabetes and 
rheumatoid arthritis. In juvenile onset 
diabetes DRw4 has a similar relative 
risk to the previously noted B8 and 
DRw3 and obviously points to a com- 
plicated mode of inheritance for sus- 
ceptibility. The association of DRw4 
with rheumatoid arthritis is exciting 
because it is found in 60-70% of 
patients, as opposed to about 20% in 
the normal population. This ap- 
proaches the frequencies seen for B27 
for ankylosing spondylitis patients in 
early studies. With strict definition of 
ankylosing spondylitis now, the fre- 
quency of B27 approaches 100% and 
it may be that further studies on rheu- 
matoid arthritis will reveal higher fre- 
quencies of DRw4 in some groups of 
patients. As a general conclusion it was 
clear that where patients had been Dw 
typed by MLC, very good agreement 
was found with the serological DRw 
typing and that the latter would be 
a preferable method for the studies of 


disease association with the HLA 
region, being simpler and less 
laborious. 


Other activities 

Special interest was focused on the 
possible relationship between DRw in- 
compatibilities and results of human 
transplantations. Some groups reported 
on B cell cross matches before trans- 
plants and concluded that a positive 
B cell cross match seemed to be ir- 
relevant to transplant survival, but the 
picture was obscured by the influence 
of ‘cold’ B cell active autoantibodies. 
Post-transplant investigations seemed 
to support a correlation between devel- 
opment of B cell active antibodies and 
rejection. 

J. Dausset (Paris) and collaborators 
had DRw-typed 96 haploidentical skin 
grafts performed on family material 8 
years ago. They confirmed their pre- 
viously reported correlation with HLA- 
A and B incompatibilities and graft 
survival, but they also found a highly 
significant correlation between skin 
graft survival and the number of DRw 
incompatibilities. It is clear that further 
investigations in this area are needed. 

Cell mediated lympholysis (CML) 
testing was the subject of an unofficial 
working group. The test involves edu- 
cation of cytotoxic lymphocytes (CTLs) 
in MLC-inducer cultures and sub- 
sequent testing against target cells in 
a chromium-51 release assay. 

It has until now been dogma that 
the serologically defined HLA-A, B, C 
antigens are the actual targets for 
destruction in CML, while the in- 
fluence of HLA-D determinants is un- 
known. There are, however, now 
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multiple indications that CTLs either 
recognise HLA-A, B. C antigens in a 
way different from that of antibody, 
or alternatively recognise determinants 
governed by loci other than HLA-A, 
B, C. There is even evidence of CML 
determinants controlled by chromo- 
somal regions other than HLA, for 
example the male Y-chromosome, al- 
though killing through these determin- 
ants seems to be restricted by certain 
HLA antigens. 

Thirty CTLs giving results inex- 
plicable by HLA-A, B, C, D antigens 
have been located and correlated in an 
international CML workshop. Three 
tentative CML-defined specificities 
could be identified, and they may be of 
allelic genetic origin. Each of the 
putative CMlL-traits showed, however, 
correlations with HL A-antigens, 

In conclusion, there may be reasons 
to believe that at least some CTLs pro- 
duced in vitro recognise separate anti- 
genic determinants, although much 
more work is needed before this state- 
ment can be finally substantiated. 

The next workshop will be held in 
the US in about three years time and 
will be chaired by P. Terasaki. It will 
deal mainly with DRw and A, B, C 


serology, genetics of DRw, disease 

associations and transplantation. & 
+ 

Somatomedins 


and related 
growth factors 


from M. M. Rechler and S. P. Nissley 


A workshop on somatomedins and 
other growth factors was held at 
the National Institutes of Health, 
Bethesda, Maryland, 19-21 Septem- 
ber, 1977. The conference was 


sponsored by the National Institute 
of Arthritis, Metabolism and Diges- 


tive Diseases, National Cancer 
Institute, National Institute of Child 
Health and Human Development 
and the John E. Frogarty Interna- 
tional Center. The workshop was 
organised by M. M. Rechler and 
S. P. Nissley, NIH. 





THE somatomedins are a group of poly- 


peptides which are thought to mediate 


the effects of growth hormone on 
skeletal growth (see News and Views 
267, 308; 1977). 
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At the workshop major advances 
were reported in the chemical charac- 
terisation of the various somatomedins. 
R. Humbel and E. Rinderknecht 
(University of Zurich) presented the 
complete amino acid sequence of 
insulin-like growth factor I (IGF-D, 
formerly known as NSILA I, one of 
the somatomedins purified from human 
plasma. IGF-I is a single chain peptide 
of molecular weight 7650. Its sequence 
is homologous with approximately 50% 
of the A and B chains of insulin; 17 of 
the 19 invariant residues of insulin are 
present in IGF-I. The region of IGF-I 
corresponding to the connecting pep- 
tide of proinsulin is shorter than that 
of human proinsulin (12 residues rather 
than 35). IGF-I also contains an 8- 
residue extension beyond the carboxy- 
terminus of the insulin A chain. 
Although the location of only one dis- 
ulphide bond has been identified, the 
other four half-cystine residues align 
perfectly with the half-cystine residues 
in proinsulin. IGF-I shows approxi- 
mately the same degree of sequence 
homology with both evolutionarily 
recent and primitive insulin molecules, 
leading Humbel and Rinderknecht to 
propose that IGF-I arose by gene dupli- 
cation before the evolution of the 
vertebrates. 

The relationship of IGF-I to the other 
somatomedins isolated from pooled 
human plasma remains to be deter- 
mined. Rinderknecht and Humbel have 
previously reported that more than 
70% of the 30 amino terminal amino 
acid residues are identical in IGF-I and 
IGF-I. Both IGF-I and TI, and soma- 
tomedin C have isoelectric points of 
89.8.6. Unlike IGF-I, somatomedin 
A is a neutral peptide and possesses 
only one half-cystine rsidue (L. Fryk- 
lund, AB Kabi, Stockholm). Fryklund 
also presented the complete amino 
acid sequence of somatomedin B. 
Although plasma levels of somato- 
medin B are growth hormone 
dependent, somatomedin B differs in 
chemical composition and biological 
properties from the other somatome- 
dins. Somatomedin B has no sequence 
homology with insulin, consistent with 
its lack of insulin-like activity, but does 
show homology with protease inhibi- 
tors, and preliminary results indicate 
that somatomedin B has anti-trypsin 
activity. 

A major enigma has been the rela- 
tionship of the low molecular weight 
NSILA to NSILP (human serum non- 
suppressible insulin-like protein) puri- 
fied by P. Poffenbarger (University of 
Texas, Galveston). NSILP is a glyco- 
protein of molecular weight 88,000 
composed of two non-identjcal chains. 
The Zurich group finds that most of the 
non-suppressible insulin-like activity in 
plasma is found in a low molecular 
weight form following acid treatment 
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of serum whereas in Poffenbarger’s 
purification scheme which avoids acid 
exposure, the large molecular weight 
NSILP accounts for all of the activity. 
R. Froesch (Zurich) presented the pro- 
vocative observation that low molecular 
weight NSILA, combined with its 
serum binding protein (see below) and 
chromatographed on Dowex, is eluted 
as a higher molecular weight form that 
can no longer be dissociated by acid. 
Since Dowex chromatography is the 
first step in Poffenbarger’s purification 
scheme for NSILP, Froesch proposed 
that NSILP may represent NSILA 
plus its binding protein. 
Somatomedins have also been puri- 
fied to homogeneity from a rat liver 
cell line (MSA, multiplication stimu- 
lating activity) and from rat serum (rat 
‘somatomedin’). MSA is a neutral 
peptide of molecular weight 8700 con- 
taining 3-4  half-cystines, carboxy- 
terminal glycine and a blocked a- 
terminus (A. Moses, NIH). Residues 
19-38 of rat somatomedin, a basic 
peptide with three disulphide bridges 


distantly resemble the A chain of 
insulin and relaxin (W. Daudet, J. 
Jacobs, Washington University, St 


Louis). Rat somatomedin and MSA 
are clearly different polypeptides since 
they show no cross reactivity in 
specific radioimmunoassays (J. Daniels, 
Washington University, St Louis; P. 
Nissley, NTH). 


Assays 

The cross reactivity of the different 
peptides is so extensive that no assay 
yet exists that exclusively measures 
only one of the somatomedin peptides. 
Thus when these assays are used to 
determine ‘somatomedin’ levels in 
serum the composite effect of several 
peptides is being studied: the relative 
contribution of each somatomedin de- 
pends on the assay used. 

Results from bioassays and competi- 
tive binding assays clearly establish 
that IGF-I, IGF-H, somatomedin A, 
MSA and probably somatomedin C 
constitute a class of closely related but 


not identical polypeptides. IGF-I, 
IGF-I, somatomedin A and MSA 
possess 1/50th-1/500th the activity 


of insulin in several in vitro 
assays in fat cells (J. Zapf, Zurich). 
These four purified somatomedins are 
also potent stimulators of DNA synthe- 
sis in chick embryo fibroblasts (Zapf: 
M. Rechler, National Institutes of 
Health). Somatomedin A and a pre- 
paration containing a mixture of 
IGF-I and IGF-I are equipotent 
In stimulating both uridine and sulphate 
incorporatign into chick embryo carti- 
lage: MSA was active but 10-20 times 
less potent (K. Gibson, Roche Institute 
of Molecular Biology, Nutley). 
Collaborative studies (K. Hall, Karo- 


linska Hospital, Stockholm; Rechler: 
Zapf) revealed extensive cross re- 
activity between IGF-I, IGF-II, soma- 
tomedin A and MSA in competitive 
binding assays in which “'I-labelled 
homogeneous somatomedins bound to 
either the somatomedin receptors of 
various different cell types, or to a 


human serum carrier protein for 
somatomedin. 
Autoantibodies against the insulin 


receptor isolated from a patient with a 
rare form of insulin resistance, block 
the binding of ‘I-MSA to somato- 
medin receptor on human skin fibro- 
blasts suggesting that the somatomedin 
receptors on human fibroblasts share 


antigenic determinants with insulin 
receptors (Rechler). 
Recently developed radioimmuno- 


assays for the human somatomedins 
discriminate better among the somato- 
medin-related peptides than do bio- 
assays and radioreceptor assays. R. 
Furlanetto and J. Van Wyk (University 
of North Carolina, Chapel Hill) 
reported that somatomedin A is 
approximately 3°% as potent as soma- 
tomedin C in a somatomedin C radio- 
immunoassay. ‘°I-MSA does not bind 
to the somatomedin C antibody. In 
a radioimmunoassay utilising IGF-I 
tracer and an antibody directed 
against IGF-I, somatomedin A is 
equipotent with IGF-I whereas 
IGF-H is 30-50 fold and MSA 500-fold 
less potent than IGF-I (Zapf). Hall pre- 
sented preliminary data for a radio- 
immunoassay utilising  ‘"l-labelled 
somatomedin A tracer and antibody 
directed against somatomedin A in 
which IGF-I is approximately 10-fold 
more potent and IGF-II 10-fold less 
potent than somatomedin A. MSA does 
not cross react. 


Binding proteins 

Somatomedins are distinctive among 
polypeptide hormones in that they are 
associated with specific binding pro- 
teins in the circulation. There was 
general agreement that when radio- 
labelled IGF-I, IGF-I, somatomedin 
A or somatomedin C are incubated 
with human serum and analysed by gel 
chromatography, all ligands show a 
similar binding profile (Zapf; Fryklund: 
Van Wyk: D. Schalch, University of 
Colorada, Denver; R. Hintz, Stanford 
University). Most of the specifically 
bound tracer elutes near the position 
of albumin with a minority of the tracer 
being bound to a larger molecular 
weight protein (125,000-200,000). There 
was also general agreement that a 
60,000 binding protein could be gen- 
erated by acid treatment of the larger 
binding protein suggesting that the 
larger binding protein is an oligomer of 
the smaller one. In rats, both Moses 
and Zapf presented data showing that 
LMSA and '*I-NSILA bind to large 


Nature Vol. 270 


22/29 December 1977 


molecular weight proteins in normal 
rat serum, and that both the binding 
profile on Sephadex G-200 and the 
binding capacity are growth hormone 
dependent. C. Meuli (University of 
Zurich), studying glucose uptake in rat 
heart perfused through the coronary 
arteries, found that addition of carrier 
protein to the perfusate abolishes the 
stimulation by NSILA. Meuli attribu- 
ted this inhibition to an inability of the 
carrier protein-NSILA complex to dif- 
fuse readily out of the capillary bed. 
[It is not known whether the in vitro 
anabolic actions of somatomedin are 
also inhibited by the binding protein, 


Other growth factors 


In a discussion of some of the non- 
somatomedin polypeptide growth 


factors R. Andre (Washington Univer- 
sity, St Louis) presented data support- 
ing a model of nerve growth factor 
(NGF) action in which NGF initially 
binds to cell surface receptors, is in- 
ternalised by pinocytosis and ultimately 
binds to nuclear receptors. K. Lembach 
(Vanderbilt University, Nashville) des- 
cribed studies showing inhibition of 
'HLEGF (epidermal growth factor) 
binding to human skin fibroblasts by 
lectins specific for mannose, galactose 
and N-acetyl galactosamine residues, 
suggesting that the EGF receptor is a 
glycolipid or glycoprotein containing 
those residues. The carbohydrate nature 
of the EGF receptor was supported by 
data of R. Pratt and I. Pastan (NIA) 
showing that a Balb/c 3T3 mutant 
(AD6) which exhibits impaired biosyn- 
thesis of complex carbohydrates and 
glycoproteins due to a block in acetyla- 
tion of Gie N-6-P, also shows decreased 
binding of EGF to cell surface 
receptors. AD6 cells grown in the 
presence of GlcNAc increased their 
binding of ‘“I-EGF by 50%. D. 
Gospodarowiez (University of Cali- 
fornia, San Francisco) showed the 
complete amino acid sequence of brain 
fibroblast growth factor (FGF) and des- 
eribed the pathway by which a 169 
residue inactive precursor molecule is 
converted into biologically active FGF 
consisting of residues 44-153. Gospod- 
arowicz also reported that the entire 
FGF sequence is contained within the 
sequence of brain myelin basic pro- 
tein. H. Antoniades (Harvard Univer- 
sity, Boston) described the purification 
from serum of a heat stable cationic 
(p19.7) polypeptide of molecular weight 
13,000. By radioimmunoassay this 
factor is present in small quantities in 
serum derived from _ platelet-poor 
plasma. A. Vogel and R. Ross (Uni- 
versity of Washington, Seattle) reported 
the partial purification of a similar 
factor from platelets which they pro- 
pose is the principal mitogen in blood 
serum responsible for the stimulation 


E 


of DN-A synthesis in tissue culture. [7 
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The multi-disciplinary role of intermediate energy proton accelerators in pure and applied n uclear physics 
is discussed with particular reference to the experimental programmes at LAMPF ( Los Alamos Meson 
Physics Facility) and SIN ( Swiss Institute for Nuclear Research, Zurich). 
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INTERMEDIATE energies, in the context of this discussion, refer to 
proton accelerator energies above the threshold for pi-meson 
production but below that for K-mesons, say 400 MeV up to 
| GeV. That is above the energies of the Van de Graff machines 
used for nuclear structure studies but below the multi-GeV proton 
synchrotrons used in high energy elementary particle physics. 
About 1960, experiments in this energy range were reaching the 
limits of technique with the then available intensities of the 
variable frequency synchrocyclotrons and so interest shifted to the 
new, higher energy proton synchrotrons where high energy 
particle physics has thrived. However, a very rich field remained, 
awaiting a new generation of proton accelerators with intensity 
increases of 3 to 4 orders of magnitude: the so called “pion 
factories’. These machines have now been operational for a few 
years and it is an interesting time to review their role as multi- 
disciplinary facilities. Relevant parameters of these new accel- 
erators are listed in Table | together with those of some older but 
recently upgraded machines. Duty cycle is an important but often 
neglected parameter in that it governs the type of experiment for 
which the machine is best suited. 

The proton beams from these accelerators can be used in their 
own right but in general other particles such as pions, muons, 
protons, neutrons, electrons, photons and neutrinos are gen- 
erated through proton interactions in massive targets. Some 
particle properties are listed in Table 2. Typical particle fluxes to 
be obtained from 100 uA of proton beam are 


| x 10'® spallation neutrons at ~ | MeV 


1x 10° x*/s 
in the energy range 100-600 MeV 


Ix 108 27 /s 

| x 10” stopping pions per s 

6 x 10° stopping muons per $ 

3 x 10'* neutrinos per s at source 


The exact fluxes depend on the geometry of the beam concerned 
and in particular muon beams, which arise from pion decay, are 
very dependent on the exact layout. The highest intensity muon 
beam is at SIN! where a superconducting solenoid system collects 
and transports 3 x 10° u~ 's”! at 125 MeV/c. 

Such beams of particles are now being used for a wide range of 
experimental investigations, from the pure science aspects of 
nuclear and particle physics through their use as diagnostic tools in 
the applied fields of «SR and mesic X-rays in condensed matter 
research to the directly practical fields of isotope production and 
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medical therapy. These fields will now be discussed in more detail 
with particular reference to characteristic experiments which are 
being carried out at the SIN and LAMPF meson factories. 


Particle and nuclear physics 

Particle and nuclear physics continue to play a central part in the 
programme of experiments although continually challenged by the 
increasingly important part played by the applied nature of much 
of the research. The weak interaction is being extensively studied at 
SIN and LAMPF and provides an ideal example of how the study 
of rare processes using the high fluxes from pion factories can 
successfully complement experiments at the high-energy machines 
which explore the sub-structure of ‘elementary’ particles. The 
conventional form for the weak interaction, with only vector and 


experiments at high energies involving neutrinos and has opened 
up once again the whole question of the form of the weak 
interaction and the associated conservation laws. Muon decay 
experiments are free from strong interaction effects but are 
insufficient alone to specify the charged current weak interaction 
Hamiltonian. One needs to assume Me = M, = Oand to look for 
indirect evidence from hadronic decays. | 

Limits on the neutrino mass are obtained by measuring 
momenta in the decay 774 +y, presently a SIN experiment has 
set an upper limit? of 0.5 MeV for the mass but both SIN and 
LAMPE expect eventually to reach 0.2 MeV. Possible scalar and 
tensor contributions can be studied through the electron polarts- 
ation from muon decay. Limits will be reduced by a factor of 5 at 
SIN in experiments now under way. 

Zero mass for the neutrino forces them to have 100%, polaris- 
ation and the observed negative helicity accords with the charged | 
current V-A Hamiltonian. The zero spin of the pion then forces its 
decay muon, or electron, to have the same, but unnatural, helicity 
and the decay can only proceed since the charged lepton mass ts 


non-zero. The (V-A) form and electron-muon universality are 


sufficient to predict? 


The accuracy of the present experimental value? of 
R = (1.274+0.024) x 10° * will soon be improyed by experiments 
at LAMPF and TRIUMF. Departure of experiment from 
theoretical prediction would also occur for example if a heavy 
lepton (L), whose existence has recently been indicated in high- 
energy experiments was coupled only with the electron neutrino. 
Furthermore if the heavy lepton is mixed with thg muon and 
electron then the decay u? +e*y could occur at a rate 107° to 
10° © of the normal decay. Such a decay, forbidden by separate, 
additive lepton conservation laws would be of fundamental 
significance and experiments are in progress at all the meson 
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Table ł 


Meson facilities 


Samina teei eeen rerea a r a aasa pepe suse 


Range of 


Beam intensity 


Accelerator proton energy (nA) 
Facility type Country (MeV) Planned Operated at Duty cycle 

LAMP F Linear USA 600--800 1000 100 6x 10°? with @.5ns per 
S ns 

SIN Cyclotron Switzerland 590 100 100 1.0 with I ns per 20 ns 

TRIUMF Cyclotron Canada 180-520 100 50 1.0 with | ns per 42 ns 

SREL Synchro-cyclotron USA 600 l-2 1-2 0.5 

DUBNA Synchro-cyclotron USSR 680 25-50 2 0.5 

CERN Synchro-cyclotron Switzerland 600 10 2 0.5 
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factories to search for this decay. The published limit* 


has already been reached at SIN and TRIUMF and should be 
considerably improved in the coming months by experiments at all 
three laboratories. 

The high intensities of the pion factories are now sufficient to 
give good counting rates in high-resolution spectrometers in 
nuclear scattering experiments. Until now complex nucleus scat- 
tering experiments were restricted to well separated final states 
such as the ground state of '*C with its first excited level at 
4.4 MeV. The resolution is now sufficiently good to determine the 
energy state of many recoil nuclei. LAMPF are at present 
commissioning high-resolution spectrometers for both pions and 
protons. 

At SIN, elastic and inelastic 2* scattering from '?C and the 
double charge exchange reation '°O (n*,n~)'®Ne have been 
measured“: in the latter they were able to resolve the ground state 
and 1.89 MeV first excited states, a reaction first reported® from 
LAMPF in an experiment where a resolution of 4 MeV was 
insufficient to separate the states. Double charge exchange can 
now become a powerful tool in nuclear structure research, 
identifying AT, = 2 isobaric analogue states and giving exciting 
prospects for looking at proton rich nuclei. 

Also at SIN is a high resolution pair spectrometer with large 
acceptance. This measures the energies of y-rays coming from 
radiative pion capture MAZ) (w.a) N(A,Z—1). which 
comprises ~ 2% of all captures, and enables studies to be made of 
the energy levels of the final unstable nucleus’. 

At LAMPF there has been considerable work® on low-energy 
elastic z* scattering from selected nuclei. which conclusively 
demonstrated the importance of both nuclear structure and pion 


only a matter of time until a complete set of experiments will have 
‘been done on elastic scattering, measurements of the spin- 
dependent parameters, and all inelastic channels. 


Exotic atoms 
A negative muon or pion will be slowed down in matter ina time of 
the order of 10°!°s, which is considerably smaller than the 
particle’s lifetime. Being negatively charged it can be captured into 
an atomic orbit about the positively charged nucleus. The atomic 
levels for a given set of quantum numbers are increased in energy 
by the ratio of the particle mass to electron mass compared with the 
corresponding electron orbits whilst the classical radii of the 
atomic orbits are decreased by the same factor, This ‘exotic’ atom 
will become de-excited to orbits of lower principal quantum 
number (7), first by Auger transitions and later by X-ray emission. 
Amuoneventually reachesthen = | orbit where it either decays or 
is captured by the nucleus. Because of the strong interaction a pion 
will be captured by the nucleus as soon as it reaches a state of low 
enough angular momentum where the pion wavefunction has a 
significant overlap with the nucleus. Measurement of these X-ray 
spectra can yeld a wealth of information ranging through studies 
of quantym electro-dynamics (QED) and nuclear structure to 
studies of atomic cascades and applications to chemical analysis. 
Precise measurements of X-ray energies for muonic atoms made 
3 to 4 years ago seemed to indicate a discrepancy’ with values 


calculated using QED. Improved measurements made more 
recently’? together with further refined evaluation’! of the 
‘vacuum polarisation’ terms in the QED calculations now give 
very satisfactory agreement. Measurements of X-ray energies for 
muonic atoms are still of great interest, however, as the values for 
the lower n states can give valuable information on the nuclear 
charge distribution. Experimenters at CERN, LAMPF and SIN 
are collaborating in very precise measurements of muon tran- 
sitions in 4 ~ 40 to ÆA ~ 95 isotopes'?. This is providing a 
systematic study of nuclear charge distributions and its changes 
with Zand N. Measuring hyperfine splittings gives information on 
nuclear electric multipole moments and work of this type! * is being 
done at LAMPF for the osmium and platinium isotopes. 

In the field of applications the use of muonic X-rays for in-situ 
analysis of bulk material composition is being investigated!*:'5 at 
LAMPF. The method is non-destructive and by varying the beam 
parameters itis possible to investigate the distribution of elements 
through the volume of the object. The method has the advantage 
that it can be used for any element and is of particular interest for 
light elements where methods such as neutron activation are not 
suitable. In the case of medium and high Z elements it is sometimes 
possible to distinguish between isotopes of the same element. 
Typical sensitivities are of the order of a few parts per thousand. 

So far we have assumed that the relative concentrations of 
different elements can be deduced from measurements of the 
relative X-ray intensities. However. it is now known that the 
chemical and physical form can influence the relative intensities of 
X rays from exotic atoms of a particular element. This is because 
the particle is initially captured into an atomic state of large radius 
which can be affected by the atomic and molecular electron clouds 
and hence by the chemical and physical form of the material. Thus 
studies of mesic X-ray spectra could yield considerable infor- 
mation about the structure of the outer electron shells and there are 
extensive programmes of work to study these phenomena at 
several laboratories. At present the subject is an interesting 
branch of atomic physics but the improved and systematic 
experiments now in progress will require detailed comparisons 
with realistic theoretical models before exotic atom chemistry can 
become a serious and reliable tool for chemical and solid state 
studies. 

What additional information is obtained by studies of pionic X- 
rays? As already mentioned the strong interaction with the nucleus 
causes the pions to be captured if their wavefunction has a 
significant overlap with the nucleus. As a result the lowest 
observable level will be broadened and shifted in energy from the 
QED values and measurements of these effects can be a powerful 
tool!” for investigations of pion-nucleus interactions. This is a 
topic of particular significance because the pion-two-nucleon 
interaction is expected to dominate. Capture on single nucleons 





Table 2 Particle properties 





Particle Mass Spin Lifetime Principal 
type (MeV) (ht) (s$) decay mode 

Neutron 939.6 5 918 pte +r 
Proton 938.3 Í Stable ~ 
Pion 139.6 0 2.6% 107* +h 
Muon 105.7 5 22 RAG °° eye f 
Electron 0.511 I Stable a 
Neutrino ~ 0 I Stable == 
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Fig. Muon precession signal in paramagnetic (a) and fer- 


romagnetic (b) Ni. This figure is based on one tn the article "On the 
application of polarised muons in „solid state physics” by A. 
Schenck *?. 


bound in a nucleus is strongly “suppressed by energy and momen- 
tum conservation. 


A very wide range of measurements of shifts and widths of 


pionic X-ray transitions are now available. The high intensity 
stopped pion beams make measurements with separated isotope 
targets possible so enabling comparisons to be made between 
different isotopes of the same element. 


Biomedical applications 

There has been considerable development work at many accel- 
erators on the use of negative pions for the treatment of cancer, 
Clinical studies with human patients started in 1974 at LAMPF!§ 


and SIN'® are building a large medical centre with treatment of 


patients planned for 1979. Negative pions have physical and 
biological properties that could lead to significant improvements 


in radiation therapy which presently is used for more than half of 


cancer patients. 

A negative pion can be made to pass through normal tissue with 
low ionisation dose and then to stop in a small well defined volume 
with high dose. This high dose results from both the increase in 
ionisation rate as the pion slows down and the short range 
fragments coming from the stopped pions which annihilate on a 
nucleus: a significant fraction of the pions rest mass of 140 MeV 
goes into producing heavy nuclear ions. Anoxic (oxygen deficient) 
cells commonly found in tumours have an intrinsic resistance to 
damage by radiation but which can be overcome by high linear 
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energy transfer (LET). The high ionisation rates of stopping pions 
and nuclear fragments may help to incre: ase their relative biological 
efficiency (RBE). 

Several laboratories have dedicated biomedical pion beams with 
intensive and detailed programmes designed to lead to the 
treatment of patients. Starting with simple systems, radio- 
biologists are investigating the claims for high LET, the effects 
on normal tissue and genetic damage. AT LAMPF, treatment of 
selected human patients!” began in 1974 and has now included 
tumours in skin, subcutaneous tissue, muscle, oral cavity, chest 
wall and lung. Measurements on the pion beams and the stray 
radiations, physical dose in different tissues and equivalent dose 


- measurements with biological dosimeters are some of the physical 


and biological dosimetry studies being made. 

The well known EMI X-ray scanner provides density recon- 
struction in axial tomography of tissues for medical diagnosis. At 
LAMPE an experiment has started using the energy loss of a 
proton passing through a specimen to determine the density 
projections; computer simulation has suggested that 0.4%, density 
resolution can be obtained with a proton dose several times smaller 
than from X rays. 


Isotope production 

When a complex nucleus receives energy from a 600 MeV proton 
or from a pion or muon, it can fragment, and many particles are 
given off---alpha particles, neutrons, protons and spallation nuclei. 
Several systematic studies have started, particularly at LAMPF: 
often the initial reason is pure nuclear physics but frequently 
applications soon follow. 

Of considerable interest are the nuclear and atomic properties of 
proton- and neutron-rich nuclei far from the mass stability curve 
that are produced in (p. p Ynjand(p. ¥pn) reactions. In studies of 
very short lived nuclei. the on-line mass isotope separator of the 
ISOLDE facility?" at CERN has a major role. The subject also 
goes hand-in-hand with isotope production for medical and 
industrial use, 

Reactors make neutron-rich products che; iply whilst compact 
cyclotrons make neutron-deficient isotopes, via (p. Yn) reactions, 
(where Y = |. 2,3) which are relatively free of contaminants. The 
two sources and types of isotope essentially do not compete. For 
nuclear medicine application neutron-deficient isotopes will 
almost always be preferable since they generally decay by electron 
capture. Where positrons are emitted, a very attractive form of 
radiography becomes available with the almost back-to-back 
annihilation y rays providing a characteristic signature, 

For higher energy protons both production yields and Y 
increase whilst (p. Xp Yn) reactions also become significant. 
However. this is a nonspecific reaction with many neutron- 
deficient isotopes being made but specific decay routes can often 
overcome this disadvantage. Many useful isotopes can only be 
made from 800 MeV protons and many attractive isotopes are 
more easily and cheaply made. For instance?', at LAMPF., 
protons on molybdenum yield many useful isotopes of zirconium, 
yttrium and strontium. At SIN. they are investigating?? the 
medically important 15I, 


Radiation damage and neutron production 


The copious production of low-energy neutrons and spallation 
products in 800 MeV proton interactions allows the use of these 
machines for fundamental studies on radiation damage at a high 
rate. Such damage is a major engineering problem in fission and 
fusion reactors, especially in the first walls of a possible fusion 
reactor. Heavy tons are the usual investigatory tool but only for the 
surface. Through the spallation process a proton beam can be 
effectively a source of heavy ions throughout the body of the 
material studied. 

So far there have been extensive calculations??? and one 
experiment“*** on aluminium samples irradiated #0 a damage 
level of a few displacements per atom (d.p.a.) which were 
compared with fission neutron damage of Al to the same d.p.a. The 
following exciting conclusions were reached. 800 MeV proton 
bombardment simulates fission and fusion neutron irradiation but 
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with a much lower heat per d.p.a. so that high current densities or 
damage rates are possible. Similar void densities for a given d.p.a. 
were obtained with proton and fission neutron irradiation al- 
though the former produces 1,000 times as much He. This isa very 
significant result since there had been speculation that the high He 
production per d.p.a. of fusion neutrons compared with those 
from fission could give a corresponding increase in the void 
nucleation rate. Additionally, there was no unexpected proton 
damage although a wide range of impurity atoms was produced. 

= Neutrons are numerically the greatest product in 800 MeV 
proton interactions. Each proton can produce 24 neutrons froma 
tungsten target or 40 from one of uranium: in some sense there are 
more neutrons from spallation than from fission. In Canada there 
is extensive interest in using spallation neutrons from intermediate 
energy accelerators for fertile to fissile conversion.. Radiative 
neutron capture in 7°"U and 7?°Th leading through f decay to 
239Py and 7U are being studied at TRIUMF in the 
FERFICON?® project. 


Muon spin rotation 


Muon spin rotation (HSR), so named because of its close analogy 
with nuclear magnetic resonance (NMR) and electron spin 
resonance (ESR), performs many functions of these well-tried 
techniques in the study of condensed matter but in addition has 
many advantages of its own’’. The method originated in experi- 
ments on the (g~2) and magnetic moment of the muon. The 
former has tested quantum electrodynamics to better than | partin 
10° and demonstrates that muons behave as heavy electrons. At 
SIN they are determining the muon magnetic moment to | part per 
million by measuring its Larmor precessional frequency in a 
known magnetic field. 

The principle of wSR is to determine the Larmor precession 
frequency and the relaxation time of polarised muons by observing 
the muon decay asymmetry as a function of time. This field 
pioneered in the 1970s by the Berkeley group at the 700 MeV 
cyclotron is an ideal example of the cross-fertilisation of the ideas 
between nuclear particle physicists and condensed matter re- 
search. There are two kinds of muon spin rotation, u* SR and u` 
SR; in the former the muon behaves as a light proton and in the 
latter it behaves as a heavy electron. In the former case the pt” 
diffuses interstitially through the material whilst for the latter the 
u“ will be bound in the ground state of a muonic atom and hence 
located close to the nucleus. 

A typical experiment of this type involves slowing down and 
implanting in the sample one of these muons whose spin direction 
is well defined. The process of thermalising the muons occurs ona 
short enough time scale (~ 107'°s) such that the full spin 
polarisation of the muon is preserved. The muon spin will then 
precess about the local magnetic field at a frequency determined by 
this field and the muon magnetic moment until such time as it 
decays p“ e * +v, +7, The probability for the muon to decay at 
a given time is a constant and leads to a characteristic exponential 
decay curve for the muon with a time constant of 2.24 s. The 
positron (e” )is emitted in the decay preferentially along the muon 
spin direction so that observation of this positron implies the 


direction of the muon spin after a time (1). Observations of many 


such muons, all decaying at different times (1) leads to a curve of 
the type shown in Fig. 1. As can be seen the characteristic 
exponential decay of the muon has superimposed upon it an 
oscillation whose frequency is dependent upon the local magnetic 
field seen by the muon. The difference between paramagnetic and 
ferromagnetic nickel is dramatic and obvious. 


The advantages to be gained in using SR as compared with 


other techniques like NMR, ion implantation, Mossbauer effects 
or even neutron diffraction in solid state physics are based on the 
fact that the muon is point-like with no structure or significant 
electromagnetic perturbations; its spin is} fiand therefore it has no 
quadrupole moment. The fact that 10° to 107 muons are sufficient 
to give an*adequate signal and with only a few muons present in the 
sample at any one time means that cross talk and disruption or 
radiation damage to the host is minimal. 
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Uses to which this technique can be put are many and varied but 
include studies of magnetic effects**. diffusion processes and of 
impurity centres in semiconductors and insulators. Forexample at 
SIN positive muons are being used to look at diffusion effects in 
metals as a function of temperature” and to study atomic defects. 
In the latter case the muon has considerable advantages over 
positrons, which can also be used. Because of its greater mass the 
muon can be used to detect traps with a potential too weak to find a 
positron and in certain cases absolute defect concentrations can be 
measured. A similar programme of experiments has been pro- 
posed at LAMPF. 

Muonium (4° e7) is formed in the slowing down of positive 
muons in non-metallic materials, particularly in liquids. The 
existence of these thermal sources of relatively stable bound 
muons allows chemical effects to be studied. For example at 
SIN comparisons*® are being made between muonium 
(mass ~ 1/9 m,,) reaction rates with those for the corresponding H 
atom rates. Previous studies of isotope effects were limited by the 
1:3 mass ratio between 'H and?*H. 


Neutron sources 

We have tried to show in this review that a high-intensity 
intermediate energy proton accelerator can not only be used for the 
traditional studies in nuclear and elementary particle physics but 
can also support a full, wide-ranging and rewarding multi- 
disciplinary programme of experiments. The meson factories at 
LAMPF. SIN and at TRIUMF in Canada. all conceived with the 
pure research aspects of nuclear and particle physics in mind, are 
now assuming an increasingly important role in these applied 
aspects. One such topic which is becoming important at LAMPF 
and at TRIUMF and which is being considered around the world 
for future generations of meson factories is the use of intermediate 
energy accelerators as primary sources for the generation of very 
high neutron flux densities, greater than those available from 
conventional nuclear fission reactions. 

The use of neutrons to study the structure of matter is nowa well 
established technique and Europe, with Britain well to the fore, has 
a wide programme of work in this field using reactor facilities both 
nationally and at the French, German and British Institute Laue- 
Langevin in Grenoble, France. The condensed matter research 
community in their striving for ever more intense and versatile 
sources have now realised that a proton accelerator could be the 
basis of the next generation of facilities for this type of work. We 
have already mentioned that through the spallation process, a 
800 MeV proton can give up to 40 neutrons when it strikes a 
uranium target. This, together with the fact that the proton beam 
can be pulsed. so enabling time-of-flight methods to be used, could 
give a neutron source with between one and two orders of 
magnitude improvement over that currently available from the 
best reactors. 

Such a proton based source has been proposed at the Argonne 
laboratory in the USA, in the USSR, whilst in Britain the Science 
Research Council has just received approval for a similar project to 
be built at the Rutherford Laboratory. This latter project*! will use 
much of the present NIMROD accelerator now engaged in high- 
energy physics research and which is due to be closed down in mid 
1978. The new facility in its basic form will provide 200 pA of 
800 MeV protons in 53 pulses per s each of 200 ns duration. In 
principle such a machine could also be used for experiments other 
than neutron scattering. It is to be hoped that these new machines 
will embody flexible duty cycles as part of their design criteria and 
enable the full range of multi-disciplinary uses of an intermediate 
energy accelerator to be carried out at the one facility: the cross 
fertilisation of ideas being of benefit to the whole community, The 
programmes of research at SIN, LAMPF and TRIUMF have 
shown the way for the community to benefit from the expensive 
and sometimes remote world of high energy particle and nuclear 
physics. 

Reports on proposed experiments and work in progress are 
given in Annual Reports from the SIN and TRIUMF laboratories 
and in Newsletters from LAMPF and SIN. We have used these 
sources extensively in the preparation of this article. 
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The TRIUMF 520 MeV H~ cyclotron produces intense beams of protons, pions and muons supporting 


basic research in nuclear, particle and solid-state physics, nuclear chemistry and biomedicine, and applied 
research in electromagnetic breeding of nuclear fuel, proton radiography, radioisotope production and 


Cancer tredtment. 





"MESON factory’ is the term coined to describe intermediate- 
energy accelerators designed as prolific sources of pions and 
muons. So far three capable of delivering proton currents larger 
than 100 4A have come into operation':*: LAMPF, an 800 MeV 
proton linear accelerator at Los Alamos, New Mexico (1972); 
SIN, a 590 MeV proton cyclotron, near Ziirich (1973); and 
TRIUMF, a 520 MeV H cyclotron. in Vancouver (1974). These 
facilities have proved to be of multidisciplinary interest. Nuclear 
physicists and chemists can study the interactions of the nucleus 
either with pions, the particles mainly responsible for holding 
protons and neutrons together, or with the nucleons themselves, 
at energies where their de Broglie wavelength is much smaller than 


a nuclear diameter, Particle physicists can study the properties of 


nucleons, pions and muons and their interactions among them- 
selves. Solid state physicists can use muons as novel probes for 
determining magnetic fields in crystal lattices, and neutrons for 
scattering and diffraction studies of molecular structure. Chemists 
can use muonium (u` e ) atoms in the study of chemical 
reactions in gases. Biomedical scientists can study the effects of the 
various radiations on living cells. The meson factories also have 
worthwhile practical applications, particularly in medicine. The 
localised dose delivered by negative pions holds out the hope for 
improved treatment of deep-seated cancers. Proton-induced spal- 
lation reactions can be used to produce useful proton-rich 
radioisotopes and to convert fertile to fissile nuclear fuel. Protons 
can also be used for high resolution, low dose, radiography. 
TRIUMF is a cooperative project of the University of Alberta, 
the University of British Columbia, Simon Fraser University and 
the University of Victoria the acronym having been too pre- 
cious to drop when the original three universities were joined by a 


fourth. The land, buildings and some administrative services have . 


been provided by the universities; the accelerator and experimen- 
tal equipment were funded by the Atomic Energy Control Board 
of Canada from 1968 to March 1976, when responsibility was 
transterred to the National Research Council of Canada. 


The cyclotron and particle beams 


The design of TRIUMF? is based on a proposal* by J. R. 
Richardson (director 1971-76) for a meson factory based on a 
sector-focusing cyclotron accelerating H` ions. The chief advan- 
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tages of this design are (1) continuous, rather than pulsed, beams 
are produced with modulation only at the RF frequency; (2) the 
extracted beam energy is continuously variable from 180 to 
520 MeV; (3) two or more beams can be extracted simultaneously 
at independent energies and intensities. 

The first feature is not only advantageous for the coincidence 
detection of nuclear reaction products, but is also the essential 
characteristic making possible the acceleration of 100 pA beams, 
rather than the | pA typical of the (pulsed) synchrocyclotrons 
previously available in this energy range. Continuous operation 
ata fixed frequency is made possible by the division of the magnet 
Into sectors (Fig. |). These provide periodic focusing forces on the 
internal beam, thus compensating the vertical defocusing as- 
sociated with a magnetic field in which the ion orbit time is the 
same at all energies. 

The unique feature of the TRIUMF design, which is crucial to 
obtaining multiple beams and variable energy, is the acceleration 
of H` ions. Extraction, a notoriously difficult and inefficient 


Fig. 1 The TRIUMF staff assembled on the six lower sectors of the 
cyclotron magnet, Spring 1972. The 12 columns carry jacks for 
lifting the entire upper half of the magnet, weighing 2,000 tons 
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Table 1 Beam properties 
en 


Beam Particles Polarisation Energy 
line (MeV) 
1/4 p 0) 180-520 
1/4 p 70-80%% 180-520 
4A n 40-75%, (160)—500 
M8 n* 20-120 
M9 n* 15-65 
M9 n* stopping 
M9 ue 60", 20-75 
M9 ue 100%, 4.1 
M20 ue 100°, 4.) 
M20 ye 60", 90 
MI! n* (30-350) 


Momentum Intensity Spot size 
spread (cm x cm) 
0.2% 100 uA 0.3 x 1.4 
0.2% 120 nA 0.3 x 1.4 
(1%) 6 x 107 57 7x9 

o P 1x2 
1.5-15% < 10x 10"s 10x 10 
2-15% E 10" 3" 3x 10 
2-15% 5 x 107(s-g-cm~?)~? 

2-15% S 10" s"* 3x10 
2-15% 210° ¢-* SI 
5% 5x 10% 5s"! 6 x 6 
$% Og? 10x10 
(0.1%) (< 8x10*%s~') (I x 1) 


Intensities of secondary beams are quoted for the proton currents listed. n~ and p~ beams have the same properties as m* and 4” beams, except that 
their intensities are a factor ~ 5 lower. Figures in parentheses represent theoretical estimates. 


process for circular accelerators, is made trivial by passing the 
negative ions through a thin carbon or aluminium foil, stripping 
the two electrons away and leaving positively-charged protons, 
which then curve away from the cyclotron. In the case of 
TRIUMF two foils are used, 180° apart in azimuth, to provide 
two external beams, and each may be adjusted in position to 
provide beams of continuously variable energy and intensity. By 
changing foil shapes as well, it has been possible to vary the ratio of 
intensities in the two extraction channels from 1:1 to 1:5000. 

A full report of recent developments on the cyclotron and beam 
lines (Fig. 2) has been given by Dutto er al. °. In regular operation 
beam currents have been limited to 10 HA up to now by the 
capacity of the temporary beam dump—although over 100 pA 
was run for 45 minutes in a successful test in July 1977. 100 pA 
beams should be regularly available by the end of the year when 
the permanent beam dump and thermal neutron facility (TNF) 
should be ready for operation. These will be capable of handling 
the 135 kW power in the 300 uA beams which could be extracted 
at 450 MeV. The TNF, with a lead target in a D,O moderator, 
will be a potent source of thermal neutrons (~5 x 10!2 cm~? 57! 
for scientists of various persuasions in the reactor desert of 
Western Canada. 

Three secondary beams of pions and muons are currently 
produced at target T2 in the high intensity beamline BL1. The 
performance of these is summarised in Table 1. Three further lines 
are under construction: BL1B for low intensity protons, M11 for 
fast pions, and M13 for slow pions and muons (Fig. 2). 

In addition to the regular ion source, a ‘Lamb shift’ polarised 
source has been operating since February 1976. Itcan provide 960 
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nA of H` ions, of which 120 nA can be accelerated and extracted 
with 75-80% reversible polarisation. The variable energy of this 
polarised beam makes it unique in the 200-500 MeV region; such 
is the demand for experiments that it has been scheduled for 
almost half the time since it became operational. For the past year 
a beam of almost monoenergetic polarised neutrons has also been 
available’. When the polarised proton beam hits a liquid de- 
uterium target the neutrons emerging at 9° in the initial 
polarisation-beam plane are found to be between 40% and 75%, 
polarised, depending on the initial proton energy (Fig. 3). 

Developments planned for 1978 include extraction of proton 
beams in the 70-180 MeV range for isotope production and lower 
energy nuclear experiments, and the addition of a third harmonic 
component to ‘flat-top’ the RF wave. This will improve the beam 
quality and allow individual turns to be extracted with a con- 
sequent reduction in energy spread from the present | MeV 
FWHM to only 0.1 MeV, sufficient to distinguish many nuclear 
States. 


Basic research with pions and muons 


An experiment of considerable topical interest this year has been a 
search on the M9 channel for muon decays by the process 
u* + e* +y. In 1964 the branching ratio for such decays, which 
lack the neutrinos appearing in the usual process 
U“ +e*+¥,.+9,, was found to be <2.2x 10-8. This has been 
taken as evidence for the conservation of separate electronic and 
muonic lepton numbers. Recently, however, leptons heavier than 
the muon have been found”. If new leptons were to be coupled to 
both electrons and muons the conservation laws need not be exact 
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Fig. 3 Polarisation of the polarised proton (A) and neutron (©) 

beams at various energies. The neutron values represent the spin 

rotation parameter R, for the d(p,n)2p reaction multiplied by an 
- assumed polarisation of 0.78. 


and a finite fraction of muons could decay by the u — ey process 
(see, for example, ref. 9). An alternative mechanism’? which 
could permit y—ey decays is exchange of Higgs bosons, particles 
postulated in modern gauge theories of the weak interaction but 
not yet observed experimentally. Theoretical estimates for these 
processes have put the branching ratio for u - ey in the range 
10° '?2 + 107". 

To identify the decay process experimentally, two large sodium 
iodide crystals (46cm and 36cm diameters) were placed on 
opposite sides of the stopping target to measure the energies of 
electrons and y rays. Analysis of the first runs has revealed one 
possible event and one background event, yielding an upper limit 
of 3.6 x 107° on the branching ratio at a 90° confidence level}. 

Measurements are also being made of the branching ratios for 
the rare decays of the pion z — ev and z > evy. The former ratio 
provides a sensitive test of muon-~electron universality, that is 
whether the muon and electron respond equally to the weak 
interaction. 

Information on the threshold pion~nucleon (n-N) interaction 
has been obtained from studies of stopped pion charge exchange 
(n`. n”) reactions in hydrogen, deuterium and *He. At very low 
energies the ‘strong’ pion—nucleon (n-N) force is in fact relatively 
weak: its comparability to electromagnetic interaction strengths 
is demonstrated by the near-equality of the rates for the stopped 
pion charge exchange reaction nm” p -» zn in hydrogen and the 
radiative capture reaction 2 p — yn. The ‘Panofsky ratio’ of 
these two rates has now been remeasured at TRIUMF using the 
large sodium iodide crystals to identify the n” s by their two decay 
v rays. The value obtained!? was 1.546+0.009; the precision of 
this result, twice that of previous work, helps to determine the 
n-N interaction at threshold more accurately. 

in deuterium the charge exchange reaction n~ d — a nn at rest 
is strongly suppressed by conservation laws. In fact the non- 
observation of this reaction provided early evidence that the z` 
had the same (negative) parity as the z`. The reaction is not 
totally prohibited. but for it to occur both the 2° and the two 
neutrons must be produced with non-zero orbital angular mo- 
mentum. With only 1.09 MeV kinetic energy available such a 
final-state configuration is very unlikely. Using information from 
the n-N interaction at threshold the branching ratio has been 
estimated!’ to be 1.49+0.10 x 10° *. The sensitivity of the present 
equipment has now enabled the reaction to be seen at rest for the 
first time’? (Fig. 4) with a branching ratio of 1.45 +0.19 x 107%, 
an order of magnitude smaller than the upper limit previously 
established, and in agreement with the theoretical estimate. 

Studies of n-nuclear interactions are exemplified by an experi- 
ment on the elastic scattering of positive pions from '°C. This has 
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utilised the good quality low energy pion beams available on the 
M8 channel to study the relatively unexplored region below the 
(3,3) resonance, caused by excitation of individual nucleons to the 
A(1232 MeV) state, and which dominates the scattering of pions 
between 70 and 400 MeV). Measurements were made'* with 30, 
40 and 50 MeV pions at scattering angles from 15° to 150°. This 
angular range includes the sensitive region of interference be- 
tween Coulomb and nuclear scattering at these energies and 
should therefore provide a stringent testing ground for any 
theoretical models. In fact theoretical calculations '* based on free 
n~-N scattering are in poor agreement with the data unless nuclear 
absorption and Pauli exclusion effects are included; these effects 
have not been needed to account for data at higher energies. 
When 30 MeV negative pions were scattered from the same target 
the data clearly showed the difference between 2° and n` 
Coulomb interference effects. 

Muons which slow down and stop in matter will generally be 
captured by nearby atoms in the few microseconds before they 
decay, The events which take place in this short period make 
possible two fields of study, muonic X-rays and muon spin 
rotation (SR). Both are being actively pursued at TRIUMF, but 
but we shall concentrate on the latter. The muons in the beam are 
strongly spin-polarised as a result of conservation of angular 
momentum at their formation in pion decay (z -> py), the 
neutrino being inherently polarised while the pion has spin zero. 
The standard uSR technique consists in measuring the time 
interval between the stopping of a spin-polarised muon and the 
detection in some fixed direction of the electron emitted in its 
decay u — evv. Since the electron tends to come off in the direction 
of the muon spin axis, a time spectrum accumulated from many y 
decay events will display oscillations with the frequency of 
precession of the muon spin in the local magnetic field. 

uSR studies involve three groups on channel M20. One group 
has concentrated on the behaviour of positive muons in fer- 
romagnetic metals, where the muons are captured into interstitial 
positions in the lattice but can then diffuse from site to site. In 
cobalt (Fig. 5) temperature variations in the relative directions of 
internal dipolar and hyperfine fields lead to drastic changes in the 
u* precession frequency and relaxation rate'*. In a large ex- 
tremely pure single crystal of iron (150 x 48 x 1.1 mm) precession 
was observed down to 23 K in zero applied field'®; previously it 
had not been seen below 100 K. The results suggest high tempera- 
ture diffusion of the u* by thermally activated hops, superseded 
below 44 K by quantum tunnelling between sites. A second group 
uses 4.1 MeV ‘surface’ muons to produce muonium (u * e~) atoms 
(Mu) in gaseous targets. When impurities such as Cl}, HBr and 
©, are added the muonium precession signal shows a 
concentration-dependent quenching rate from which chemical 
reaction rate constants can be extracted, thus allowing a com- 
parison of the chemistry of Mu, H and D atoms. The third group 
has found that Mu atoms formed when muons stop in fine silica 
powder diffuse rapidly out of the grains into the vacuum (J. B. 
Warren, personal communication). This paves the way for new 
studies using silica powders as a ‘moderator gas’ for chemistry 
experiments. In the realm of particle physics this discovery will be 


Fig. 4 180° coincidence y-ray spectrum obtained using two large Nal 

detectors, showing the characteristic signatures of the stopped pion 

charge-exchange reactions 2” p — xn (wings) and n` d = m nn 
(centre-—here observed for the first time). 
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Fig. 5 Precession signals from positive muons in cobalt over a range 
of temperatures (with the muon decay folded out). The temperature 
variations in precession frequency and relaxation rate are directly 
related to variations in the relative directions of the internal dipolar 
and hyperfine magnetic fields in the cobalt, 
applied to a search for muonium—antimuonium conversion in 
vacuum, 


Basic research with protons and neutrons 


The availability of intense, variable energy, beams of protons and 
neutrons makes the study of nucleon-induced reactions an impor- 
tant aspect of the basic research programme at TRIUMF. The 
most fundamental of these reactions is of course the elastic 
scattering of one nucleon (N) by another, and this is the subject of 
a comprehensive series of measurements on beamline 4A. Because 
the force between two nucleons depends on the relative directions 
of their spins it is necessary to use either a spin-polarised beam or 
target if the spin dependence of the force is to be completely 
determined. In fact nine independent parameters are needed to 
describe N-N scaftering above the inelastic threshold at 
280 MeV, rather than the one needed for spin-zero particles. 
Initial measurements have concentrated on the Wolfenstein 
parameters describing the changes in polarisation on scattering. 
For pp scattering polarised protons were directed into a liquid 
hydrogen targét and their subsequent polarisation was measured 
using a large high-efficiency polarimeter. With the aid of a 
superconducting spin-precession solenoid the parameters P,D,R 
and R’ were determined at a number of forward angles for five 
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energies between 209 and 515 MeV. These data have greatly 
improved the accuracy to which isospin T = 1 N-N scattering is 
known at these energies!”. 

To study np scattering a polarised neutron beam was de- 
veloped, as described above, to avoid the inaccuracies inherent in 
extracting pn from pd scattering data. In the process of this work 
the polarisation transfer parameters D, R, and R; for d(p.n)2p 
were measured”. (Compare Fig. 3). Measurements of the angular 
distribution of P and D, in np scattering have been completed at a 
number of energies. The 325 MeV np data, together with the 
purely T = | pp data, has enabled a long standing ambiquity in 
the T = 0 N-N scattering to be removed!®, | 

Pion production through the (p,7* ) reaction near threshold has 


. been studied using both polarised and unpolarised proton beams 


on hydrogen, deuterium, beryllium and carbon targets. A 50 cm 
Browne~Buechner spectrograph was used to analyse pions with 
laboratory kinetic energies between 15 and 90 MeV. In the case of 
hydrogen (pp — dz*) the measurements’? for the first time give 
clear evidence of the importance of d-(as well as s- and p-) wave 
effects for pions with centre-of-mass energies from 60 MeV down 
to only 8 MeV. 

For 200 MeV protons on "Be and '*C surprisingly high peak 
asymmetries (—65 + —95%) were observed?® for pions as- 
sociated with both the ground state and groups of excited states of 
the residual nucleus; for instance, for the three states of °C at 
3.09, 3.68 and 3.85 MeV the unresolved pion asymmetry was 
— 95% at 60°. There is so far no theoretical explanation for these 
high negative values. 

The scattering and reactions of protons on light nuclei are being 
studied on line 4B. At several hundred MeV the protons in the 
beam have much higher energies and speeds than those of the 
nucleons in a nucleus, which are therefore essentially stationary 
during an interaction. Furthermore the de Broglie wavelength of 
the incoming proton is smaller than the nuclear diameter so that it 
tends to interact with single or a few neighbouring nucleons rather 
than with the nucleus as a whole. The intermediate energy region 
is therefore a good one in which to test theoretical attempts to 
predict p-nucleus scattering from p-nucleon scattering, and to 
study pairing and clustering of nucleons. Allin all the phenomena 
to be expected are rather different from those familiar at lower 
energies. 

Experimentally, p-*He scattering has been measured at both 
forward (4~14°) and backward (140-168°) angles. A surprise has 
been the high (85%) analysing power at 160° at 400 MeV. Another 
interesting polarisation effect was the observation?! of J- 
dependence in (p, 2p) cross-sections for 200 MeV polarised 
protons incident on '°O (events involving proton knockout from 
the p, ,. shell could be separated from those from the Paz shell). In 
other experiments proton quasi-free and proton-deuteron quasi- 
elastic scattering from '?C have been studied. To improve the 
analysis of reaction products a medium resolution (0.5 MeV) 
spectrometer is being commissioned on this beam line. This 
matches the present AE = 1 MeV (FWHM) energy spread of the 
primary beam and is adequate to separate reactions proceeding 
via different excited states of many nuclei. A second stage is 
planned to improve this spectrometer resolution to 0.1 MeV to 
match the beam AE of 0.1 MeV expected from separated turn 
operation of the cyclotron, 

Nuclear chemistry studies in beam line 4 concern proton- 
induced light fragment emission and proton-induced fission, For 
the identification of the fragments a 5-detector ‘fragment teles- 
cope’ has been developed which is effective up to oxygen. 
Comparing the energy distribution of fragments from Ag for 200 
to 500 MeV bombarding energies with those reported at 1 to 
5 GeV it seems that the evaporation mechanism satisfactory at 
higher energies will not explain the 200 MeV data (R. G. 
Korteling, personal communication). Studies of proton-induced 
fission have used a gas jet radioactivity transport system. A time- 
of-flight spectrometer has also been commissioned. Proton- 
induced fission of uranium and spallation of iodine have provided 
neutron-rich and neutron-deficient Sb isotopes, whose £- and y- 
ray emissions are being studied. 
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Biomedical use of negative pions 


Although the raison d'ètre of TRIUMF is research in basic 
science, an active programme is under way to explore possible 
applications of the various beams. At the moment the biggest of 
these projects is an investigation of the potentially favourable 
properties of negative pions for treating cancer, funded jointly by 
the British Columbia Cancer Foundation, ‘Health and Welfare 
Canada, and the National Cancer Institute of Canada. Compared 
with neutral X-rays and y-rays whose interactions fall off 
exponentially with depth and which therefore give their greatest 
dose near the skin, negative pions have a definite range in matter 
and give their greatest dose where they stop-—mainly because of 
the local deposition of their rest mass energy (140 MeV) in ‘pion 
stars’ on absorption in a nucleus following capture into atomic 
orbits. Pions are therefore expected to be more effective for 
treating deep-seated tumours. Furthermore, the high linear en- 
ergy transfer (LET) component of the radiation field produced by 
the pion stars decreases the oxygen enhancement ratio (OER) and 
thus reduces the inherent radioresistance of hypoxic tumour 
cells??. Clinical investigation of pion radiotherapy has had to 
await the coming into operation of intense pion beams (say 
10° z~ s7! or more); for the M8 channel at TRIUMF this would 
require a primary beam of 1004A protons. The lower currents 
which have been available so far have, nevertheless, been useful 
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for preparatory studies. They fall into three general areas: 
measurement of the clinically important properties of the pion 
beam, dosimetry of the pion beam and biological measurements 
in vitro of the relative effectiveness of pion radiation??. 

The stopping z` flux in the M8 channel has been found to peak 
for 100 MeV pions; in water these have a range of 29 cm, within 
which 50°, are lost by nuclear or electronic interactions. Sex- 
tupole magnets in the channel enable the spot size to be adjusted 
from 1.2 x 1.8 cm? to 4x 15cm? or 10 x 10 cm? while maintain- 
ing a uniform distribution. Contamination of the beam by muons 
is unimportant; electrons are dominant at low energies, but at 
100 MeV the e` /x~ ratio is only 0.18. 

Dose fields in a water phantom can be automatically scanned in 
three dimensions under computer control through a CAMAC 
interface; the computer is also used to monitor the beam position 
and magnet settings, and to collect and display the data. A 
depth--dose profile for a 90 MeV pion beam is shown in Fig. 6. For 
a wide momentum bite the width of the peak can be increased to 
about 8 cm H,O. The best available beam tune provides about 
20 rad h“! pA! protons over a volume of 3 x 3 x 5 cm in the 
stopping region. For measuring the RBE and OER factors in cell 
survival experiments, a gel suspension technique has been de- 
veloped?* which avoids the mixing problems of fluid media. 

Measurements in vitro of cell survival, using this technique, 
were begun in 1976 when the proton current was raised to 5 and 
then 10 yA. The results of irradiating Chinese hamster cells 
(CH2B,) with peak doses of 1.8, 3.6 and 5.4 Grays are shown in 
Fig. 6. From these preliminary measurements it seems that the 
biological properties of pion radiation differ little from those 
predicted. Measurements on biological systems in vivo have begun 
and clinical investigations will start approximately six months 
after the current ts raised to 100 uA. 


Applied research with protons 


Three possible applications of proton beams are under study at 
present. Two of these—proton radiography and radioisotope 
production-——are of medical interest; the third concerns the 
electromagnetic breeding of nuclear fuel. 

The use of protons for radiography depends on their well 
defined range in matter. A detector placed near the end of the 
range of a monoenergetic proton beam will see large changes in 
intensity for only small changes in the thickness or density of the 
material traversed. For 200 MeV protons the enhancement factor 
can be as high as 50. A promising application for this ‘marginal 
range radiography’ is in the localisation of small tumours in soft 
human tissue, particularly as the dose would be relatively low. 
With a view to such applications preliminary experiments have 
been started at TRIUMF using a 200 MeV proton beam col- 
limated down to 2mm diameter (E. W. Blackmore, personal 
communication). The pencil beam is scanned in a raster fashion 
across the target using steering magnets under computer control. 
The protons transmitted may be detected on film or in a range 
telescope consisting of four thin plastic scintillators. Initial tests 
have been encouraging, showing, for example, that 0.25 mm steps 
in aluminium or perspex can readily be resolved. Work is now 
proceeding towards the development of a system capable of 
scanning over a 10 x 10 cm? area in 10s for a total dose of less 
than 100 mrem. | | 

Work on radioisotope production has concentrated on the 
development of a viable technique for producing ‘I (J. S. 
Vincent, personal communication). This is a highly desirable 
isotope for diagnostic nuclear medicine because its decay by 
electron capture enables it to deliver a specific dose only 1% of 
that from the conventional, B-emitting '*'I. 480 MeV protons are 
allowed to bombard a caesium heat pipe target producing xenon 
isotopes (among others) by spallation reactions; the caesium is 
heated above its melting point, freezing the xenon atoms 
which are then floated 18 m in a helium jet to a liquid nitrogen 
trap. After three '?*Xe half-lives the trap is warmed {o remove 
long-lived Xe isotopes: a further delay clears '*'I, when the 
remaining iodine is distilled off from the daughter isotopes. The 
only significant contaminant is '*°I, present at the 0.3% level at 
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the end of bombardment. Unfortunately, this gives a specific dose 
only a little less than '*'1, and it is much longer lived (59 d) than 
1231 (13 h). It is computed to double the dose from '741 (that is, 
from 1° to 2° of that from '7'1) in 28 h. 

With the cooperation of Vancouver General Hospital 5 mCi of 
123] produced in this way was used for a whole-body search for a 
metastatic thyroid tumour in a patient; the resolution was found 
to be superior to that from an ''I scan. It is now proposed to 
build a pilot plant for the regular production of 300 mCi 
123] per week. 

The third proton application under study is the electromagnetic 
breeding of nuclear fuel. Under contract to Atomic Energy of 
Canada Ltd, an experimental programme has begun to study the 
conversion of ‘fertile’ *°°U and ***Th to fissile 7°°?Pu and 737U 
respectively under proton bombardment. The high energy pro- 
tons serve to produce an intense flux of spallation and evap- 
oration neutrons; the conversion then proceeds through radiative 
neutron capture and two f-decays. The first step in this study 
(I. M. Thorson, personal communication) has been to measure 
the neutron flux produced when 350 and 450 MeV protons are 
stopped in small (2.5 to 4.0cm diameter) cylinders of uranium 
and thorium. For this purpose the target is surrounded by a 1.8 m 
diameter water tank in which the thermal neutron flux distri- 
bution 1s measured. The total neutron capture rate in the water 
can then be estimated and the appropriate correction applied to 


Nature Vol. 270 22/29 December 1977 


the integrated flux. The next step will be to determine the fertile- 
to-fissile conversion rates by measuring characteristic y-rays 
emitted in the decay steps. These measurements will begin this 
autumn. 

We thank all our colleagues at TRIUMF and the participating 


`- universities whose work we have had the privilege of reporting. 
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There is evidence that the Moon melted completely 4,400 
Myr ago, and between 4,000 Myr and 3,200 Myr ago had 
an internal magnetic field. But gravity could not have 
provided the heat of melting, and it must have come from 
short lived radioelements. Theory suggests the transuranics 
with atomic numbers between 114 and 126 may be relatively 
stable, and it is shown that these ‘superheavy elements’ fit 
the requirements of the early heat source in the moon. 





THERE is widespread evidence for primaeval melting and differen- 
tiation processes in the Solar System, for example, iron and 
some stony meteorites have melted. The Earth has an iron 
core which, from evidence of its past magnetic field, is at least 
2,000-Myr-old, and has had a sialic (Si~Al) crust since 3,600 
Myr ago. While geochemistry suggests that the core formation 
and differentiation occurred very quickly, in 100 Myr, after 
the earth’ accretion, the arguments are inconclusive. Melting 
produced extensive lava flows, generated at depth on Mars, 
Mercury and Venus. Some crustal deformation and core 


differentiation must have occurred, as small present-day 
magnetic fields are present. The asteroid Vesta also has a 
melted surface. But, except for certain meteorites, the dates of 
these meltings and the completeness of the differentiation are 
uncertain so it could be argued that the differentiations of the 
terrestrial planets could have been due to heating long after 
accretion had been completed. Nevertheless, the ubiquity of 
melting in the solar system is of great significance. 

With large bodies like the Earth and Venus, it is possible 
that the final stages of accretion release gravitational energy 
which, if trapped as heat, is enough to melt the body provided 
that the heat is retained, and not radiated to space, by opaque 
dust clouds around the accreting objects'. Moreover, if melting 
did not take place during accretion, and the planet so formed 
was uniform in composition, the subsequent core formation 
would release comparable energy; in the case of Earth about 
twice as much as that released in its history from U, Th, and 
K radioactivity*. If the formation of the core were rapid, this 
energy would be adequate to heat Earth to its melting point and 
cause complete differentiation, although heat would be trans- 
ported away by solid-state convection. 


im 
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Other mechanisms of generating heat have been suggested; 
but as records of planetary melting and differentiation are 
fragmentary, evidence to decide between them does not exist. 
For example, Sonnett ef al.? suggested that in an early T- 
Tauri phase of the Sun, intense solar wind magnetic fields 
could have heated the planets by induction. As their ferro- 
magnetic silicates are semi-conductors, the induced currents 
would cause their electrical conductivity to increase rapidly; 
thus considerable magnetic energy could be deposited in a 
planet. Such electromagnetic heating seems particularly 
applicable to melting meteorites, for induction by poloidal 
magnetic fields is limited by the skin effect to small depth. But 
heating of stony meteorites would have driven out xenon, 
and as xenon? is still present there is a problem with this 
theory. 

Therefore, although Earth has had, and other terrestrial 
planets may have had, for much of their histories molten cores 
and solid but slowly convecting mantles, their early thermal 
histories remain obscure. In contrast, we know a great deal 
about the first 1,000 Myr of the Moon’s evolution’. The Apollo 
Moon landings have shown that a differentiation took place 
4,400 Myr ago, producing the anorthositic highlands and the 
source region of the mare basalts*. They have shown that the 
moon’s iron core was molten until at least 1,300 Myr had 
elapsed’, and that it must have an internal heat source sufficient 
to generate a lunar magnetic field. This dynamo field inferred 
from the palaeomagnetism of the crystalline rocks disappeared 
after 3,200 Myr, either because the core solidified or because 
the heat sources became inadequate to sustain dynamo action”. 

We can, therefore, speculate on the primaeval sources of 
heat, which melted the moon in its first few 100 Myr to form its 
differentiated crust and iron core. We will show that for an 
object the size of the Moon the gravitational energy released in 
accretion and from known radioactive elements is insufficient. 
There have been predictions that relatively stable superheavy 
elements exist: if so, they might have been an important heat 
source in the early solar system. If evidence for their existence 
were to be found, the chemistry of the Moon, planets and 
cosmos will have to be re-examined. 

The giant pleochroic haloes found in terrestrial micas’ 
have diameters of 150 to 200 um; if due to the emission of a 
particles this range implies energies up to 14 MeV, much more 
energetic than those from any known natural a-emitting 
nuclei. Gentry’s!® explanation for this was that the rare earth 
inclusions within the haloes must have contained superheavy 
nuclei of which some fraction still exists. These monazite in- 
clusions were bombarded by a proton beam and it was claimed” 
that among the X-ray lines excited, were those calculated for 
elements with Z = 114, 116, 124, 125, 126 and 127. Other 
experiments which have followed have all been negative’? ~, 
although only two of them, those at Stanford and Harwell’, 
have used monazite crystals which were taken from giant 
haloes. It is argued that these later experiments fall short of 
the required sensitivity due to inhomogeneous distribution of 
superheavy elements'®. An alternative explanation of the 
pleochroic haloes has been proposed!’: radioactive nuclei of 
Z~ 92 emitting low energy a particles which, striking water 
molecules trapped in the mica or in the inclusions produce 
knock-on protons of great enough ranges to account for the 
discoloured spheres. To support this hypothesis von Wim- 
mersperg and Sellschop?” assume that the inclusion contained a 
homogeneous mixture of monazite and water. We consider that 
mica could not contain enough water close enough to the 
inclusions to explain the spherical haloes. Furthermore, in his 
account of the phenomena of these giant haloes, Gentry’® 
shows photographs of micas in which giant haloes and normal 
haloes due to U decay exist side by side about 100 jim apart. 

A second kind of evidence for the existence of superheavy 
nuclei is reported by G. N. Flerov!*, who has studied spontaneous 
fission in meteorites and measured the number of neutrons 
emitted in each such fission. He found that the average num- 
ber of neutrons per fission lies between 4 and 10, with 95% 
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confidence. This may be compared with < 3 for the known 
spontaneously fissioning elements. Thus it seems that the 
number of neutrons per spontaneous fission for nuclei in 
meteorites is much greater than for any known nucleus. The 
number of neutrons per spontaneous fission increases with 
mass, suggesting that superheavy nuclei are responsible. 

A third kind of evidence suggests that the existence of super- 
heavy elements explains the anomalous abundances of iso- 
topes of xenon in carbonaceous chondrites which have a 
pattern inconsistent with yields from fission of U, Pu, Cm, and 
Cpls 20 


Molten Moon and lunar magnetic field 


We now develop our view that the moon is crucial for under- 
standing early melting processes because its primaeval history 
has been preserved. Urey! presented convincing arguments that 
the Moon was formed by accretion, recognising that it was 
probably too small to have been melted by gravitational energy, 
and argued that it had remained undifferentiated and was 
therefore a key to the origin of the solar system. This insight 
is still fundamentally valid, even though fragments of anor- 
thosite found in the Apollo sampling of the regolith, and 
identified as originating in the highlands showed that the moon 
had differentiated early to form a highland shell of anorthosite 
gabbroic composition®'. Geochemists?* then calculated that 
only the top few hundred kilometres of the primitive Moon 
had to be melted to provide the observed thickness of this shell, 
and unlike the earth this differentiation could be securely dated; 
it occurred 150 Myr after the origin of the Moon. So, in the 
absence of conclusive evidence of the cause of melting, it 
seems reasonable to suggest, despite the uncertainties, that the 
cause was the last gravitational energy released when the Moon 
began to assume its present size®. 

It has been widely assumed that the velocity of the incoming 
material would equal the escape velocity. For the Moon today, 
this is 2.3 km s~, so that the 2.8 x 10° Jg ~ of material accreted 
would have been the energy released in the final stages of the 
moon’s formation. As the energy required for melting silicates 
from 0 K is only 2x 10? Jg~, it has been accepted that this 
energy, if none were lost, could have been effective in melting 
the outer part of the Moon. 

There are also strong arguments suggesting that the Moon 
melted to the centre a few hundred Myr after its origin. The 
mare basalts have crystallisation ages between 3,200 and 3,900 
Myr, but their Pb-Pb model ages are about 4,400 Myr 
(ref. 22). Rb-Sr systematics?” and samarium—neodymium 
decay" give similar model ages which are interpreted in terms of 
a closed-system melting. The original differentiation, providing 
the source material of the lunar basalts, occurred about 4.4 x 
10! Myr ago and later this melted again to provide the magma 
which filled the maria between 3.9 x 10° and 3.2 x 10° Myr ago. 
The closed-system melting leads to a geophysical model which 
has three shells: an outer anorthosite shell over a basalt-rich 
shell, below which is the olivine or pyroxinite mantle**-?? 
surrounding the core. The variations of electrical conductivity 
with depth, the seismic data?*, and the moment of inertia® 





Table 1 Isotope heating and melting of the Moon 


Assu mptions: 
1. Cp = 0.20 cal gE °C 


. Potassium abundance = 0.1°¢ 
. ®K abundance 4,600 Myr ago = 0.151% 
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Initial heat rate = 3.94 x 107 cal g yr 
Compute time to melt, z: 
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455 = 3194 x 107-7 f exp (—0.693 #/1.25 10°) de 
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where ¢ = 1,800 Myr 
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Table 2 Other radio-isotopes, half lives, and effectiveness 


Estimated Initial Abundance Half life 
Radio isotope (No. of atoms per g of MgSiO,) (Myr) 

aul | 3 x 104 17 
"Pu 0.2 x 101 76 

233A] 1.5 x 10% 0.74 

“Fe 6 x 10” 0.3 

noel 2 x 10" 4.5 x I 
hi S 2 x 10" 0.72 x 108 
10K 2.3 x 10% 1.25 x 10° 


Absorbable* disintegration energy 
(MeV) 


Effectivenesst relative to ®K 


0.075 0.09 
15 0.26 
1.6 2.2 x 108 
3 4.0 x 10 
48.3 0.96 
43.3 

0.8 i 


Thus after 10 Myr, Fe is negligible and *Al is down to the “°K level. 


* Neutrinos escape. 
+ Initial heating rate relative to °K. 


are all indicative of, or consistent with, the existence of a 
basalt-rich shell, the source of the mare lavas. Thus the moon 
must have melted to a much greater depth to have produced 
this differentiation than it would have if the differentiated shell 
were only anorthosite rock (Ca Al, SiO, plus other low-melting 
substances) which is only 60 km thick on the near side of the 
Moon. 

The strongest evidence for a completely molten early moon 
is provided by the lunar gravitational and magnetic data. 
It used to be generally accepted that there was no iron core in 
the moon; its mean density, 3.34, is that of olivine. The existence 
of an iron core was first suggested in a theory of the non- 
hydrostatic shape of the moon, proposing that it is dynamically 
maintained by its finite strength®*. The two-cell pattern of con- 
vection necessary to explain the shape seems compatible only 
with the existence of a core radius between 0.1 and 0.3° of the 
lunar radius**. More recently, evidence for the existence of an 
iron core has come from the extensive remanent magnetism 
found in the lunar surface rocks. Most of the samples of basalt 
and high-grade breccia possess a stable, natural remanent 
magnetism, and the magnetic anomalies mapped*' by orbiting 
satellites are consistent with the laboratory findings. The 
directions of the magnetisation of the lunar crust must be such 
that no dipole field outside the moon exists, for an exceedingly 
small limit to this has recently been set by the Apollo 15 and 16 
subsatellite magnetometer measurements**. This fact can be 
interpreted on the theory that the lunar shell was magnetised 
by an internal field??, Although other explanations for an 
internal field have been suggested, the dynamo mechanism in 
which fluid motions in a liquid iron core are responsible 
seems to be the only tenable one. Three lines of evidence, none 
as yet conclusive, are compatible with an iron core of 400--500 
km radius existing in the moon. This data suggesting a con- 
ducting or dense core is obtained from electromagnetic induc- 
tion’, from seismology’, and from the moment of inertia 
factor”, respectively. Tozer?! has rediscussed the accretion 
process and concludes that gravitational energy can be released 
in the deep interior by shock waves from impacts of 
accreting material. The argument concerning this energy 
source has assumed that the accreting material falls to the 
growing moon from infinite distance. Instead, Ransford?” 
has set up realistic models in which the moon accretes from 
material orbiting around the Sun at about 1 AU and from 
material thrown into it from other parts of the solar nebula by 
perturbations. He concludes, using experimental data on the 
effectiveness of impacts of convection of less kinetic energy 
into heat during impacts, that only a fraction of the outer 
50 km of the moon would have melted through gravitational 
energy. 

The magnetic maps of the far side of the moon show large 
anomalies over the deep basins; thus it seems likely that parts 
of the anorthosite highland shell have magnetisations greater 
by an order of magnitude than those of the mare basaltic 
flows**. This suggests that the lunar magnetic field was present 
a few hundred Myr after the lunar origin and existed until 
at least 3,200 Myr ago, after which, at an unknown time, the 


dynamo action ceased. Recent studies? of the palaeointensity 
of this field suggest that it was about 1 G at 4,000 Myr ago 
and had diminished to about 0.03 G at 3,200 Myr ago. 

Thermodynamic arguments on the heat required to maintain 
a dynamo generating such a strong field from such a small 
core show that more powerful heat sources were present than 
those which could have been due to U, Th, and K, assuming 
their concentrations to be the same as in the chondritic meteo- 
rites. The energy to maintain a molten core and drive the 
palaeodynamo had to be supplied quickly or else solid state 
creep in the silicate mantle rather than conduction would have 
been the dominant thermal transport process and would have 
prevented the internal temperature from reaching the melting 
point®. The convecting core is a heat engine in which the 
‘useful’ work done is the Joule heat dissipated by the electric 
currents in it. The efficiency of this dynamo cannot be greater 
than the fractional difference between the temperature at the 
centre and outside of the core multiplied by a factor equal to 
2/5 for a uniformly distributed heat source*!. From the adiabatic 
gradient in the core, this efficiency can be calculated, it is 0.016. 
A minimum value for the heat dissipated by toroidal currents 
to give the palaeofield can be estimated, it is 4.8 x10° W at 
4,000 Myr ago (near that in the Earth today*?). Assuming, as a 
minimum, that the Joule heat dissipated in generating the 
toroidal field is twice that given above, the minimum heat 
generated in the core 4,000 Myr ago was 1012 W43, 


Radio-elements and speculative transuranics 
Table 1 gives the time of melting the Moon from *K, assuming 
no heat loss and 0.1% abundance. Other radio-isotopes, their 


Fig. 1 Barrier penetration Factor B against a-particle energy in 
MeV. 
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Table 3 Quantum numbers of the heavier elements 


n 4+ Í n l Element or Z 
8 5 3 Ac, Th, Pa, U, Np, Pu, Am, Cm, 
Bk, Cf, Ei, Fm, Md. 102 
6 2 (103), (104), (105), (106), (107), 
(108), (109), (110), (111), (112) 
7 I 
8 0 (119), (120) 
9 5 4 (121), (122), (123), (124), (125), 


(126), (127), (128), (129), (130), 
(136), (137), (138) 


Likely chemistry* 


} { Actinides, similar to the lanthanum group 
} { Similar to hafnium through mercury 


Sth} (114), (115), (116), (117), } { Similar to thallium through radon element 114 should be similar to lead 


119 should be an alkali metal and 120 an alkaline earth 


(131), (132), (133), (134), (135), Similar to actinium and lanthanum 


* Elements which should be soluble in iron are Z = 108, 109, 110, and possibly Z = 114, 115, 116. 


half lives, and their effectiveness relative to “K are listed in 
Table 2. We conclude that radio-element heating in the Moon 
by “K, Al and 2U was sufficient to melt the Moon 
and thus produce a molten core, but on a time scale an order of 
magnitude too long, also none of these elements are soluble in 
iron and so cannot power a dynamo. The heat contribution 
from the short-lived (0.3 Myr) Fe (ref. 44) was 50% complete 
in the first 0.3 Myr and was sufficient to melt the core if the 
Moon had formed early enough“, and the same applies to 
26A1, evidence for the existence of which in the early solar system 
has recently been discovered**. But most dynamic calculations” 
show that the time of formation of lunar sized objects by 
accretion from the solar nebula is about 100 Myr and it is 
probable that a similar time elapsed between the end of 
nucleogenesis and the formation of the nebula by contraction 
from an interstellar dust cloud*’. *#4Pu might be the source if 
its abundance were substantially higher than the estimate made 
here**, but it too is not soluble in iron. 

Next we turn our attention to potential heating by the 
transuranics. Supposing elements of 114<Z<127 exist, what 
would be their chemical properties? These are indicated in 
Table 3, bearing in mind that no one has yet examined experi- 
mentally the chemistry of the elements filling the g valence 
electrons. The assignment of the transuranics to an order of 
filling of the s, p, d, f, and g electron shells (Table 3) allows us 
to predict that the elements which should be soluble in the iron 
core of the planets and moons have Z = 108, 109, 110, and 


Fig. 3 Relation between 
half life for a emission 
and a-particle energy, 
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Fig. 2 Energy of a emission against atomic number A. 


possibly 114, 115, and 116. If any of these have lifetimes 
sufficiently long, then we may have found a heat source soluble 
in iron which might, therefore, be important for producing 
an early magnetic field. 

What can be said about the stability of elements 1142 < 128 
against a-particle emission? Straight forward application of 
the Gamow—Gurney—Condon theory of a emission by quantum 
mechanical tunnelling yields the systematics for the barrier 
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penetration factor B shown in Fig. 1 (adapted from ref, 50). 
The lifetime of Z ~ 114, for example, must be at least 1,000 Myr. 
Assuming the a-particle velocity to be ~10°cm s~ inside a 
nucleus of diameter ~10~!2 cm, the number of collisions 
against the Coulomb barrier is ~ 10?!4s~1, so to obtain a lifetime 
of ~ 1,000 Myr requires a barrier factor of, B = (10" « 3 x 10°) 
(107!) = 3 x 10%, 

According to Fig. |, for B = 3x 1037 and Z~ 114, the a- 
particle energy must not exceed about 5.7 MeV. Then the giant 
haloes, of diameters indicating a energies up to 14 MeV, must 
have been caused by a decay of the daughters of the trans- 


Fig. 5 Relation between total half life and A. 
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uranics still existing, but not by the elements of 102-103 Myr 
lifetimes themselves. 

Let us consider the a-particle systematics of the known 
transuranics. The known a-particle energies are plotted against 
A in Fig. 2 (adapted from ref. 51). For elements 90~ Z~ 100, 
the trend is for increasing a energy with increasing Z, with an 
indicated a energy of 11-12 MeV for element 11284. Therefore, 
the trend is for even shorter lifetimes with increasing Z as 
shown in Fig. 3 (ref. 51). The same is true of decay by spon- 
taneous fission, see Fig. 4 (refs 51 and 52). How could the 
theoreticians®*~5> reverse these trends and so account for 
lifetimes of ~ 107-10° Myr by a decay? They must keep the 
a energy below 5.7 MeV. The a energy is given by (for example, 
element '4284) the following expression for conservation of 
energy. 


If a theoretical method can be devised to decrease the mass of 
the parent and increase the mass of the daughter nucleus, then 
E can be decreased below the required limit of 5.7 MeV. In 
practice, energies of nuclear cores are computed for shapes 
varying from spherical through a sequence of prolate and hour- 
glass deformations. For each shape there is a corresponding 
nuclear potential from which single particle wave functions and 
their energies are evaluated using the Schrödinger equation. The 
sum of the core energy and the energies for the single particle 
wave functions give MCA). By using nuclear potentials giving 
small values of M(?A)--M(@~2A~—4), the theoreticians®3 5 
have been able to keep a energies below 5.7 MeV and thereby 
account for lifetimes as long as 1,000 Myr against a decay. In 
the same ad hoc way, prolate and hour-glass potentials for 
the ground state account for sufficiently long lifetimes against 
decay by spontaneous fission®?~**, The trends of lifetime 
obtained by this kind of postulation are shown against neutron 
number and mass (see ref. 22). 


In short, the Moon could be melted by YK and U in the first 
2,000 Myr, but iron soluble heat sources seem to require the 
long-lived transuranics. Fe could melt the Moon only if it 
assembled very early in less than 20 Myr and could not generate 
the magnetic field. We estimate that about 10-107 J g~t yra 
are required to keep the dynamo going, This would extend the 
effectiveness of Fe to about 8.3 Myr. Ray and Kohman* 
estimates a factor of uncertainty of 3 in the ®Fe half life. So 
this number might be as long as 25 Myr, far short of the 
required time. 


Conclusion 


There is an acute problem in obtaining, using conventional 
ideas, strong enough heat sources to melt the Moon 4,400 Myr 
ago and to generate its magnetic field in an iron core. We 
conclude that long-lived radioactive isotopes were present in 
the early Moon, although of their existence there is as yet little 
evidence. We consider that the elements of the ‘island of 
stability’ could have melted the early Moon and, as they may be 
soluble in iron, in driving the core dynamo. Ifo they must have 
half lives of 100-1,000 Myr. If they exist, many aspects of the 
origin of the solar system will require rethinking. 

That these fundamental questions have emerged in the study 
of the Moon shows the key importance of the primaeval record 
that it has retained in its crust, which is much more complete 
than in any other planet, and also of the returned samples from 
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the Apollo and Luna missions have made possible radioactive 
age determinations and palaeomagnetic studies. This work 
reinforces the case for further fundamental studies of the 
Moon’. 
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Six clinopyroxene-almandine granulite facies xenoliths have 
been analysed for major, trace and rare earth elements. Pre- 
liminary microprobe analyses suggest an origin near the base 
of the crust at temperatures of 660-830 °C and pressures 
> 9 kbar. Major element analyses indicate minimal chemi- 
cal variation from a basaltic composition while the trace and 
rare earth element variation may be attributed to either 
magmatic or metasomatic activity. 
O 
INFORMATION about the composition of the upper mantle has 
been obtained from studies of ultra-basic xenoliths brought up 
by kimberlites. In contrast, relatively little work has been 
carried out on the crustal xenoliths, particularly in defining 
deep seated varieties. The crustal xenolith suite in Lesotho 
kimberlites includes sediments and regional metamorphic 
rocks, comparable with those exposed in basement complexes , 
as well as basic garnet clinopyroxene granulites rarely seen in 
the basement. The granulite xenoliths are thought to represent 
fragments of the deep crust on account of their high meta- 
morphic grade and their ubiquitous though sparse occurrence 
in Lesotho kimberlites, and diatremes elsewhere, for example, 
Uganda (von Knorring and du Bois’). This report describes 
a preliminary investigation into the chemistry of six such 
granulite xenoliths from Lesotho and comments on the bearing 
of these results on the evolution of the lower crust, The xeno- 
liiths are from the kimberlites at Matsoku (PHN 1646, 2852 
and OVKF10303), Mothae (PHNI919) and Lighobong 
(PHN2588). 


Petrography 

The xenoliths possess a distinctive equigranular, grano- 
blastic texture and a limited mineralogy of clinopyroxene, gar- 
net, plagioclase with accessory rutile and mica. The proportions 
of the minerals vary between samples but are generally in the 
range of 20-40%; each of garnet and clinopyroxene with 
plagioclase constituting most of the remainder. Optical examin- 
ation and preliminary microprobe analyses have shown the 
clinopyroxene to be a jadeitic diopside and the garnet a member 
of the pyrope-almandine series. Dark green kelphytic rims 
around the garnets can attain thicknesses of up to 0.5 mm but 
are not as regularly developed as those surrounding garnets in 
ultra-basic xenoliths. 

Rutile is the most abundant accessory mineral occurring as 
discrete grains randomly scattered throughout the rock, Mica, 
when present, is invariably in the process of decomposition to 
iron ore set in an aphanitic matrix. Its optical properties 
suggest that it is an iron rich biotite. 

Petrographically, the xenoliths are members of the clino- 
pyroxene-almandine granulite sub-facies? or high pressure 
granulite facies*, although the clinopyroxene and garnet com- 
positions do possess some eclogitic affinities. Thus the assemb- 
lages must have crystallised under conditions of high tempera- 
ture and high confining pressure. 


Conditions of xenolith equilibration 


As clinopyroxene and garnet are the only ferromagnesian 
minerals present in the xenoliths, the temperature of crystal- 
lisation can be estimated by the application of the geother- 
mometer of Raheim and Green’. This is based on the partition 
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of magnesium and iron between coexisting garnet and clino- 
pyroxene expressed as a distribution coefficient, Ka. Values of 
Ka for five mineral pairs have been calculated from preliminary 
microprobe analyses, after an empirical correction for ferric 
iron’. The Ky values fall in the range 3.8-6.5, the isopleths 
corresponding to these two limiting values are shown in Fig. 1. 

The pressure of equilibrium is more difficult to define, the 
sodium analysis of the pyroxenes is not precise enough to allow 
the calculation of the molecular proportion of the jadeite end 
member, previously used as a barometer®. Experiments by 
Irving’ on pyroxenite and granulite xenoliths of similar compo- 
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sition allows the definition of approximate pressure limits by 
extrapolating the observed phase boundaries to the tem peratures 
derived from the K, values of the Lesotho xenoliths. It should 
be emphasised that the pressure estimates are approximations 
due to the necessarily large extrapolation of the phase boundary 
from the original data. The experimental runs on a two- pyroxene 
granulite defined the boundary above which orthopyroxene is 
unstable, reacting with plagioclase to form garnet and clino- 
pyroxene. By linear extrapolation, this boundary can be used to 
define the lower limit of equilibration of the Lesotho xenoliths, 
the latter being of similar composition to the xenolith studied 
experimentally (see Table 1). The upper pressure limit can only 
be roughly estimated, as the boundary above which plagioclase 
is unstable was not defined. Irving’s results did, however, reveal 
a gradual decrease in modal plagioclase with increasing pressure. 
Although this effect cannot be extrapolated quantitatively to 
lower temperatures, it seems likely that the same phenomenon 
would occur in the less extreme conditions. As the Lesotho 
xenoliths contain relatively high modal abundances of plagioclase 
(20-40%), it is probable that they equilibrated at pressures not 
greatly in excess of the mimimum pressure defined above. 

By application of these constraints, it can be seen (Fig. 1) 
that the xenoliths probably equilibrated at pressure of 9~ ~ 13 
kbar at temperatures of 660 °-830 °C. The pressure estimates 
agree well with those expected at the base of the crust from 
seismic investigations (22-36 km)*. These figures are for the 
East Transvaal, there being no corresponding figures for Leso- 
tho. The temperature estimates, however, range to high values 
compared with those expected for cratonic regions. This may be 
a true reflection of lower crustal conditions or a result of 
analytical error in the determination of sodium in the pyro- 
xenes, affecting the calculated Fe(11)/Fe(u) ratio and, con- 
sequently, the Ka value. 

It is of interest that two-pyroxene, garnet granulite xenoliths 
of similar bulk composition to the orthopyroxene free varieties 
have been found in Lesotho kimberlites®. According to ex- 
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Table 1 Major and trace element analyses of seven xenoliths 


PHN 1646 PHN1919 PHN2852 
SiO, 45.59% 45.26% | 47.05% 
TiO, 1.64 1.15 1.01 
AlO, 14.40 16.42 17.88 
Fe,0, 14.25 11.53 1.47 
FeO 7,71 
MnO 0.21 0.18 0.16 
MzO 9.78 9.86 7.52 
CaO 11.55 8.23 9.59 
NaO 1.65 4.99 3.85 
KO 0.88 0.40 0.93 
P.O; 0.21 0.10 0.19 
Total 100.14 98.12 99.96T 
Ba 3,800 p.p.m $20 p.p.m 1,800 p.p.m 
Hf 3.4 0.8 0.7 
Nb 13 4 5 
Rb 25 14 12 
Sr 1,050 195 860 
Ta 0.7 0.1 0.1 
Y 27 13 7 
Zr 103 26 24 
Ce 36.7 13.8 7.0 
Nd 23.6 8.1 6.2 
Sm 5.6 2.3 1.6 
Eu 1.9 1.2 1.2 
Gd 6.6 2.4 _ 
Tb Lp 0.4 0,3 
Tm 0.4 0.2 — 
Yb 3.0 1.3 0.9 
Lu 0.5 0.2 0.2 
K/Rb 292 237 650 
Ba/Sr 3.6 231 2.1 


OVKF10303 PHN2588 PHN2533 R698 
49.25% 51.24% 50.39% 49.76% 
0.35 0.54 0.70 0.69 
17.44 16.69 15.14 16.83 
9.62 10.58 12.16 1.86 
7.09 
0.15 0.18 0.18 0.17 
10.26 8.60 7.02 8.25 
11.11 8.47 9.05 11.07 
1.86 2.86 3.47 2.78 
0.72 1.50 2.08 0.32 
0.05 0.05 0.08 0.08 
100.82 100.70 100.27 100.14} 
500 p.p.m 1,700 p.p.m. 3,700 p.p.m 
4 2 4 
8 23 31 
1,250 625 700 
5 4 10 
20 21 13 
3.9 — ND 
2.8 — ND 
0.8 0.6 ND 
0.6 0.7 ND 
— == ND 
0.2 0.1 ND 
0.2 0.1 ND 
0.8 0.7 ND 
0.2 0.1 ND 
747 541 557 
0.4 2.7 5.3 
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Major and trace element whole rock analyses of garnet pryoxene granulite xenoliths from Lesotho Kimberlites. R698, a two pyroxene granulite 
from Delegate is included for comparison. ND, not determined; —, not detected. 


*Total iron as FeO, (unless FeO is listed). 


tIncludes H,O? 2.36%, H,O- 0.24%. Analysis by O. von Knorring and D. T. Richardson. 


fIncludes H,O* 1.10%, H,O~ 0.14% from ref. 8. 
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periment, these xenoliths probably equilibrated at lower 
pressures than the orthopyroxene-free granulites, thus support- 
ing the conclusion that the latter type are derived from near the 
base of the crust. 


Major and trace element geochemistry 


The major element analyses of six xenoliths are given in Table I 
together with trace and rare earth element (REE) data. Also 
included is an analysis of R698, the two pyroxene granulite 
used in the experiment’. The REE, Ta and Hf were determined 
by instrumental neutron activation techniques, similar to those 
described by Gordon et al; the remaining trace elements and 
the major elements were analysed by X-ray flourescence. 

A notable feature of the major element analyses is their 
restricted basaltic range, which in terms of alkali and alumina 
content, is comparable with high alumina and alkali basalts of 
island arc regimes!!. The alkaline nature of the xenoliths is 
a reflection of their high sodium rather than their high potas- 
sium contents, although the latter is not particularly depleted. 
The basaltic composition might suggest that the xenoliths 
represent pockets of magma that were trapped and solidified at 
lower crustal depths during a previous magmatic event; an 
origin that has been suggested for similar xenoliths elsewhere 
(as at Delegate’). The predominantly tholeiitic nature of earlier 
South African magmatism, however, suggests that this is 
unlikely as it is difficult to envisage how trapped tholeiitic 
magma could develop an alkaline and aluminous chemistry. 

The narrow basaltic range of the analyses is in marked con- 
trast to the wide compositional variation of granulites of meta- 
morphic terrain'*. This could be a true reflection of lower 
crustal chemistry or an artefact caused by the selection of a 
narrow range of xenolith type. The xenoliths were selected on 
the basis of texture and mineralogy and no silicic varieties were 
included as they were not of comparable metamorphic grade. 
Also the xenoliths are not particularly depleted in K,O, a 
common feature of granulites of metamorphic terrain’®~™. 

The limited major element variation also contrasts with the 
results of the trace and REE analyses, the latter showing 
considerable and significant variation between xenoliths. The 
chondrite normalised abundance diagram (Fig. 2) reveals a 
variation from xenoliths with light REE enriched patterns and 
no Eu anomaly (PHN 1646) to those with flatter REE patterns 
and positive Eu anomalies. One xenolith PHN2588, is thought to 
possess a light REE depleted pattern as Ce and Nd were not de- 
tected. The REE patterns do not particularly resemble those 
previously observed in other high grade metamorphic rocks 
(for example, ref. 16). The incompatible elements, Nb, Zr, Hf 
and Ta, vary comparably with the light REE, being most 
abundant in PHN1646, less abundant in the intermediate xeno- 
liths and present in undetected amounts in PHN2588. This 
coherent behaviour of many of the trace elements is only 
slightly reflected in the small major element variation, such as 
PHN1646, the xenolith most enriched in the light REE, has a 
higher TiO,, total iron (as Fe,.O,), MnO and CaO and a lower 
Al,O, content than the other xenoliths. With so few analyses, 
however, it is difficult to assess the significance of this variation. 

Before considering the significance of the trace element 
variation further, it is important to assess the possibility of 
contamination of the xenoliths by the host kimberlites. Despite 
stringent precautions taken during sample preparation to avoid 
inclusion of any carbonated material a comparison of trace 
element abundances in kimberlite and the xenoliths reveals 
that selective contamination may have taken place. 

Four of the xenoliths possess high K/Rb ratios, in the range 
540-747, and are much higher than usual values for kimber- 
lite (about 200)”. ‘Such a large difference, together with the 
grouping of the xenolith values despite the variation in the 
absolute abundances of the two elements in the xenolith suite, 
suggests minimal contamination. 

The effect of the kimberlite on the REE abundances of the 
xenoliths is thought to be minimal as the former rarely exhibit 
Eu anomalies, a common feature of the xenoliths. If the ob- 
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served REE variation was a result of contamination of uniform- 
ly depleted xenoliths, then it would be expected that the positive 
Eu anomaly should persist even in the sample most enriched with 
light REE. As this is not the case, PHN1646 showing no Eu 
anomaly, it seems unlikely that significant REE contamination 
has occurred. Similarly, as the other incompatible elements 
vary coherently with the REE, a lack of significant contamina- 
tion can be inferred. 

In contrast to these conclusions, the concentrations of Ba 
and Sr and the value of the Ba/Sr ratio each vary over an order 
of magnitude (see Table 1), generally corresponding to the 
kimberlite averages of 1,000 p.p.m., 700 p.p.m. and about 
1.4 respectively. Also, the two elements behave in a way that 
is not comparable with the other trace elements. This ap- 
parently anomalous variation could be the result of contamina- 
tion, the elements possibly having been mobilised during 
eruption by the volatile rich kimberlite. 

The basaltic chemistry of the Lesotho granulite xenoliths, 
and that consequently inferred for the lower crust, contrasts 
with the observed, more silicic upper layers, in accord with 
theories suggesting a chemically zoned continental crust!* 15 18, 
From other experimental results'*®, the existence of a lower 
crustal layer with a less mafic composition than that inferred 
from the xenolith analyses has been proposed?*. The less mafic 
composition was suggested as, in expected lower crust condi- 
tions, normal basaltic compositions take on a plagioclase-free 
eclogite mineralogy with a density too high to account for the 
observed seismic velocities. But, systems with high soda and 
alumina contents, comparable with the xenoliths, allow the 
stability of plagioclase at much higher pressures, in excess of 
expected lower crustal conditions. Thus the lower crust main- 
tains a density below that of eclogite while possessing a mafic 
composition, although it is debatable how the lower crust 


Fig. 2 Chondrite normalised relative REE abundance diagram 

for the five xenoliths analysed. a, PHN 1646; b, PHINI919; c, 

PHN2582; d, OVKF10303; e, PHN2588. Values for Gd in 

samples c, d and e are extrapolated, all other points refer to actual 
analyses. 
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developed this unusually sodic and aluminous chemistry 
originally. 

Fyfe% suggested that crustal zonation resulted from intra- 
crustal partial fusion of rocks in the upper amphibolite or 
granulite facies followed by upward migration of the granitic 
partial melt leaving a relatively infusible and anhydrous residue 
of pyroxene granulite in the lower crust. In a similar model, 
Jakes and Taylor! proposed that the residue would be plagio- 
clase rich and thereby possess a positive Eu anomaly to balance 
the large negative anomaly seen in many Andean type igneous 
rocks that may be equated with Fyfe’s granitic partial melt. 
Initially the xenoliths might seem to fit this model, those 
samples most depleted in the lithopile and rare earth elements 
possessing the most pronounced Eu anomalies. It is possible, 
however, for Eu anomalies to develop in plagioclase rich 
cumulates and gabbros (such as the Troodos gabbros2?), 
Therefore, such an anomaly cannot be regarded as unequivocal 
evidence for the previous occurrence of partial fusion and may 
indicate that the xenoliths were originally cumulates or gabbros 
and that the observed trace and rare earth element variation is 
the result of trapping different amounts of interstitial liquid in 
the original rock. 

Two notable features of the trace element abundances con- 
cern the variation of K, Rb, Y and the heavy REE. Rb, fre- 
quently regarded as an incompatible element, does not vary 
with the other trace incompatible elements. Furthermore, Y 
and the heavy REE, elements easily accommodated by garnet 
and, therefore, in the context of garnet bearing assemblages, 
are compatible, show a similar, though less marked, depletion 
to the light REE Nb, Zr and so on. These features Suggest the 
stability of a Rb bearing mineral (such as hornblende or biotite) 
in, and the absence of garnet from, the residuum during the 
solid—liquid fractionation. Feldspar is also thought to be a 
stable residual phase from the marked positive Eu anomalies 
present in all but one of the xenoliths. Hornblende and biotite 
are unusual minerals to crystallise directly from a basaltic 
liquid; olivine, plagioclase and pyroxene, are the most common 
phases to form initially. It, therefore, seems unlikely that the 
xenoliths are fragments of meta-gabbros or cumulates, but 
are most likely to be derived from the metamorphosed solid 
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residuum from the partial fusion of an amphibolite facies 
assemblage rich in feldspar, hornblende and/or biotite. 

Finally, the possibility of metasomatic activity during the 
evolution of the granulites must be considered. The presence of 
accessory scapolite has been confirmed in similar granulite 
xenoliths from Lesotho”, This mineral, when found in granulite 
terrain, has been interpreted as having formed through meta- 
somatic reactions and the addition of volatiles2%. Furthermore, 
of those xenoliths analysed, accessory mica is only found in 
samples PHN1646 and 1919, the two xenoliths most enriched in 
the light REE. Such an empirical relationship, however, must be 
further investigated before any firm conclusion can be made. 
Separate mineral and volatile element analysis should clarify 
this situation. 

I thank Dr P. H. Nixon for supplying xenoliths and for 
helpful discussions. I also thank Dr O. von Knorring and 
Mr D. T. Richardson (University of Leeds) for analysis of sample 
PHN 2852, Dr I. L. Gibson (Bedford College, University of 
London) for providing facilities for neutron activation analysis 
and Dr P. Henderson for constructive criticism. This work was 
carried out while I was in receipt of a NERC advanced course 
studentship at the University of Leeds. 
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A joint study of the Potwar Plateau of Pakistan is yielding 
abundant material for stratigraphic and palaeontological 
reassessment, 


THE Siwalik rocks of the Indo-Pakistan subcontinent have 
interested scholars for more than a century'?, in particular 
because of the*presence in Siwalik beds of hominoid primates. 
Ramapithecus punjabicus, first described from India but known 
best from what are now quite large samples from Pakistan, is 
widely believed to be the earliest recognisable hominid or human 
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ancestor. At least three other hominoid species are known from 
the Siwaliks. An abundant associated vertebrate fauna is known 
from Siwalik rocks, spanning the time between 13 and 1 Myr ago. 
This period is believed to record the time of differentiation of 
Hominidae, and document the first radiation of higher primates 
into non-forest habitats. These rocks and their contained faunas 
figure widely in schemes of primate evolution, mammalian 
biostratigraphy and South Asian geology, and are increasingly 
important for the study of Asian climatic and tectonic history. 
Since 1973, collaborative research between the Geological 
Survey of Pakistan (GSP) and the Peabody Museum of Yale 
University (YPM) has been in progress in the Potwar Plateau of 
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Pakistan. We give here a preliminary account of the stratigraphy 
and correlation of important areas within the Potwar Plateau. 
The results reported are tentative and subject to change because 
much detailed work remains to be done. Nonetheless we present 
them as working hypotheses to geologists. palaeontologists and 
palaeoanthropologists. 


Potwar geology 

The Potwar Plateau of the Punjab province (72 30° E, 33 00 N) ts 
an elevated area of some 20,000 km? bounded to the north by the 
Kala Chitta and Margala Hills, south by the Salt Range, east by 
the Jhelum River and west by the Indus River. Neogene molasse 
was deposited in subsiding basins on the southern flanks of the 
rising Himalayas. During and after deposition the area was 
subject to folding and faulting. A good deal of the Plateau is 
covered by late Pleistocene alluvium, but substantial amounts of 
Neogene rocks are exposed as badlands. Of particular impor- 
tance, Siwalik sediments form the Soan synclinorium, the axis of 
which runs roughly east-west, and are also exposed in anticlinal 
and monoclinal belts along its northern and southern margins, 

Siwalik rocks in the Potwar Plateau were first subdivided into 
‘Lower’. “Middle and ‘Upper’ units by Pilgrim in 1910 (ref. 3). 
The subdivisions were then based on both lithological and 
palaeontological criteria, and clearly were meant to have tem- 
poral significance. Until recently, rock, faunal and temporal 
criteria and definitions have been entwined in discussions of 
Siwalik stratigraphy. causing confusion. In 1913 Pilgrim? sub- 
divided the Middle Siwaliks into Dhok Pathan beds and included 
fauna, making the Dhok Pathan zone, and an underlying Nagri 
zone. The Lower Siwalik unit was described as the Chinji zone, 
while Tatrot and Pinjor zones were defined for the Upper 
Siwaliks. Pilgrim's ‘zones’ have something of the status of stages 
(time-rock units) of current stratigraphic usage. In theory, the 
units were intended to be bounded by isochronous surfaces. 
Lithology. however. was frequently used together with fauna in 
classification as though similar rock-type implied similar time. Ht 
is now known that because of facies change, gross lithology alone 
is a pocr correlative tool; Pilgrim (ref. 3, page 186) noted this, 
although he often ignored its implications. 

Anderson in 1927 used the terms “Chinyi stage’, “Middle 
Siwalik’ and “Upper Siwalik” solely in a lithological sense, and 
included discussions of thickness and facies variation. Essentially 
his concepts are “formational’ in current stratigraphic usage*: 
however, his ‘Middle’ and “Upper Siwalik’ categories are different 
from those of most other workers. 

In the early 1930s Cotter and Colbert published slightly 
different stratigraphic schemes for the Siwaliks. Cotter® used a 
‘stage’ terminology CChinji Stage’ and so on), the stages being 
defined on the basis of lithology and fauna. Colbert subdivided 
the sequence into ‘zones’ using the same terminology, based 
almost exclusively on faunas. Lewis’ used a 1933 North American 
stratigraphic committee report in defining formations for the 
Siwalik subdivisions. Following Pilgrim, Anderson, Cotter and 
others he defined Tatrot. Dhok Pathan, Nagri, Chinji and 
Kamlial Formations, giving type localities and very brief lith- 
ological descriptions. But he also included descriptions of faunas 
as part of the definitions, and it seems that the units are stages of 
current usage. rather than formations. Gill” used a ‘stage’ 
terminology for concepts that are basically formational. 

In 1973 the Stratigraphic Committee of Pakistan? formally 
defined formations solely on lithological criteria. The nomencla- 
ture used (Chinji, Nagri and so on) was that introduced by Pilgrim 
60 yr earlier on the basis mainly of faunas, and which has since 
been used by many workers in various ways as rock and time-rock 
units. The use of these identical parallel terminologies has proved 
extremely confusing. We agree with Fatmi’ that Pilgrim's names 
should now be confined to properly defined lithological units. The 
formation names should not be used outside the type areas and 
‘mappably’ contiguous areas. A new nomenclature for biostrati- 
graphic and time-stratigraphic units is thus necessary. 

Siwalik deposition is mainly fluvial and cyclic!® +2, Typical 
exposures are characterised by repetitive units, commencing with 
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Fig. I Map of South Asia showing position of Potwar Plateau. 


single sandstone bodies grading upwards into fine-grained silts 
and clays which are in turn abruptly truncated by the sandstone of 
the succeeding cycle!®. The sandstones probably represent lateral 
accretion or point-bar, channel lag, cut and fill and channel splay 
deposits, the finer sediments being vertical accretion or overbank 
deposits which may preserve palaeosols. Other exposures are 
characterised by sequences almost lacking fine-grained sediments, 
while multistoried sandstone attain considerable thickness. As a 
whole, the beds imply a dominantly braided fluvial regime and a 
relatively rapidly aggrading multiple-channelled river. 

The Chinji Formation (72 22’ E. 32°41’ N) is defined? south of 
Chinji Village on the southern margin of the Soan synclinorium, 
and consists of a series of sandstones separated by thick red silts. 
The succeeding Nagri Formation (72 30° E, 32 46’ N). defined 
north-east of Chinji Village near Sethi Nagri’, is made up of more 
massive sandstones with only minor overbank episodes. 

Unfortunately the succeeding Dhok Pathan Formation? is not 
defined in the same area as the Nagri Formation. Its type locality 
isat Dhok Pathan (72 31’ E, 338 N) on the northern flank of the 
Soan synclinorium, some 45km north of Chinji Village and 
40 km north and west of the Nagri type locality in the Gorge of 
the Gambhir River near Sethi Nagri. The Dhok Pathan For- 
mation is, like the Chinji, predominantly argillaceous, although 
the overbank deposits of the former rarely match the rich red hues 
of the latter. Some nine fluvial cycles are recorded by us at Dhok 
Pathan village, where the formation is unconformably overlain by 
the much younger, horizontally bedded Potwear Silts. 

We assume that the top of the Nagri Formation, as defined in 
the south in its type locality by transition from mainly arenaceous 
to mainly argillaceous beds, is time-equivalent to the similarly 
defined base of the Dhok Pathan Formation in the north. This 
may not be the case, however. It has been long realised, though 
much neglected, that these deposits are hardly atypical among 
fluvial sediments in showing significant lateral varfation in thick- 
ness and lithology. often over quite short distances? 4-9, 

Detailed mapping and section measuring in these three stra- 
totype areas should be completed within the next 2 yr. In addition 
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Fig. 2 Map of Potwar Plateau showing main fossil collecting areas. 


we have explored in detail northern exposures to the east and 
north of Dhok Pathan and south of Khaur, near the villages of 
Dhok Mila, Dhok Ganja, Gandakas and Kaulial (72 30 E to 
72:45’, 33:9’ N to 33°22’ N). Major sandstone units have been 
strike-mapped north-east into this area from the Dhok Pathan 
type area, and it is clear that there are major lithofacies changes 
from west to east. Thus, as noted, at Dhok Pathan village, the 
Dhok Pathan Formation consists of some nine fluvial cycles, with 
overbank sediments dominant. The underlying beds presumed 
laterally equivalent to the Nagri Formation are arenaceous. 
consisting mainly of massive multistoried sandstones. Some 
25 km to the north-east near Gandakas the same nine fluvial units 
are present in the Dhok Pathan Formation: however. near 
Gandakas the upper two-fifths of the underlying (presumed) 
Nagri Formation are argillaceous and lithologically similar to the 
Dhok Pathan Formation, 

The Upper Siwalik Tatrot Formation’ is defined 85 km to the 
east of Chinji in a basin centred around the village of Hasnot 
(73° 21’ E, 32 52°30” N). The Tatrot Formation (not recognised by 
Fatmi) rests unconformably on sediments of presumed Middle 
and Lower Siwalik age. Although the formational names ‘Dhok 
Pathan’, ‘Nagri’ and ‘Chinji’ have been given to rocks in this area 
they have not yet been mapped into the type areas: caution should 
be exercised until this has been effected. 

Mapping is to continue in each of these areas. in collaboration 
with an intensive programme to establish a regional magnetic 
polarity stratigraphy being undertaken by us and by a group from 
Peshawar University, Dartmouth College, the Lamont-Doherty 
Geological Observatory and the University of Arizona. Such 
studies, together with a continuing search for radiometrically 
datable sediments, must be completed before adequate temporal 
correlations between the various areas can be made. We assume 
that major sandstone units used in strike mapping (between, for 
example, the villages of Dhok Pathan and Gandakas) are mini- 
mally time-transgressive, at least for purposes of local correlation 
of middle and late Miocene sequences of strata. 

Extensive faunas were collected in the late nineteenth and early 
twentieth centuries from the Potwar Plateau, principally from the 
Chinji, Dhok Pathan and Hasnot areas: a small fauna was also 
obtained frm Sethi Nagri. These collections, together with those 
from Haritalyangar in India, 425km to the south-east, and 
Ramnagar in Kashmir, 250 km to the east, formed the basis for 
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Table 1 Vertebrate faunas from the Chinji Formation 
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Mammalia 

Primates 

Sivapithecus sivalensis 

S. indicus 

Ramapithecus punjabicus 
Creodonta 
Hyainailouros bugtiensis 
Dissopsalis carnifex 
Carnivora 

?Vivrerra chinjiensis 
Hyaenid indet. 
Percrocuta carnifex 
Miohyaena cf. montadai 
‘Sivasmilus’ 

( = Paramachaerodus) copei 
Sivaelurus chinjiensis 
Felid indet, (very small) 
? Sansanosmilus sp. 
Martes lydekkeri 

? Martes sp. 

Vishnuonyx chinjiensis 
Mustelinae sp. 
Amphicyoninae (large sp.) 
Amphicyon sp. 
Vishnucvon chinjiensis 
Perissodactyla 
Chalicotherium salinum 
Rhinocerotidae spp. 


Artiodactyla 

Listriodon pentapotamiae 
Conohyus chinjiensis 
Lophochoerus sp. 
Mervcopotamus pusillus 
Tragulidae spp. 
Giraffokervx sp. 
Protragocerus eluten 
Miotragocerus gradiens 
Aubunotragus sokolovi 
”Pseudotragus potwaricus 
Sivoreas eremita 
Gazella sp. 
Tubulidentata 
Orvcleropus 

Rodentia 

ch. Rhizomyidae indet. 
Copenwys sp. 
Megacricetodon sp. 
Antemus chinjiensis 
Reptilia 

Chelonia 

Trionyx sp. 

Lissemys sp, 

Ophidia 

Acrochordus sp. 
Colubridae sp. 


Boidae indet. 
sss: 


the biostratigraphic zonation developed by Pilgrim and elab- 
orated by many others!2714 2. 

The ‘Chinji fauna’ was based on material mainly from Chinji. 
and also on fossils from Ramnagar in Kashmir. from rocks of 
similar lithology (presumed at the time therefore to be of similar 
age). ‘Nagri faunas’ were partly based on the fossil mammals 
from Sethi Nagri, north-east of Chinji, but predominantly on 
specimens from sediments more than 400 km away at Haritalyan- 
gar with which they were correlated on very slender evidence, The 
bulk of the ‘Dhok Pathan fauna’ came not from Dhok Pathan 
itself but from around Hasnot, 90 km to the south-east on the 
opposite margin of the Soan synclinorium. *Tatrot faunas’ came 
from Tatrot and Kotal Kund near Hasnot. and from Bhaun. 
60 km to the west. Given that each ‘fauna’ is geographically 
heterogeneous, often markedly so, and that faunas from different 
areas were frequently ‘lumped’ on the basis of lithological criteria 
now known to be of dubious temporal value. one might well 
suspect that problems could develop: we aim here to clarify at 
least some of these. 

The bulk of earlier collections from Chinji came mostly from 
the middle third of the Chinji Formation. Subsequently. col- 
lections by Brown, Lewis, Dehm and von Koenigswald, as well as 
the present project. sampled the upper parts of the formation. The 
Nagri type fauna comes from Nagri (presumably one of the 
villages of Sethi Nagri). north-east of Chinji. According to 
Pilgrim'. the type locality for the faunal assemblage is 1.500 feet 
ubove the top of the Chinji Formation, some three-fifths of the 
way up the Nagri Formation in this area. What are probably very 
close or identical localities have been collected by Dehm, von 
Koenigswald and ourselves (GSP-YPM locality 311). At Dhok 
Pathan, we determined that the bulk of the classic fauna comes 
from the upper half of the formation, the lower portion of which is 
covered by the Soan River. 

In the newly prospected regions to the east of Dhok Pathan we 
have collected fossils from over 30 fluvial cycles, nine of which we 
equate by strike mapping with the Dhok Pathan Formation at 
Dhok Pathan; the underlying cycles correlate with the upper part 
of the Nagri Formation, spanning approximately its top half. 
Within the Nagri Formation in the Dhok Mila-Gandakas- 
Kaulial area, we have informally designated the top few cycles the 
‘Utran unit’. and the immediately underlying series. the “~Dhok 
Mila’. The upper four cycles of the Dhok Pathan Formation we 
have informally termed the “Kundvali unit while the lower five 
form the “Gandakas unit’. On the basis of both relative strati- 
graphic position and close faunal similarity, we tentatively 
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Table 2 Vertebrate faunas from the Nagri Formation 





Mammalia 
Insectivora 

Soricidae indet. 
Primates 

Lorisidae indet. 
Sivapithecus sivalensis 
S. indicus 
Ramapithecus punjabicus 
cf. Gigantopithecus sp. 
Creodonta 

cf. lsohvaenodon 
Carnivora 


Viverrinae 2 sp. 
Herpestinae sp. 
?Progenetta sp. 
Palhvaeena sivalense 
? Miohvaena n. sp. 
Percrocuta carnifex 
Percrocuta grandis 
> Stvaelurus sp. 
Machairodontinae 
Martes sp. 
Mustelinae sp. 
Eomellivora sp. 
Sivaonyn bathygnathus 
Amphicyon sp. 


Proboscidea 
Deinotherium sp. 
Gomphothertidae indet. 
Perissodactyla 


Hipparion small and large spp. 


Chalicotherium cf. salinum 
Artiodactyla 
Propotamochoerus hysudricus 
Propotamochoerus sp. 
Conoliyus sp. 

Tetraconodon sp. 


Hippopotamodon sivalense 
(== Dicoryphochoerus titan) 
Schizochoerus sp. 


Merycopotanius nanus 

M. dissimilis 

Dorcabune nagrii 

Dorcatherium majus 

D. minus 

cf. Dorcatherium sp. 

cf. Sivatherium sp. 

Gazella sp. 

Miotragocerus punjabicus 

Selenoportax venillarius 

? Pseudotragus sp. 

Boselaphini very small 
n. gen.. n. sp. 

Rodentia 

Sciuridae indet. 

Gliridae indet. 

Rhizomyoides sp. 

Kanisamys sivalensis 

Progonomys n. sp. 

Parapodentus sp. 

cf. ‘Mastomys' colberti 

Reptilia 

Chelonia 

Testudo sp, 

Emydidae sp. incl. Kachuga sp. 

Geomyda sp. 

Trionyx sp. 

Lissemys sp. 

Crocodylia 

Crocodylus palaeindicus 

Gavialus hysudricus 

Ophidia 

Python sp. 

Acrochordus sp. 

Colubridae indet, 

Lacertilia 

Varanus sp. 

Amphibia 

Anura indet. 

Mollusca 

Bivalvia 

Unionidae indet. 

Gastropoda indet. 





correlate the 


southern Nagri 


faunas (‘Nagri Sethi 


Nagri locality 311) with those from the middle of the Nagri 


Formation in the north. 


Thus in the region of the stratotypes and ‘mappably’ adjacent 


areas we have collected faunal remains from most of the Chinji 
Formation, especially the middle and upper portions, and froma 
continuous sequence consisting of the upper half of the Nagri 
Formation and the entire Dhok Pathan Formation. These two 
faunal blocks are separated by a considerable stratigraphic, and 
probably temporal, gap which is only sparsely fossiliferous 
because of the predominantly arenaceous sedimentation of the 
lower half of the Nagri Formation in the type locality and 
adjacent areas. 


New faunal analyses 
About 13,000 catalogued specimens from approximately 350 
localities have been recovered by the GSP-YPM expedition; these 
sample a diverse fauna of mammals, lower vertebrates and 
invertebrates. Most major groups are undergoing taxonomic 
revision. Previous collections in the British Museum (Natural 
History), Indian Museum, American Museum of Natural His- 
tory, Yale Peabody Museum, Munich Geological Institute, and 
Geological Institute, University of Utrecht, are also being stud- 
ied. In many cases it has been possible to determine quite closely 
the stratigraphic positions of previously collected specimens. 
Significant new material has been recovered, particularly pri- 
mates, bovids, suids, carnivores and rodents (several hundred 
specimens), which should help considerably in biostratigraphic 
and other studies. 

The fauna from the Chinji area contrasts markedly with that 
from Nagri and the area around Khaur; the latter, in contrast, 
apparently differs only minimally from that collected in the Dhok 
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Pathan Formation at Dhok Pathan and south of Khaur. The 
following faunal lists, based on our own collections with good 
Stratigraphic control, or on previous material of known prov- 
enance, should be regarded as preliminary, although we feel that _ 
in broad outline this account is likely to stand. More detailed 
studies will follow as collections are expanded and major revisions 
are completed. 


Chinji Formation 

The vertebrate faunas (Table 1) have been collected from the 
upper two-thirds of the Chinji Formation in the type area 
(directly south of Chinji Village) and from some 10 km east and 
west of Chinji. Many other vertebrates and invertebrates have 
been collected from Chinji, and some have been recently re- 
vised?! 24, Others remain to be restudied. 

Among several thousand specimens, we have collected neither 
cervids nor Hipparion from the formation. Rodents from surface 
collections reviewed by Black?*, with the possible exception of a 
rhizomyid, have also not been recovered by us. Overall faunal 
resemblances are to Astaracian’® faunas of Europe and west 
Asia, and are especially marked among the suids, Aubanotragus 
{known elsewhere from Belometscheskaia in the Caucasus, 
Gabounna, ref. 27), and the cricetids, which resemble those from 
Europe. The murid is a new primitive species, possibly ancestral 
to later murids?°, There are a few resemblances to African faunas 
(Fort Ternan, Ngorora), presumably reflecting an earlier period 
of African~south Asian faunal connections, although they are 
not marked. An age of between 11 and 13 Myr is suggested for the 
Chinji Formation and its fossils based on biostratigraphic cor- 
relations to geochronologically controlled sequences elsewhere in 
the Old World2®. 


Nagri Formation 

The bulk of the mammals recovered by us (Table 2) come from the 
four fluvial cycles of the Dhok Mila unit south of Khaur, 
although some material is known from the uppermost Utran unit 
and from Sethi Nagri. At present, this is our best sampled unit. 
Other material remains to be studied and revised. 

This fauna, the bulk of which comes from a relatively restricted 
stratigraphic range in the northern margin of the syncline, is 
clearly different from that of the Chinyji area. This is to be expected 
considering the rather substantial thickness of Nagri Formation 
separating the two faunas; unfortunately this intervening section 
is only patchily fossiliferous. The fauna is most closely compar- 
able with those from Eurasian rather than African sites. The 
bovids (especially Miotragocerus punjabicus), suids, rodents ( Pro- 
gonomys and Parapodemus) and the two species (compare ref. 29) 
of Hipparion suggest a correlation with late Vallesian or early 
Turolian faunas. The fauna from Samos, with an age of about 9 
Myr (ref. 30), and Turkish faunas, aged between 9 and 10 Myr (ref. 
31), are probably comparable tn age with those from the upper part 
of the Nagri Formation. 

Faunal resemblances, especially of suids and bovids, and 
preliminary geological mapping suggest that the southern Nagri 
Formation site(s) at Sethi Nagri sampled by Pilgrim, Dehm, von 
Koenigswald, and GSP-YPM locality 31 | are very similar in age to 
those in the north. 

The first appearance of Hipparion, as documented by us, falls in 
the lowest or “Pari unit’ (our informal usage) of the Nagri 
Formation. This suggests that much of the lower half of the 
Formation will prove to contain faunas of earlier Vallesian type. 


Dhok Pathan Formation , 

An extensive fauna is known from the formation, both around 
Dhok Pathan Village and to the south and east of Khaur. Much of 
the earlier collected material has been located relative to our 
stratigraphic columns. The classic ‘Dhok Pathan’ fauna from the 
type area of the formation is known mainly from ys upper half, 
informally termed the Kundvali unit by us. To the east, lower 
fossiliferous levels (Gandakas unit) have now been collected so 
that a continuous column has been sampled from sediments 
equivalent to the upper portions of the Nagri Formation through 
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Fig. 3 Tentative stratigraphic chart showing Siwalik formations, main faunal collections and faunal comparisons. 


to the upper levels of the Dhok Pathan Formation at Dhok 
athan. 

Dhok Pathan Formation faunas are, for the most part, very 
similar to those of the underlying sediments: thus the suids, 
carnivores and bovids continue virtually unchanged. High in the 
Dhok Pathan Formation. however, between local sandstones 6 
and 8 of our terminology, there are several interesting faunal 
changes. Miotragocerus and other bovids apparently become 
extinct; Reduncini make their first appearance (known elsewhere 
from Kenya in the Mpesida Beds and Lukeino Formation of the 
Baringo Basin dated at 7 and 6.5 Myr respectively32), together 
with a species very similar to Prostrepsiceros houtumschindleri 
from Maragha in Iran, and a species of cf. Sus. Overall, the Dhok 
Pathan Formation faunas resemble those from the Turolian Land 
Mammal ‘Age’ as defined in Europe, North Africa and West Asia. 
A suggestion of absolute age can be obtained from radiometric 
dates on the Samos faunas of around 9 Myr (ref. 30), and of 
around 8 to 9 Myr (or perhaps less) on similar Turkish faunas?!. 

Of interest is the overall similarity between the faunas of the 
upper Nagri Formation and its equivalents and those from the 
Dhok Pathan Formation. Their probably rather restricted time 
range seems to fall close to the boundary between Vallesian and 
Turolian Land Mammal ‘Ages’. Only at the top of the Dhok 
Pathan Formation is there evidence of some faunal change. It has 
long been assumed, however, that the ‘Nagri and ‘Dhok Pathan’ 
faunas were rather different, and it is worth considering why this 
view should have arisen, given the relative similarity of our 
collections from the type areas of the formations. As Pilgrim! 
outlined, the ‘Dhok Pathan fauna’ contained specimens from 
around Dhok Pathan itself, as well as from Niki (or Nikki) and 
Hasnot. Hasnot, from which a substantial fauna is known, is in a 
relatively isolated part of the southern Potwar Plateau, 90 km 
from Dhok Pathan. A close inspection of the works of Pilgrim and 
in particular of Colbert? shows that, although a number of species 
are common to both the Dhok Pathan and Hasnot areas, most of 
the species of the ‘Dhok Pathan fauna’ that differ from those from 
the upper parts of the Nagri Formation both at Nagri and near 
Khaur, are in fact known mainly or exclusively from around 
Hasnot. | 

The supposed ‘Middle Siwalik’ deposits at Hasnot have yielded 
several species of Reduncini, cervids, several suids including 
Sivachoerus, Hippohyus, Sivahyus and Sus, the oldest Siwalik 
cercopithecoid ?Presbytis sivalensis, and a rodent fauna clearly 
distinct from that found in the upper part of the Nagri Formation 
and its equivalents. 

Probably the deposits at Hasnot include a succession of rocks 


of similar lithology to those at Dhok Pathan that is the same age 
as and younger than the type Dhok Pathan Formation. Rocks of 
similar age, so far unexplored, are probably present in the area 
east of Kaulial, 


Potwar biochronology 


The improper extension of formational names to lithological 
sequences that are not in mapped continuity with the type areas, 
especially in fluvial deposits where rapid changes in facies are 
common, cannot be too strongly condemned. Ultimately, we 
hope that correlations between the principal Potwar fossiliferous 
areas can be documented using non-faunal methods-~strike- 
mapping, magnetic polarity stratigraphy and radiometric age 
determinations. Such efforts will be continued by both our group 
and that from Peshawar-Dartmouth-Lamont-Arizona. Until that 
time we believe that the biostratigraphic scheme for the Potwar 
Plateau outlined here will serve as a reasonable working hy- 
pothesis. Ultimately, an improved biostratigraphic zonation with 
names different from formational ones must be established. 
Detailed lithostratigraphic and biostratigraphic work in the 
central Potwar region enables us tentatively to isolate two rock 
sequences (and time periods) for which faunas can be described. 
The earlier of these comes from the upper two-thirds of the Chinji 


Formation at its type locality, and most closely resembles 


Eurasian and African Astaracian and Astaracian-equivalent 
faunas, ranging in age from perhaps I or 12 to 13 or 14 Myr. The 
later faunal sequence spans the upper half of the Nagri Formation 
and equivalent rocks and almost the entire superposed Dhok 
Pathan Formation, comprising material from Nagri itself, Dhok 
Pathan and the region south and east of Khaur contiguous with 
the Dhok Pathan area. These faunas probably span the period 
between about 10 Myr and perhaps 7.5 or 8 Myr, on the basis of 
comparisons with other dated Eurasian and African faunas. 
Within this faunal sequence little change can be observed, 
although some (apparent) extinctions and appearances are re- 
corded high in the Dhok Pathan Formation. A preliminary 
interpretation of faunas from the upper parts of the socalled 
Middle Siwaliks at Hasnot suggests that at least part of the fauna 
there is younger than the bulk of that front Dhok Pathan: an 
average age of around 7 Myr can be tentatively suggested for these 
younger elements. 

The period between the Chinji Formation and upper parts of 
the Nagri Formation and equivalents is represented by poorly 
fossiliferous sandstones. Known faunas from these formations 
and equivalents are substantially different. Within the poorly 
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fossiliferous part of the column we locate the first appearance of 
Hipparion, in the basal “Pari unit’ of the Nagri Formation. Other 
workers have reported Hipparion from the Chinji Formation! *-°, 
but the provenance of these finds can be questioned** or they 
consist of a very few isolated teeth which might well not have been 
in situ. In four seasons we have not located Hipparion in the Chinji 
Formation, and in our opinion this equid is an immigrant arriving 
after deposition of the Chinji Formation. 


Other Siwalik faunas 

Two other areas outside the Potwar Plateau yield abundant 
Miocene fossils, including primates—-the regions around Ram- 
nagar and Haritalyangar. Material from Ramnagar, 100 km 
north-east of Jammu in Kashmir, is apparently similar to faunas 
from the type Chinji Formation. Mammals include Listriodon 
and other characteristic species, while Hipparion is absent'®. 
Around Haritalyangar, Siwalik rocks are extensively exposed’. 
The terms ‘Chinji’, "Nagri and so on have been widely used both 
for formations and faunas in these areas, in our view unjustifiably. 
At Haritalyangar the major Miocene fossiliferous horizons are 
exposed as a sequence of predominantly argillaceous beds in the 
‘Lower’ and “Upper Alternations’; these comprise almost 70 
fluvial cycles'?.!?. According to Pilgrim! and to recent work by 
teams from Chandigarh and Yale Universities, Hipparion is 
found throughout the section. But most of the fauna from the 
Haritalyangar region, including that used by Pilgrim to make up 
the bulk of his ‘Nagri fauna’, as well as that collected later by 
Lewis'®, Prasad3+.45 and the Chandigarh-Yale group, probably 
comes from a relatively restricted zone of less than 10 fluvial 
cycles, 20 or more cycles above the base of the Lower Alternations 
(with Hipparion). Recent analysis of faunas from Haritalyangar 
in Calcutta and at Yale (Lewis collections) by M.P.. H.T. and 
L.L.J. suggests a close similarity of bovids, rodents and suids to 
those from the upper part of the Nagri Formation of the central 
Potwar Plateau. Such a correlation, however, needs to be con- 
firmed independently, and is probably best done magneto- 
stratigraphically. 

If correct these correlations suggest that the bulk of known 
Indo-Pakistan Lower and Middle Siwalik faunas fall into two 
groups: an earlier one (material from Chinji and Ramnagar) 
around 12 Myr old, and a younger one (Nagri, Dhok Pathan, 
Khaur. upper Hasnot, Haritalyangar) 10-7 Myr old. Some 
material from Khaur-Dhok Pathan, Hasnot and Haritalyangar 
probably fills the gap between the two groups, though only 
sparsely. This has important implications for faunal studies, 
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especially those of the hominoid primates, because some Lower 
Siwalik mammals may be almost twice as old as some from the 
Middle Siwaliks. 

We have recovered almost 90 new hominoid primates during 
the past three seasons, mostly from the Khaur area. They are from 
a relatively restricted stratigraphic range, mostly from the Dhok 
Mila unit in the upper third of Nagri Formation equivalent strata. 
Some other material comes from Sethi Nagri and is probably of 
similar age, as estimated from faunal associations. The material 
seems to be sampled from at least three species, Ramapithecus 
punjabicus, Sivapithecus indicus and one similar to Giganto- 
pithecus. Some of the specimens have relatively complete jaws, and 
also include the first hominoid postccranial remains from the 
Siwaliks. They are the subject of the following report. 
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Siwalik deposits in*the Punjab have yielded a rich collection of 


hominoidprimate remains. Together with other recent finds they 
indicate the need for some changes in hominoid classification. 





SINCE 1973 a team from the Geological Survey of Pakistan (GSP) 
and the Peabody Museum has collected fossils in the Potwar 
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Plateau, Punjab Province, Pakistan (72°30 E, 33°00" N} as part of 
a joint research project aimed at a. better understanding of the 
geological, floral and faunal history of South Asia. Neogene rocks 
of the Siwalik Group are widely exposed in India afid Pakistan as 
part of the South Asian alpide system. The Soan syncfnorium in 
the Potwar Plateau is the area in which all but one of the type 
localities for Siwalik formations and South Asian Land Mammal 
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Fig. | Top row left to right: GSP 9903, 9906, 5019, 6206, 8702 
Middle row: GSP 4622/4857, 9563/9902. Bottom row: GSP 6153. 
7619, 7144 


Ages are located (Figs | and 2 of preceding article). The 
lithostratigraphy and biostratigraphy of Siwalik deposits in the 
Plateau have been discussed in the preceding article’, 

More than 13,000 catalogued fossil specimens representing a 
diverse vertebrate and invertebrate fauna have been collected 
from more than 300 localities: 18 localities have yielded 86 new 
hominoid primate specimens representing a minimum of 43 
individuals (Tables 1-3). The hominoids are accurately located 
stratigraphically with well documented information concerning 
lithological context and faunal associations. They approximately 
double the previously known hominoid collections. In addition, 
new stratigraphic information has facilitated further in- 
terpretation of earlier collections, OF particular interest are four 
localities (Table 2) in which remains of between five and nine 
hominoid individuals have been found togethe: 

Detailed descriptions of the geology. revisions of major verteb- 
rate and invertebrate groups, and more extensive descriptions and 
analyses of the hominoids will be published elsewhere as studies 
are completed. What follows is a preliminary announcement of 
the primate finds 


Geology and palaeoecology 
Most of the new hominoid sites are along the northern rim of the 
Soan synclinorium between Dhok Mila and Kaulial. One, 311, is 
at Sethi Nagri, another, 38, south of Chinji; both are along the 
southern margin of the synclinorium. All the northern sites, with 
two exceptions (251 and 261). are situated stratigraphically in the 
upper third of the Nagri Formation; localities 251 and 261 are 
somewhat lower in the section. Locality 311 at Sethi Nagri is 
probably situated somewhat below the level of the bulk of the 
northern sites. Locality 38 is in the Chinhi Formation 
Approximate ages can be assigned to the localities on the basis 
of faunal comparisons to dated sequences elsewhere in the Old 
World, and*these are apparently supported by palaeomagnetic 
surveys which will be published soon. Locality 38 may be about 
12 Myr old; 251 and 261 about 9.5—10 Myr old: and the rest of the 
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Sites some 9.0 My old 

\bundant vertebrate and invertebrate faunal remains have 
been recovered from the Potwar Plateau both by us and by 
previous expeditions, and the biostratigraphic sequence is becom- 
ing clear. The upper Nagri levels are particularly well sampled, 
and new analyses of major taxonomic groups (rodents, car- 
nivores, suids, bovids and equids) suggest close similarities to 
European and West Asian sites of late Vallesian and early 
Turolian age’ 

Earlier studies of Siwalik lithology*. faunas 7 and floras®® 
generated hypotheses about past habitats, These studies were 
large scale, involving the analysis of faunas from many localities 
and broad stratigraphic ranges, or used lithological or floral 
samples which could not be tied into firm stratigraphic or 
palaeogeographic frameworks. Only recently have more ade- 
quate studies started'’. Our programme of detailed lithostrati- 
graphical, magnetostratigraphical, sedimentological. taphonomi- 
cal, faunal and floral analyses is aimed at a better understanding 
of Siwalik palaeogeography and past plant and animal associ- 
auions. 

Many primate localities are in pellet rock lithologies usually 
associated with minor grey-green sandstones within a red-bed 
sequence. In localities where several individuals are preserved. 
primates are often a relatively abundant component of the fauna 
So far collections have been made in a taphonomically adequate 
way from few sites, nor have faunal analyses involving minimum 
numbers of individuals been completed. Possible faunal differ- 
ences between primate and non-primate localities are being 
investigated. Preliminary faunal analyses from our ‘best- 
collected’ localities suggest that the overall mammal community 
lacked a diversity of large mammuls and had low numbers of 
grazing species, herbivores above 100 kg and arboreal species. By 
comparison with recent and Pleistocene faunas associated with 
riverine environments, this suggests woodland or bush habitats 
with open patches of grassland rather than extensive forests. The 
sedimentary features and lithologies of the upper Nagri indicate a 
braided fluvial regime of low sinuosity rather than a meandering 
one, and a rapidly aggrading multiple-channelled river would 


Fig. 2 Top row, left to right: GSP 11708, 11704, 9977/01/05 9564 
Bottom row: 115367, 13163. 4230. 9977/0105 9564 
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Table 1 Hominoid specimens collected from the Potwar Plateau, Punjab 


Area Locality 
Sethi Nagri 311 


GSP no. 
1 1536/7 


10493 
11534 
11999 
13162 
12000 
9986 
10500 
11533 
7144 
11998 
13164. 
12648 
6663 | 


6664 
6666 


6454 
12271 
8928 
8925 
5019 
5018 
5067 
8702 

4622/4857 


4230 


5464 
8679 
5712 
5020 
4635 
4735 
8926 
8927 
4664 


Khaur 182 


Khaur 260 


9564 


9897 
9903 
9898 
13167 
9906 


9977/01 /05/ 


Specimen ; 

Infant left mandibular 

corpus, dP;, dP; as- 

sociated My : 

LeftC 

Left P$ fragment 

Right M4 

Right M+ fragment 

Right M+ fragment 

Right Mè 

Left M4 fragment 

Right M2 fragment 

Left M; fragment 

Right M- 

Central F 

Central? : 
Distal humeral epiphyseal - 
fragment | 
Distal pollicial phalangeal — 
fragment _ 

Distal phalangeal frag- 

ment 


Intermediate cuneiform 
Distal humeral fragment 
Right H 

Right C 

Right Mi 

Left.M* fragment 

Left M# 

Left M4 

Mandible, left M,;~— Mz, 
right M; 


Right mandibular frag- 


ment with M; 
Right I- 

Right C 

Left P; fragment 
Left P; 


Left distal calcaneal frag- 
ment 
Maxilla, left and right 
C M3 : 
right 14; mandible, right C, 
left P- Ma: right con- 
dyle; Cranial and facial 
fragments 

Left maxillary fragment 
Right 14 

Left 14 

Left C 

Left P+ 


Area 


K haur 317 


K haur 137 
191 
207 
21 


221 
224 


226 
227 


230 
251 
261 
309 


310 
314 
Chinji 38 


Locality 


GSP no. 


13166 
12647 
9972 
9896 
9969 
9895 
9900 
12709 


9563/9902 


13165 


9565 
9899 
12654 
9894 
13168 


11708 
11786 


11704 


7618 
11706 


11707/85 


7619 


9930 
7611 
11867 
3293 
12568 
5001 
5260 
6758 
6759 
6153 


7308 
6178 
6160 


6206 
13171 
6999 
8836 
9987 
11597 
1023 
10784 
11003 
780 


Specimen 


Left P+ 

Right M1 

Right M2 

Left M4 

Right M2 

Left M4 

Right M4 

mi mandible, right Č, 

P- 


Mandible, left P;, My, 
right Ms, M; 

Right- mandibular frag- 
ment, My - M3 

LeftC fragment 

Right M; 

Femoral fragments 
Femoral head fragment - 
Distal phalangeal frag- 
ment 

Right maxilla, P% -- Mẹ 


Right maxillary fragment, 
pè ~ Må 

Right maxillary fragment, 
14 root — M4 

Right M+ 

Right mandibular frag- 
ment 

Mandible, left M- 

Left mandibular fragment, 


Pa 

Left M; 

Radial diaphysis 

Femoral head and neck 
Left H 

LeftC 

Right M; 

Right M 

Left M4 

Right M; 

Left nasa fragment, 
Right ny fragment 
Femoral head fragment 
Right mandibular frag- 


Left C fr agment 
Talar fragment 
LeftC 

Left C fragment 





probably have been characterised by a mosaic of more and less 
open habitats rather than extensive riparian forest. 

There have been too few palynological studies of Siwalik age 
sediments” 19 to indicate clearly either the range of habitats at a 
particular time or habitat changes through time. Available 
evidence suggests a change during the deposition of the Chinji and 
Nagri Formations from mainly subtropical, forest habitats to 
more open, less low-lying habitats. Schaller’! has summarised 
views on the modern vegetation of the area: evergreen and semi- 
evergreen forests have quite restricted distributions, most habitats 
being deciduous forest or thorn forest. Although South Asian 
Neogene climates may have been warmer and with more pre- 
cipitation than Recent climates, it is possible that evergreen 


forests (including gallery forests) were 


never very widespread 


during the time of deposition of Siwalik group rocks. As noted, 
such limited information as we have suggests non-evergreen 
forest contexts for at least some of the major primate localities. 


Primates 


There is an extensive primary literature on Siwalik primates, and 
they have been mentioned and discussed many times*. Approx- 
imately 90 hominoid specimens representing more than 60 in- 


Table 2 Tentative listing of minimum numbers of hominoid individuals 


Locality 


182 
260) 
311 


No. of 


specimens 


x 
D 


Minimum nos individuals 


G 


l 


Si Total 
4 2 6 
4 5 9 
5 5 6 
2 3 5 
= 1 | 
om | | 
n | i 
e I l 
f me | 
92 2 
?1 s J 
a I 
~ | | 
| ~ l 
a | 1 
~ 2 2 
a ~ l 
= d I 
= | l 
+ 
{7 25 43 





G, Gigantopithecus, R, Ramapithecus; Si, Sivapithecus indicus. 
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dividuals are known from previous collections. The Potwat 
Plateau yielded some isolated teeth and a few jaws, the bulk from 
the Chinji Formation at Chinji; several specimens came from 
around Hasnot. and a few individual teeth were known from 
other localities. Ramnagar in Kashmir was the source of a few 
hominoids, but the best collections came from Haritalyangar in 
India 

At least four hominoid species are represented in the Siwaliks. 
thought previously to range in age between about 14 Myr and 
6 Myr. The four species are Ramapithecus punjabicus, Siv- 
apithecus Sivalensis, S. indicus and Gigantopithecus bilaspurensis 
Until recently species of Sivapithecus have been classified in 
Di vopithei tis, 
generically from D. fontani and other dryopithecines. 


but it now seems preferable to separate them 


In several recent reviews of Miocene Hominoidea these Siwalik 
species and others from elsewhere in the Old World have been 
placed in either the Hominidae or Pongidae. Ramapithecus has 
Often been included in Hominidae. while species of the other 
genera have usually been considered pongids'*. This arrangement 


has not been accepted universally. 


Fig. 4 Tentative stratigraphic-morphological distribution of large 

hominoid groups with possible phylogenies. P. Pongidae; D 

Dryopithecidae; S, Sivapithecinae. R. Ramapithecinae: A, Austra- 

lopithecinae: H. Homininae. (Sivapithecidae should be Ramuapithe- 
cidue: note added in proof.) 
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Fig. 3 Left to right. first column 
GSP 7611: second column: top, 
GSP 12271. bottom, GSP 10785: 
third column: top, GSP 6664. 
middle, GSP 4664, bottom, GSP 
9894; fourth column, GSP 12654: 
fifth column, top to bottom, GSP 
11867. 6178. 6663, 6666 and 
13168. 6454 


The new specimens from Pakistan discussed here (Tables 1-3). 
together with much new material from other Old World localities, 
facilitate a different view of earlier Neogene hominoid classifi- 
cation and evolution 

[he new hominoids are discussed here taxonomically. Assign- 
ment of some individuals to species is difficult or impossible, and 
the scheme outlined is provisional, More comprehensive de- 
scriptions and discussions are being prepared. Measurements of 
the more complete specimens are given in Tables 4 and 5 

\t least one species of Ramapithecus, R. punjabicus (Fig. 1), is 
represented in Siwalik rocks; the genus is found in the Chinji and 
Nagri Formations, and possibly in rocks equivalent to the Dhok 
Pathan Formation. The probable age range is 13—8.5 Myr. 

[he new material from the Potwar Plateau helps considerably 
In understanding previous finds as well as adding significant new 
information. Particularly fine specimens are the adult mandibles 
GSP 4622 4857 from locality 182 and GSP 9562/9902 from 


aL 
Table 3 Distribution of hominoid parts 








Part preser ed Specimens 


Cranial 


Associated maxillae and mandibles | 
\dult maxillae 4 
\dult mandibles 9 
Infant mandibles ? 
Isolated teeth 
|! 6 
( g 
p+ 4 
Mi! 6 
M- |] 
M» 6 
| ä , 
ras 
P, | 
P | 
M. | 
M., | 
M, $ 
Postcranial 13 
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Table 4 Tooth measurements on hominoid maxillae 
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Ramapithecus, and occlusal surface enamel is thick (about 3.5 mm 


on the mandibular buccal cusp of GSP 7144). 
= Specimens of Sivapithecus indicus (Fig. 2) are known from 


977; 

ila a oo ge i deposits ranging between about 13 and 8 Myr. Several relatively 
complete new specimens (especially GSP 9977/01/05/9564 from 
G md 2 locality 260) facilitate mandibular and lower facial recon- 
r Ra 142 34 i46 structions. Tooth rows are subparallel with broad incisor regions 

= tr IOR 108 10.7 and postcanine tooth rows that are markedly concave bucally. 
p3 md 9.3 9.3 9.2 9.2 9.5 Occlusal morphology in S. indicus resembles the other genera, 
bi 11.8 143 1l}? i 11.6 although molars are somewhat broader and there are other minor 
ps m a a er differences. Occlusal surfaces are constricted on cheek teeth with 
Mi md us r Adi Bo J24 marked buccal and lingual flare; enamel is thick (about 3 mm on 

bi 13.3 13.3 {2.8 = 13.1 mandibular buccal cusps). 

M? md 135 136 12.5 137 Canines are projecting and moderately dimorphic and exhibit 
Ma her oe ae ro x mesial, distal and apical wear; P4s are closely approximated to the 
bi B7 Bs 13.8 canines, their long axes rotated to lie about 45° to the mesio-dista! 





locality 260, and an infant mandible. GSP 12709, also from 
locality 260. These specimens show that the incisor region was 
very narrow in Ramapithecus, canines small, anterior premolars 
and canines closely packed together, and postcanine tooth rows 
and mandibular corpora posteriorly divergent. Most teeth in the 
upper and lower dentitions are now known. Certain features are 
worth noting: P; has a small but distinct lingual cusp, and its long 
axis is oriented at some 45° to the mesio-distal line of the tooth 
row. Unworn cheek teeth resemble thoses of Australopithecus and 
Homo quite strongly, particularly the maxillary molars. Occlusal 
surfaces are constricted and there is marked buceal (mandibular 
teeth) and lingual (maxillary) flare in unworn specimens (compare 
ref. 13). Occlusal surfaces broaden with wear and can be almost 
flat and still show no dentine. This is because occlusal enamel is 
very thick (between 2.5 and 3.0 mm on mandibular buccal cusps), 
as shown in a few broken specimens (GSP 8926) and by com- 
parison of unworn and worn homologues of similar size. Mandi- 
bular rami are relatively robust; symphyses have marked superior 
and inferior transverse tori. 

Gigantopithecus bilaspurensis (Fig. 1) is based on a complete 
mandible from the Haritalyangar area. It is likely to have an age 
of around 8.5 Myr! ?-'°, and is not significantly younger than the 
other hominoid primates from that area. 

One partial molar from locality 311, GSP 7144, is tentatively 
assigned to Gigantopithecus, as is a previously deseribed molar, 
GSI DI75 from Alipur near Hasnot'*. Both are probably 
9.0-10 Myr old. Occlusal morphology is rather similar to that of 


line of the tooth row. Mandibular rami are deep; the symphysis ts 
long with a prominent inferior transverse torus and a panel) 
small superior transverse torus. 

S. sivalensis is the most enigmatic of the Siwalik hominoids and 
it is not absolutely clear that it exists as a separate species. 

Parts of 13 hominoid postcranial bones (Fig. 3) have been 
collected so far and fit into three size groups. The largest specimen 
is a partial distal right humerous, GSP 12271, with the lateral 
supracondylar ridge, lateral epicondyle, capitulum and radial 
fossa preserved entire, and the coronoid and olecranon fossae and 
trochlear surface preserved in part. In its size and morphological 
features this specimen is similar to the distal humerus of adult 
female gorillas. Eight specimens are close in size to the corres- 
ponding bones of adult pygmy chimpanzees. This group includes 
a partial distal right humerus, GSP 6663, with parts of the 
capitular and trochlear surfaces preserved. Hindlimb specimens 
include a femoral head, GSP 6178, a femoral head plus part of the 
neck, GSP 11867, the proximal, mid-shaft, and distal non- 
articular parts of a right femur, GSP 12654, a left intermediate 
cuneiform, GSP 6454, and the distal end of a proximal! hallucial 
phalanx, GSP 6664. These specimens, together with two distal 
ends of phalangeal bones, GSP 6666 and GSP 13168, show some 
morphological similarities to extant hominoid species, although 
these are not as marked as in the case of the large specimen. Three 
fossils are smaller. One of them, a partial left radius, GSP 7611, is 
clearly juvenile. A parttal right talus, GSP 10785, which includes 
most of the trochlear surface, the lateral process, and most of the 
posterior calcaneal articular surface, and a partial femoral head, 
GSP 9894, come from approximately adult macaque-sized ani- 
mals, Itis not certain that they are from adults. A partial calcaneus, 
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Table 5 Measurements of hominoid mandibles 


9564/9905 13165 


4622/48 


4230 9563/9902 6153 6160 


tr 19, R 
P max 11.2 11.0 
tr 7.0 7.0 
¢ 8.1 8.5 
Ps T rta) 9.5 9.8 
M- md *13.0 Be 13.0 11.5 10,5 10.3 HLI 
' bl +200) +109 9.5 * 95 98 
M; md IAS) 14.0 12.7 14.7 12.7 12.4 12.7 
j bi PA JLT 10.5 12.7 10,7 10,9 10.7 
M; md 15 Sq ) *14.5 12.9 = z 12.3 13.7 
i bi : > 5 ~ 10.8 =e- 
Breadth at Č gio 22.5 ee 
Breadth at M; *47 48.0 *40 4 
Symphysis 
Depth 52.5 *30.0 *34 
Thickness 20.0 15.0 *16 
AUP, | 
Depth 43.5 34.0 30.5 *28 
Thickness 15.5 15.0 13.0 *14 > 
ALM, | i 
De pth 42.5 31.0 30,5 o 
Thickness 24,0 20.0 23.5 
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*Estimated values. 
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GSP 4664, shows a number of equivocal morphological features 
and is not included in any of the three groups. 

None of these specimens was found in direct association with 
cranial or dental material. Because only three different sized 
primate species are definitely represented by cranial and dental 
specimens, however, the largest postcranial specimen is pro- 
visionally assigned to Gigantopithecus cf. bilaspurensis, the in- 
termediate sized group to Sivapithecus indicus, and the smaller 
specimens to Ramapithecus punjabicus (remembering that some of 
these specimens may represent juveniles of the middle size group). 
It is significant that the Gigantopithecus humeral fragment and 
many of the Sivapithecus specimens come from locality 311; 
dental remains from that locality include our only Gigantop- 
ithecus specimen and five Sivapithecus indicus (Table 2). 

If the postcranial remains are correctly subdivided and if they 
are associated with the three size groups based on gnathic and 
dental remains, some interesting conclusions can be drawn. 

First, all hominoid species in the Siwaliks apparently have 
cheek teeth with very thick occlusal enamel. Second, all are truly 
megadont, in that cheek teeth are very large relative to body size. 
In these two features, the Siwalik hominoids resemble Plio- 
Pleistocene hominids and differ from pongines and the Miocene 
hominoids now assigned to Dryopithecinae (sensu strictu, see 
below). Third, these species share a basically similar occlusal 
morphology. 

The Siwalik hominoids subdivide into two groups, mainly on 
the basis of anterior tooth size. S. indicus has relatively large 
incisors and, like S. siva/ensis, large dimorphic canines; Ram- 
apithecus and Gigantopithecus species have relatively small in- 
cisors, (probably) non-projecting and (probably) moderately 
dimorphic canines. 


Other hominoid material 


New ideas and new hominoid fossil remains recovered during the 
past decade suggest that earlier, simpler schemes of hominoid 
evolution need to be modified. These changes can be summarised 
briefly as follows. 

(1) Important dental differences between later hominids and 
living pongids lie less in arcade shape and incisor size as often 
stated in the past, but in relative tooth size and occlusal enamel 
thickness. Living apes have U-shaped dental arcades, living 
humans parabolic ones. Such arcade shapes are rarely found in 
other Neogene hominoids, the predominant form being some 
variant of a V-shape. Incisor size also seems to have been rather 
variable at all phases of hominoid evolution. More important, the 
apes, like almost all other non-human higher primates, have 
relatively small cheek teeth with thin enamel, perhaps an adap- 
tation to predominantly browsing diets. Pliocene and earlier 
Pleistocene hominids in contrast have large cheek teeth with thick 
enamel (Homo sapiens has evolved small cheek teeth relatively 
recently). Apes have large tusk-like sexually dimorphic canines; 
hominids have small, somewhat incisiform canines exhibiting 
considerably less sexual dimorphism. 

(2) New discoveries in east Africa, and new analyses of earlier 
finds in Africa and Europe, suggest that early apes were con- 
siderably more diverse than previously believed! 5. Classifying 
them in only one genus, Dryopithecus, obscures this diversity. 
Thus at least three genera (Proconsul, Rangwapithecus and 
Limnopithecus) should probably be recognised in east Africa 
during the early and middle Miocene, separated from Dryo- 
pithecus, at least two species of which are found in middle 
Miocene deposits in Europe. These species can all be placed 
conveniently in the Dryopithecinae (or Dryopithecidae). All have 
dentitions basically like those of the living African pongids, with 
thin enamel and, if postcranial remains are correctly allocated, 
relatively small cheek teeth. Canine-premolar complexes are like 
those of modern apes. 

Postcranial material of this group has proved difficult to 
interpret in a framework heavily dependent on comparisons with 
modern primate groups'®. The fossil species were probably 
arboreal, and seem to be qualitatively different from living apes, 
being more ‘monkey-like’ in certain ways; they are probably best 
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viewed as truly primitive relative to modern hominoids. 

Where palaeoecological contexts can be inferred plausibly, 
dryopithecine species seem to have been associated with pre- 
dominantly forest floras and faunas! 5. Adaptively this rather 
diverse group was probably more like living ceboids or cerco- 
pithecoids than the low-diversity modern hominoids. 

(3) Besides dryopithecines, other kinds of hominoids are 
present in the Old World middle Miocene. New material from 
Hungary'’, Greece'*, Turkey'!®, Kenya? and China together 
with the specimens described here from Pakistan as well as earlier 
fossils from Europe and Africa show that thick-enamelled and (at 
least for those with postcranial remains) megadont hominoid 
species were widely distributed between 14 and 8 Myr ago, 
probably in predominantly non-forested habitats. During this 
time cercopithecoid monkeys seem to have been absent from 
Eurasia, and not particularly diverse in Africa?', 

This thick-enamelled middle Miocene cluster of species can be 
divided into two groups. One, consisting of species variously 
described as Sivapithecus, Bodvapithecus, Ankarapithecus and 
Ouranopithecus contains forms that are rather more ape-like, with 
large and sexually dimorphic canines. More than one generic 
name is probably necessary to reflect adequately the diversity of 
this group, which would be termed Sivapithecinae (or Siva- 
pithecini). The other group would contain species described as 
Gigantopithecus, Ramapithecus and Rudapithecus (at least), forms 
with canines smaller and less dimorphic than those of pongines, 
dryopithecines or Sivapithecus-group species, although perhaps 
more so than australopithecines. Canine-premolar complexes 
resemble those of ‘primitive’ australopithecines??. This cluster 
would be termed Ramapithecinae (or Ramapithecini). 

(4) Recent discoveries suggest very strongly that the story of the 
Plio-Pleistocene hominids was more complex than previously 
thought. Between about 3.75 and 1 Myr ago several hominid 
lineages seem to have coexisted, certainly in Africa and possibly in 
Asia too?3. These species have been classified in both Australo- 
lithecus and Homo, but are characterised by certain shared 
features: reduced canines exhibiting moderate size dimorphism, 
enlarged and thick-enamelled cheek teeth, relatively enlarged 
brains (compared with dryopithecines and pongines at least), and 
a postcranial skeleton showing numerous adaptations to habitual 
bipedalism. At least one of these species, by at least 2 and perhaps 
2.5-3 Myr ago, made stone tools. 

It has been increasingly realised that these socalled Plio- 
Pleistocene hominids are not to be regarded merely as ‘diminutive 
humans’ but as creatures, although recognisably hominid, qualit- 
atively different from middle and late Pleistocene hominids. They 
are a diverse group of truly primitive species. 

The oldest specimens with teeth similar to those of Australo- 
pithecus or early Homo species (and distinguishable from those of 
the Sivapithecus or Ramapithecus groups) come from Lukeino 
and Lothagam in Kenya and are between 5 and 7 Myr old24-25, 

The period after about 7 Myr ago is one during which 
australopithecines and early hominines diversified: Sivapithecus- 
group and Ramapithecus-group species are so far unknown. In 
both Africa and Eurasia cercopithecoid monkeys, especially the 
more open-country types, become abundant for the first time. 


Synthesis 


Current knowledge of hominoid evolution suggests a tentative 
taxonomic and phylogenetic scheme that reflects the important 
advances of the past decade. These are summarised here by D.P. 
First, Neogene hominoids were, during most of their evolution, 
a relatively diverse superfamily. Second, extinct hominoids were 
not identical with, nor, in some cases, particularly similar to living 
hominoids, and to interpret extinct hominoids as though they 
were very ‘modern’ is potentially misleading. Third, it is very 
difficult to draw exact ancestor-descendant relationships given the 
complexity of the picture at any given time, the differences 
between descendants and available ancestral candidates, and the 
still substantial gaps in the fossil record. Rather, each radiation 
should be studied for its own sake in order to understand it as an 
adapted and successful group..Fourth, clearly the two taxonomic 
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categories into which living large hominoids are normally sub- 
divided, Pongidae and Hominidae, cannot be imposed on earlier 
Neogene species without suppressing important information and 
obscuring evolutionary concepts. 

A minimum of six clusters of species is needed to describe the 
diversity of Neogene large hominoids, and these can be classified 
as tribes or subfamilies. 

(1) Ponginae: the living great apes. (2) Dryopithecinae: species 
from Africa and Europe, ranging in age from about 23 to 9 Myr, 
sharing dental features with pongines but differing in many 
postcranial characters: (3) Sivapithecinae or Sivapithecini: spec- 
ies from Eurasia and Africa, ranging in age from around I5 to 8 
Myr. sharing dental features with both pongines and dryo- 
pithecines on the one hand and with australopithecines and early 
hominines on the other: (4) Ramapithecinae or Ramapithecint: 
Eurasian and African species resembling sivapithecines and 
australopithecines about equally in dental features; (5) Austra- 
lopithecinae: species from Africa and possibly Asia ranging in age 
from at least 3.75 (and perhaps as much as 7) to | Myr: (6) 
Homininae: essentially similar to Australopithecinae in dental, 
cranial and postcranial morphology. 

Figure 4 shows these groups distributed along temporal and 
qualitative morphological axes; the latter axis is shown as 
unidimensional although it is, of course, multidimensional. Three 
alternative phylogenies are indicated on the diagram in order of 
decreasing probability (in my opinion). Although definite re- 
lationships between the middle Miocene and Pho-Pleistocene 
hominoids are unclear because of gaps in the hominid record 
between 8 and 4 Myr and the pongid record after 9 Myr, I believe 
that the major groups as defined here represent at least some of 
the grades through which modern hominoids evolved. Phylogeny 
A is the most probable; I regard phylogenies B and C as less 
probable, although plausible. 

I suggest the following classification of large Hominoidea, a 
compromise of ‘vertical’ and ‘horizontal’ philosophies?®. (1) 
Pongidae; (2) Dryopithecidae: including Dryopithecinae and 
older, more primitive hominoids; (3) Ramapithecidae: Sivapithe- 
cinae (or Sivapithecini) and Ramapithecinae (or Ramapithecini); 
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(4) Hominidae: Australopithecinae and Homininae. 

The classification is flexible in that it is compatible with any of 
the three phylogenies suggested in Fig. 4. Whether or not the four 
groups are classified as families, subfamilies or tribes, they should 
be coordinate. As the fossil record improves | expect that certain 
(perhaps known) members of Ramapithecidae and Hominidae 
will prove more conclusively to be ancestors and descendants 
(that is phylogeny A in Fig. 4 becomes more probable), in which 
case some workers might wish to include those (or all) ram- 
apithecids in Hominidae. Finally, two important points should be 
re-emphasised. A rigidly dichotomous classification of Neogene 
large hominoids is not only inappropriate but potentially mislead- 
ing. And the living hominoids are rather aberrant forms when the 
total array of Neogene large hominoids ts considered. 

This work was supported by NSF, SFCP, the Government of 
Pakistan, the Geological Survey of Pakistan, Yale University and 
NERC. Special thanks go to E. L. Simons and B. Lipschutz. 


Received 8 August; accepted IE October 1977. 


i. Pilbearn, D. eral Nature 270, 684-689 (1977), 
2. Pilbeam, D. Les Plus Anciens Hominidés (eds Tobias, P. V, and Coppens, Y.) 39-59 (Centre 
National de la Recherche Scientifique, Parts, 1976}. 
. Berggren, W. A. & Van Couvering, J. Palueogeogr. Palaeoclimatol, Palaeoecol, 16, no. 1/2 
(1974), 

| Krynine, P. Am. J. Sei. 34, 422-446 (1937). 

Lewis, či, E. Am. J. Sci, 33, 191-204 (1937). 

. Tattersall, 1. Narure 221, 451-452 (1969), 224, 821-822 (1969), 

Prasad. K. N. Nuinre 232, 413-414 1979). 

. Banerjee, D. Rev. Palaeobotan, Palynol. 6, 111-176 (1968). 

Nandi, B. Himalyan Geol. $, 44 1-424 (1975), 

. Johnson, O. D. Geol, Rundschau, 66, 192-216 (1977), 

. Schaller, G. The Deer and the Tiger (Chicago University Press, 1967). 

. Simons, E. L.J. Hum. Evel. 8, 544-828 (1976). 

. Simons, £. L. Proc. natn. Acad. Sei U.S.A, $1, 828-535 (1964). 

. Pilgrim, G. E. Rec. Geol, Surv. India 48, 1-74 (1915). 

18. Andrews, P. & Van Couvering, J. Approaches ta Primate Paleobialogy (ed. Szalay. F.}, 62-103 
(Karger, Basel, 1975), 

i6. McHenry, H. & Corruccini, R. Folia Primal. 23, 227-244 (1975). 

ET Kretzot, M. Nature 287, 578-58] (1975). 

18. de Bonis, L. & Melentis, J. C. r. Lebd, Séanc. Acad. Sci, 284, 1493-1396 (1977). 

19 Tekkaya. 1. Bull. Min, Res. Expl. inst. Turkey no. 83, 148-165 (1974), 

270. Andrews, P. & Walker. A. in Human Origins (eds Isaac, G. & MeCown, E.) 279-304 
(Benjamin, New York, 1976). 

24. Delson, E. Approaches to Primate Paleobiology (ed Szalay, F.) 167-217 (Karger, Basal, 1973). 

22. Johanson. D. & Taieb, M, Nature 260, 293-297 (1976). 

23. Leakey, R. & Walker, A. Nature 261, 972-574 (1976). 

24, Behrensmeyer, A. Earliest Man and Environments in the Lake Rudolf Basin (eds Coppens, Y. 
Howell, F.. Isaac, G. & Leakey, R.) 163-170 (Chicago University Press, 1976). 

28. Pickford, M, Nature 286, 279-284 (1975), 

26. Simpson, G. G., Principles of Animal Taxonomy (Columbia University Press, New York, 
1961). 


Aat 


oie Sak Gb som OB AD D ok ON ha be 


Meme aam amem premi ce 








A mutation that impairs the ability of lipoprotein 


receptors to localise in 


coated pits on the cell surface of human fibroblasts 
Richard G. W. Anderson, Joseph L. Goldstein & Michael S. Brown 


Departments of Cell Biology and Internal Medicine, University of Texas Health Science Center, 5323 Harry Hines Boulevard, Dallas, Texas 75235 














Low density lipoprotein is taken up by cultured human 


fibroblasts through an endocytic process that requires the 


binding of the lipoprotein to specific receptors located in 
coated pits on the cell surface. The coated pits are discrete 
segments of the plasma membrane that can undergo rapid 


invagination to form coated endocytic vesicles. In one form of 


the human genetic disorder familial hvpercholesterolaemia, 
the responsible mutation produces altered lipoprotein re- 
ceptors that lack the ability to become incorporated into 
coated pits. Instead, these mutant receptors are scattered at 
random over the entire plasma membrane. Because of their 
mislocation on the cell surface, the mutant lipoprotein 
receptors are unable te carry their bound lipoprotein into the 
cell, The occurrence of this ‘receptor mislocation mutation’ 
provides strong evidence for the role of the coated pit in the 
receptor-mediated uptake of lipoproteins. The data also 
have implications for the structure and assembly of plasma 


membranes in mammalian cells., 
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COATED pits on the cell surface constitute specialised membrane 
regions that mediate the uptake of macromolecules through 
adsorptive endocytosis'~>. In cultured human fibroblasts, these 
coated pits appear in thin-section electron micrographs as short 
(0.5 um) segments of the plasma membrane where the membrane 
is indented, thickened, and coated on its cytoplasmic surface by a 
filamentous material that frequently assumes a spike-like 
configuration*°-’. Using the freeze-fracture/deep-etching tech- 
nique, the coated pits have also been visualised in two dimensions 
on the fibroblast surface where they appear as shallow, crater-like 
depressions that occupy about 2% of the surface area. In freeze- 
fracture preparations, the membrane of these coated pits can be 
distinguished from the membrane in noncoated regions by the 
presence of a higher concentration of intramembranous 
particles? 5. 


Coated pits as site of lipoprotein receptors 

In human fibroblasts, coated pits of the plasma membrane have 
been shown by both conventional transmission electron micro- 
scopy**:’ and freeze-etching techniques?* to contain specific 
receptors for low density lipoprotein (LDL), the predominant 
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transport protein for cholesterol in human plasma. Through the 
use of LDL covalently coupled to ferritin, we recently de- 
monstrated that 50-80% of LDL receptors are concentrated 
within the 2%, of cell surface that constitutes the coated pits**’’, 
The LDL-ferritin bound to its receptor in coated pits is in- 
ternalised within several minutes when the coated pits invaginate 
to form coated endocytic vesicles*. The coated vesicles containing 
LDL migrate through the cytoplasm until they fuse with lyso- 
somes*. The lysosomal acid hydrolytic enzymes then cleave the 
cholesteryl esters and release the free cholesterol of the lipoprotein. 
The liberated sterol becomes available for metabolic utilisation by 
the cell (for review, see refs 8, 9). 

On the basis of previous studies, we postulated that the rapid 
internalisation of receptor-bound LDL is strictly dependent on 
the localisation of LDL receptors in coated pits*. We also 
suggested that these coated pits may contain other cell surface 
receptors and that the invagination of these pits into the cell every 
few minutes would provide a mechanism by which a variety of 
receptor-bound molecules could be transported rapidly into the 
cell and delivered to lysosomes*. A corollary of this hypothesis is 
that if a receptor were not contained within such a coated pit 
region, then it would not be able to transport its bound ligand to 
cellular lysosomes with high efficiency. 


Role of R*+“ allele in internalisation of LDL 


Recently, a human mutation that allows testing of the above 
hypothesis has been discovered. This mutation was observed in 
fibroblasts cultured from a 14-yr-old (J.D.) who has the clinical 
phenotype of homozygous familial hypercholesterolaemia (FH), 
a hereditary disorder characterised by a marked increase in the 
plasma level of LDL'®. Unlike 30 other subjects with the 
homozygous form of FH whose fibroblasts exhibit a primary 
defect in the binding of LDL to the receptor'!, J.D.’s cells bind 
normal amounts of '?*I-labelled LDL at the receptor site, yet the 
receptor-bound lipoprotein fails to be internalised and con- 
sequently it is not degraded within cellular lysosomes'®. This 
uptake defect is specific for LDL since the J.D. cells show normal 
bulk-fluid endocytosis of '*C-sucrose and '**I-labelled gamma 
globulin’? as well as normal receptor-mediated binding, in- 
ternalisation, and lysosomal degradation of '**I-labelled human 
epidermal growth factor, a molecule that is metabolised by 
human fibroblasts in a manner similar to LDL (ref. 12 and our 
unpublished observations). 

Biochemical studies of the fibroblasts of J.D.’s family members 
have disclosed that J.D. possesses two different mutant alleles at 
the LDL receptor locus'*. From his mother, he has inherited the 
R” allelle that specifies a receptor molecule that is unable to bind 
'251-LDL normally and is thus biochemically silent. From his 
father, he has inherited the R°** allele that specifies a receptor 
that can bind '**I-LDL normally but cannot facilitate the 
internalisation of the receptor-bound lipoprotein. Because these 
two defects fail to complement each other in J.D. (genotype, 
R® /R>*-"), we reasoned that they represent allelic mutations that 
disrupt different sites on the LDL receptor protein. The R™ 
mutation involves the site necessary to bind LDL, and the R®*” 
mutation involves a site necessary to couple the binding and 
internalisation processes! >, 


R*+“ allele is a ‘receptor mislocation mutation’ 


The discovery of the R®**" allele raises intriguing questions as to 
the relation between the mutant receptors specified by that allele 
and the coated pit of the plasma membrane. Accordingly, we have 
used LDL labelled with ferritin and '7*I to examine the localis- 
ation of LDL receptors in the J.D. cells at the electron micro- 
scopic and light microscopic levels, respectively. The results 
indicate that the R°*" mutation in the J.D. cells affects the LDL 
receptor in such a way that it cannot be incorporated into coated 
pits. The ‘resultant mislocation of LDL receptors on the cell 
surface precludes the endocytosis of the receptor-bound lipo- 
protein, 
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Figure la shows a deeply invaginated coated pit of a normal 
fibroblast as it appears in thin sections of cells that have been 
incubated with ferritin-labelled LDL for 2 h at 4 °C, then fixed, 
and embedded while still in monolayer culture. Typically, most of 
the LDL-ferritin particles (open arrow) are clustered within the 
coated pit. In this experiment approximately 85°, of the identifi- 
able coated pits contained LDL-ferritin particles. In the J.D. 
fibroblasts (Fig. 14), the coated pits were indistinguishable from 
the coated pits observed in normal cells (Fig. la and refs 4, 6, 7). In 
particular, their size, configuration, and distribution over both 
the top and bottom surfaces of the cell appeared the same in the 
J.D. and normal fibroblasts. In two experiments in which at least 
2 mm of cell surface were examined per experiment, the number of 
coated pits per mm in the normal and J.D. cells incubated at 4 °C 
averaged 27 (25 and 29) and 19 (22 and 16), respectively. In two 
experiments in which the cells were incubated at 37 °C, the 
number of coated pits per millimetre of cell surface in the norma! 
and J.D. cells averaged 13 (11 and 14) and 10 (10 and 10), 
respectively. The lower number of identifiable coated pits in 
normal cells at 37 °C as compared to 4°C has been noted in 
previous studies and presumably is due to an altered morphology 
at the two temperatures*. 

Despite a normal appearance and nearly normal number of 
coated pits in the J.D. cells, virtually no LDL-ferritin was bound 
in these specialised membrane regions (Fig. 1b). Rather, as shown 
in Fig. le and d, in the J.D. cells LDL-ferritin particles (open 











Fig. 1 Electron micrographs that show the localisation of LDL- 
ferritin on the cell surface of normal (a) and J.D.'s (b-d) fibroblasts. 
Monolayers of fibroblasts were prepared in 60 x 15 mm Petri dishes 
as previously described* and used for experiments in the late 
logarithmic phase of growth after a 48-h incubation in the presence 
of 5% (v/v) human lipoprotein-deficient serum?*. On the day of the 
experiment (day 7 of cell growth), monolayers were cooled to 4 °C 
for 30 min. The medium was removed and replaced with 2 ml of ice- 
cold growth medium containing 5% human lipoprotein-deficient 
serum and LDL-ferritin at a concentration corresponding to 
58 ug ml ' of LDL-protein. After incubation at 4 °C for 2 h, each 
monolayer was washed five times at 4 °C withsice-cold phosphate- 
buffered saline, fixed in situ with 2°, glutaraldehyde in 0.1 M sodium 
phosphate buffer (pH 7.3), embedded in situ, sectioned, and stained 
for electron microscopy**. The LDL-ferritin complex was prepared 
as previously described*°. By negative staining electron microscopy, 
2 to 3 ferritin particles were coupled to each LDL particle. The open 
arrows denote LDL-ferritin particles. The solid arrows denote the 
layer of serum proteins that coats the surface of the culture dish. 
000 x . 
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Table | Quantitative analysis of binding of LDL-ferritin to coated pits of plasma membrane of normal and mutant fibroblasts 





'?5]-LDL bound 
(ng per mg protein) 


Ferritin cores bound 
(no. per mm of cell surface) 


In coated In non-coated "s of bound ferritin 
pits regions Total cores associated 
Cell strain Genotype (a) (b) (a+b) with coated pits Total High affinity 
Normal +/+ 186 195 381 49° 130 125 
Normal +/+ 186 165 351 53% 121 116 
J.D. RARS? 10 342 352 3%, 99 93 
Father of J.D. +/R°** 112 444 556 20", 194 188 





Cell monolayers were prepared as described in the legend to Fig. 1. On the day of the experiment (day 7 of cell growth). the fibroblast monolayers were 
cooled to 4 °C for 30 min. The medium was removed and replaced with 2 ml of ice-cold growth medium containing 5°, lipoprotein-deficient serum and 
either LDL-ferritin (58 pg ml ' of LDL-protein) or '?*1-LDL (5 ug ml ~' of LDL-protein, 212 c.p.m. per ng protein). The '?*1-LDL was added in the 
absence and presence of 300 ug protein per ml of unlabelled LDL. For the dishes that received LDL-ferritin, the monolayers were washed, fixed, 
embedded, and sectioned for electron microscopy as described previously*®. Quantitation of the LDL-ferritin binding was performed on unstained 
sections as previously described® except that the sections were mounted directly from the diamond knife boat on to 100/400 mesh grids. Each value 
represents the average of duplicate monolayers. A total of about 2 mm of cell surface membrane was counted for each monolayer. For the dishes that 
received '?°I-LDL, the monolayers were washed six times at 4 °C with an albumin-containing buffer'*, and the amounts of total and high affinity '**1- 
LDL bound to the cell surface were determined as previously described'*. The values for high affinity '*°I-LDL binding were determined by subtracting 
values for nonspecific binding from the values for total binding. The values for nonspecific binding represents the amount of '251-LDL bound to the 


monolayers in the presence of the 60-fold excess of unlabelled LDL. All values represent the average of data obtained from duplicate monolayers. 


arrows) were bound in a random fashion at intervals along the 
plasma membrane remote from the coated pits. 


Quantitative analysis of LDL-ferritin binding 

To confirm these qualitative findings by quantitative methods, 
fibroblasts from two normal subjects (+/+), from J.D. 
(R”/R°*), and from J.D.’s heterozygous father (+/R°*"' ) 
were incubated with LDL-ferritin at 4 °C, washed extensively to 
remove nonspecifically bound material, and fixed in monolayer 
culture. Sections of the cells were prepared and examined at 
random by an observer who was unaware of the source of the 


specimens and the experimental design. Linear segments of 


plasma membrane totalling 4mm in length were examined and 
the number of LDL-ferritin particles localised within coated pits 
or found on non-coated regions was recorded. As a part of the 
same experiment, one set of dishes from each genotype was 
incubated with '**I-LDL and the amounts of total and high 
affinity '?°I-LDL binding to the LDL receptor were measured 
biochemically at 4 °C as previously described'*. Table | shows 


that in the two normal cell strains (+/+), approximately 50°, of 


the LDL-ferritin was bound over recognisable coated pits. In the 
J.D. cells (R /R°**' ), the total amount of LDL-ferritin binding 
(as well as that of '*°1-LDL) was only slightly lower than that in 
the normal cells, but only 3°, of the LDL-ferritin particles were 
found in coated pits. In the cells from J.D.’s father (+ /R°*"" ), the 
total amount of LDL-ferritin binding (as well as that of '7°I- 
LDL) was greater than that in the normal cells (Table |). But, the 
percentage of LDL-ferritin bound in coated pits was only half as 
much as in normal cells (20% compared with 50°,). This latter 
ultrastructural finding is consistent with previous biochemical 
data demonstrating that the cells of J.D.’s father contain two 


populations of LDL receptors: one population (the product of 


the normal allele) that internalises LDL normally'* and is 
presumably incorporated normally into coated pits and a second 
population (the product of the R°®** allele) that fails to in- 
ternalise receptor-bound LDL’ > and, in the current studies, seems 
to be excluded from the coated pits. 

The quantitative and qualitative electron microscopic obser- 
vations indicate that the defective internalisation of LDL in the 
J.D. cells is due to an inability of the LDL receptors specified by 
the R°* allele to localise in coated pits. This conclusion was 
supported by additional experiments in which the disappearance 
of LDL-ferritin from the cell surface was quantified. In one of 
these experiments, formal cells and J.D. cells were incubated with 
LDL-ferritin at 4 °C for 2 h, washed, and then warmed to 37 °C 
for varying intervals before fixation. At each interval, the number 
of LDL-ferritin particles remaining on the cell surface was 
counted as previously described**. In the normal cells the 
number of surface-bound LDL-ferritin particles declined by 75", 
after the cells had been warmed: for only 2 min. As previously 


reported*, this disappearance of LDL-ferritin from the surface of 
normal fibroblasts is attributable to the internalisation of the 
lipoprotein in coated endocytic vesicles. In contrast to the results 
in the normal cells, the amount of LDL-ferritin bound to the 





Fig.2  Autoradiograms of normal (a-c) and J.D.'s (d-f) fibroblasts 
exposed to '**I-LDL for 2h at 4 °C and then warmed to 37 °C for 
various times. Monolayers of fibroblasts were prepared in 
60 x 15 mm Petri dishes and incubated for 48 h in 5°, lipoprotein- 
deficient serum as described in Fig. | except that the cells were grown 
on glass coverslips (22 x 22 mm) as previously described*. On the day 
of the experiment (day 7 of cell growth), monolayers were cooled to 
4 °C for 30 min. The medium was removed and replaced with 2 ml of 
ice-cold growth medium containing 5°, human lipoprotein-deficient 
serum and 10 ug protein ml! of '**I-LDL (276 c.p.m. per ng 
protein)?*. The monolayers were incubated af 4 C for 2h, after 
which each dish was washed six times at 4 C with an albumin- 
containing buffer as previously described'*. Some sets of coverslips 
were fixed immediately (a and d), while others received 2 ml of 
growth medium containing 5°, human lipoprotein-deficient serum 
and were warmed to 37 °C in the Petri dish for either 10 min (b and e) 
or 60 min (c and f) before fixation. The fixative was 6°,, parafor- 
maldehyde in 0.1 M sodium phosphate buffer (pf 7.3)*. The 
coverslips were prepared for autoradiography as previously de- 
scribed*. The exposure time was 2 weeks at 4 C. Autoradiograms 
were examined with an American Optical Microstar 10 and photo- 
graphed with a Polaroid camera. 1.000 x. 
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Fig.3 Schematic illustration of the proposed pathway by which 
LDL receptors become localised to coated pits on the plasma 
membrane of human fibroblasts. The sequential steps in this process 
are as follows: (1) synthesis of LDL receptors on polyribosomes, (2) 
insertion of LDL receptors at random sites along non-coated 
segments of plasma membrane, (3) clustering together of LDL 
receptors in coated pits, (4) internalisation of LDL receptors as 
coated pits invaginate to form coated endocytic vesicles, and (5) 
recycling of internalised LDL receptors back to the plasma 
membrane. 


surface of the J.D. cells declined by less than 5°, even after 10 min 
of incubation at 37 °C. 

Localisation of LDL receptors by 
autoradiography 


The failure of internalisation of LDL in the J.D. cells could also be 
demonstrated by light microscopic audioradiography using '?*1- 
LDL. Figure 2a shows a normal fibroblast incubated for 2 h at 
4 °C with '?°1-LDL and then prepared for autoradiography. The 
'2S7.L DL is distributed over the entire cell surface. In the J.D. 
cells the '7°I-LDL was bound similarly (Fig. 2d). When the 
normal cells were warmed to 37 `C for 10 min (Fig. 2b) or 60 min 
(Fig. 2c), there was a progressive increase in the radioactivity over 
the perinuclear area. Previous studies have shown that this 
migration of silver grains reflects the internalisation of the '?°I- 
LDL and its transport to cellular lysosomes*. In contrast, when 
the J.D. cells were warmed for 10 min (Fig. 2e) or 60 min (Fig. 2/). 
there was no increase of the '7°I-LDL in the perinuclear region. 
There was a slight reduction in the number of silver grains over 
the periphery of the J.D. cells with time at 37 °C (compare Fig. 2d 
and f). Previous biochemical measurements have shown that this 
is due to a slow dissociation of intact }*71-LDL from the receptor 
sites at 37 °C'®. 


Implications for the mechanism of interaction of 


cell surface receptors with coated pits 

Our results support the concept that the coated pit is a specialised 
region of the plasma membrane whose function is to undergo 
internalisation at a rapid rate and to carry receptor-bound 
molecules into the cell. The LDL receptors specified by the Re+” 
allele lack the ability to become localised within these coated pits. 
As a result, when LDL binds to these mutationally altered 
receptors, it is not carried into the cell and remains bound to the 
cell surface over non-coated regions of the plasma membrane. 
The mislocation of the mutant receptors specified by the R°* 
allele can be demonstrated conveniently in the cells of J.D. 
(R° /R°*") because the partner allele at the LDL receptor locus 
in J.D. is also mutant (R” ), specifying a receptor that does not 
bind LDL??. . 

The manifestations of the R>*’ mutation suggest that the 
incorporation of LDL receptors into coated pits may be anal- 
ogous to the process by which membrane proteins of certain lipid- 
containing viruses are inserted into patches of host plasma 
membrane before the budding of the virus from the host cyto- 
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plasm'®. In one of the best studied of these viral systems, that of 
vesicular stomatitis virus, the viral surface glycoprotein, G, is a 
transmembrane protein that is synthesised on host membrane- 
bound polyribosomes, glycosylated, and is then inserted at 
random into the host plasma membrane’ * '", These G proteins 
are then clustered together as a patch in association with another 
viral protein, M. which is synthesised in the cytoplasm and coats 
the cytoplasmic side of the plasma membrane. Under the direc- 
tion of the M protein, the nucleocapsid of the virus attaches to the 
patch of viral proteins and the plasma membrane then buds off to 
form a complete viral particle. In the process of coalescence of the 
G and M proteins, the host cell's own plasma membrane proteins 
are excluded from the viral patch. so that the mature viral 
membrane contains mainly virus-coded proteins! 517, 

Figure 3 depicts a proposed working model for the in- 
corporation of LDL receptors into coated pits that is based on the 
above model for viral membrane formation and on current 
concepts of membrane structure'®'", The LDL receptor is 
envisaged as a transmembrane protein that is synthesised on 
membrane-bound polyribosomes and inserted at random sites in 
the plasma membrane, probably after glycosylation in the Golgi 
apparatus. The external portion of the LDL receptor contains the 
binding site for LDL. The cytoplasmic portion contains a specific 
amino acid sequence that is necessary for recognition of the 
receptor as a component of coated pits. After their insertion into 
the plasma membrane, the receptor molecules that contain the 
proper recognition sequence are gathered together and in- 
corporated into coated pits under the influence of unknown 
peripheral membrane proteins that interact at the cytoplasmic 
surface of the membrane. It is possible that clathrin, the protein 
that has been identified as the major component of the cytoplas- 
mic coat of coated vesicles*®-?!, functions in this capacity. 

Several aspects of the model in Fig. 3 are worthy of emphasis. 
First, earlier data indicate that the clustering of LDL receptors 
into coated pits is not dependent on the binding of LDL**°. Thus, 
when fibroblasts are fixed with formaldehyde before incubation 
with LDL-ferritin, the majority of receptor sites are still found 
within coated pits®. It therefore seems that the sequence of 
receptor insertion into the plasma membrane. clustering into 
coated pits, and internalisation proceeds continuously whether or 
not LDL is present. Second, kinetic data strongly suggest recycl- 
ing of internalised LDL receptors back to the cell surface. Thus, 
although nearly all of the identifiable LDL receptors on the cell 
surface enter cells within 10 min, they are immediately replaced 
with an equal number of functionally active receptors?:!":!*, This 
internalisation and replacement continues at an uninterrupted 
rate for at least 6 h even when protein synthesis is inhibited totally 
with cycloheximide (unpublished). 

The model in Fig. 3 helps to explain the defect in the mutant 
receptor produced by the R*+" allele. We postulate that this 
receptor is defective in its cytoplasmic portion that contains the 
recognition site for incorporation into coated pits. As a result, 
these mutant receptors are not recognised by the cytoplasmic 
proteins that form coated pits, they remain scattered at random 
along the cell surface, and hence they fail to internalise LDL. 

As stated above, it seems likely that coated pits contain 
receptors for other macromolecules in addition to LDL. For 
example, the kinetics of binding, internalisation, and lysosomal 
degradation of epidermal growth factor'* and transcobalamin 
H??? in human fibroblasts are identical with those of LDL. In each 
case, essentially all of the receptor-bound ligand enters the cell 
within 10 min. On the basis of the model proposed in Fig. 3, we 
hypothesise that the incorporation of each of these receptors into 
coated pits involves a mechanism similar to that proposed for the 
LDL receptor. 

This research was supported by a grant from the US NIH (HL- 
20948). We thank Debra Lieberman and Gloria Y. Brunschede 
for technical assistance. Marian Eastman and Jean Helgeson 
provided help with the tissue culture. 
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Evolution of dynamical 
systems with time-varying gravity 


VARIOUS attempts have been made to place limits on the time- 
variability of gravity through observations of astrophysical ob- 
jects. We demonstrate that contrary to previous studies'*, no 
useful limits can be obtained from observations of N-body 
systems such as galaxies and star-clusters. 

Van Flandern? has analysed over 21 years of lunar occultation 
data while Muller* has studied ancient astronomical observations 
of eclipses from 1374 Bc, to AD 1715. The results of these two 
independent experiments can be combined for cosmologies which 
conserve angular momentum to imply* 


GiG= — 2.6 + 1.5 x 107}! yr"! (1) 


where G is Newton's gravitational ‘constant’. In addition, there 
are several recent field theories involving a time dependent G 
which are compatible with both general relativity and all Solar 
System tests of relativity? ®. 

In order to test these theories and explore the consequences of 
the above mentioned measurements, astrophysical effects of a 
time-dependent G must be examined in old astronomical objects 
that are dominated by gravity. For example, a recent analysis’ of 
the spindown of pulsars with varying G placed a limit on the 
possible weakening of gravity which is just compatible with 
equation (1). 

In another effort to test varying G, a numerical study of the 
dynamics of clusters of galaxies and globular clusters was made 
which found! that ~G/G «4x 107! ! yr~!. In this letter we study 
the evolution of dynamical systems with time varying gravity and 
show that these calculations as well as similar studies? are 
incorrect. We also demonstrate rigorously that, unlike the case of 
pulsar spindown, the dynamics of clusters of galaxies and globu- 
lar clusters cannot place any useful limits on G/G. 

For convenience we can, without loss of generality, keep all 
masses constant, let only G depend on time, and measure time on 
atomic clocks. Then consider a system of point masses, mm, with 
trajectories Rr). The (time-dependent) gravitational constant is 
G(t)= Goa” (t); Go = G(0) with t= 0 denoting the present epoch. 
The equation of motion of the * particle is, in the limit of 
Newtonian mechanics, 


iti 


We define a new time coordinate t by 


t 


tf) = fe “2 dr (3) 


Q : 





We describe the trajectories by r,, defined by R() = R. (1) + 
a(tyr;(t), where R, is the centre of mass of the system. The equation 
of motion now becomes 


d?r, Œr) d?a 
E = X Gom a E ra ae (4) 


The last term in equation (4) is zero if a(t) takes the usual form 
a(t) = (t+ TYT, where T is the age of the universe in atomic time 
as predicted by a given cosmology. When our results are spec- 
ialised to the two-body problem using this form of a(t), we recover 
Vinti’s® solution. For an N-body system with a more general form 
of a(t) we define tg = G/(dG/dt) (tg = T for cosmologies of 
interest) and define tp as the dynamical time of the system. We 
then note that the relative importance of the last term in equation 
(4) is roughly 


~ tel? (5) 


Thus, for any system in which fp < tg œ T (the condition 
required for virial equilibrium) the system evolves precisely as it 
would if G were constant, except that its size and time scales are 
proportional to a(t) and a*(t), respectively. Thus, the ‘qualitative’ 
dynamical evolution of such equilibrium objects as galaxies, 
clusters of galaxies, and globular clusters is not affected by a time 
varying gravity in the Newtonian limit. 

The homologous evolution of equilibrium gravitational systems 
described above is observable, in principle, because expansion (or 
contraction) would increase the r.m.s. velocity of the system by 
about r/tg over the virial equilibrium value. The residual velocities 
would characteristically be proportional to distance from the 
centre of the system. But only when ip < lo œ~ T may we 
invoke the virial theorem. In such cases the residual velocities are 
much smaller than the r.m.s. velocities. Therefore, the virial 
discrepancy caused by a time-variable gravity would probably be 
unobservable, even if a system’s mass could be measured inde- 
pendent of the virial theorem. Lewis? recognised that a time- 
variable gravity creates a virial descrepancy. But he applied this 
idea to loose associations of galaxies in which fp is not small 
compared to /g and for which the virial theorem may not be 
appropriate. 

Our results contradict the work of Dearborn and Schramm'. 
Their numerical results showed that individual members of an N- 
body system could escape as G decreased. Their scheme, however, 
ignored the evolution of the system as a whole, while following the 
orbits of single test particles. Thus, they were unable to recognise 
the homologous development of the system. 

The present results do not apply to the latest version of the 
Dirac cosmologies* since then equation (2) has en additional 
cosmological term which may produce qualitative chagges in the 
system Over cosmological time scales. 

The current properties of collisionless equilibrium systems 
(such as galaxies) cannot be used to place limits on G because, as 
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we have shown, they undergo no qualitative evolution. Obser- 
vations of systems where two-body relaxation is important, such 
as globular clusters, can in principle provide such limits because 
they do undergo qualitative changes with time. But neither 
observations of globular clusters nor the theory of dynamical 
cluster evolution are currently precise enough to produce limits 
comparable to those provided by experiments. We should em- 
phasise that local laboratory and Solar System tests of G are 
quantitative in nature and not subject to the limitations inherent 
in qualitative dynamical tests. 
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ISOTOPIC measurements! in chondritic meteorites have revealed 
that live *®Al was present in the early solar system. 7°AI and 
other reported isotopic peculiarities? * in the meteorite Allende 
could be attributable to explosive nucleosynthesis, sparking 
suggestions!” that a nearby supernova may have contaminated 
the early solar nebula. One explanation for isotopic anomalies in 
early nebular condensates is the injection of supernova grains. An 
advantage of this mechanism is that it could avoid excessive 
dilution of the anomalies by the bulk of the nebula. We examine 
here the early expansion of supernovae to determine the like- 
lihood of grain nucleation and growth. 

Models”? of type H supernovae (SN IH), consisting chiefly of 
an extended low density supergiant envelope, have obtained good 
quantitative agreement with observationally determined! light 
curve time scales, absolute magnitudes and expansion velocities. 
The light curve is generated by the passage of a strong shock wave 
through the envelope. The shock passage through the underlying 
mantle region may cause the production of anomalous isotopic 
compositions during explosive processing'* of these zones, so the 
evolution of the (hydrogen depleted) mantle is of major interest. 

These models’~'* suggest the observed decline in luminosity at 


parency of the expanding envelope. The mantle material may then 
be exposed, and several cases of significant light after this decline 
have been observed'*®. The inferred photospheric radii and 


which include material inside the envelope (ref. 11 and S.F. in 
preparation). Such models indicate mantle densities of 3 x 107 +5 
to 10°'* gem”? by the time cooling to the condensation tempera- 
tures (7. ~ 1,000 K} has occurred. Numerical nucleation calcu- 
lations (J.L. and S.F., in preparation) which include mass 
conservation, expansion and cooling effects, and sputtering imply 
that grain formation occurs when @> Qa = nfa = 10° cm™. Here 
æ is an effective sticking probability, /, the number fraction of 
condensibles, and n the material number density. One condensing 
species has been assumed in these calculations, and no attempt to 
include subsequent coagulation, or chemical or temperature 
effects on « has been made. These calculations suggest that 
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Table | Model characteristics and predicted broadband fluxes at Earth 
dyr) (CK) TAK) R/10Pem tt FAG) EFs 
25 1000 1000 l 23 X ~8) 3.5 — 5) 
3.2 750 750 1.35 24 li—10) 3&5) 
4.5 470 500 2 26 (—14) 23-5) 
8.5 22 250 4 Soe 3.0( ~ 6) 
10.5 195 200 5 2 —— 2.6( — 6) 
20.5 100 100 10) <2 cee S.1(-9) 





*Interval 0,9--1.2 xm, din kpc. 
tInterval 9-12 pm. 


virtually all the mantle (which has nf, ~ 2-10 x 10° cm~?) may 
form grains a year or so after explosion. 

The resulting size distributions are relatively flat and centred 
about sizes a ~ 5x 10°°@/@9 cm. Further growth through con- 
densation is halted by monomer depletion, rather than by 
declining density as previously suggested'®, an assumption which 
led to ax 1~-2x 107° cm. If post-nucleation growth by coagu- 
lation is important'’, sizes of order a x 1-3x10°°cm are 
predicted if the physical parameters of ref. 16 are assumed. But it 
is possible that C/O < 1 in the bulk of this ejecta'®, so graphite 
will not condense and silicate grains dominate. Using our estimate 
for @, the coagulation mechanism leads toa < 10°° cm. Thus SN 
I] seem likely sites for the growth of small grains, perhaps 
containing some isotopically anomalous compositions. In- 
cidentally, these grains are almost certainly too small to trap any 
fission products of the superheavy nuclei which have been 
suggested as responsible for the Xe anomalies in Allende!?-?°. 

The case for type I supernovae is not so favourable. These 
events exhibit light curves with a long-term exponential tail (up to 
600 d, ref. 14) and seem to require a source of continuous heat or 
radiation input. No self-consistent mechanism for explaining 
these features in the absence of a strong continuum +? has yet been 
proposed. One suggestion??? is that ~ 0.1 M of Ni could 
supply this energy by radioactivity. In any case, the energy 
required to explain the light curve requires the ejecta to cool so 
slowly that the density will be too small for effective nucleation??, 
and some observations support these ideas**. The exclusion of 
type I’s as nucleation sites is further strengthened by the sug- 
gestion (J. Scalo, in preparation) that sputtering by energetic 
electrons (Compton scattered by energetic °°Co-decay y rays or 
B*’s) will be sufficient to impede nucleation. 

Grain temperature and hence predicted infrared fluxes would, 
of course, be sensitive to the presence of a radiative source 
underlying the mantle itself, but in the absence of clear indications 
of the requirement of such sources in SN II light curves'°~!?-?5 we 
consider grain heating by inelastic collisions with thermal gas 
particles. The grain temperature 0 can be estimated by balancing 
this heat input with the radiation losses of a grain’®, 


Ò (0,ajo0* ond 0.5 RUM, LIR 


where o is the Stephan constant, v,, the gas thermal velocity, and 
the Planck mean absorption efficiency @ < | for silicate grains in 
this size and temperature range’’. Because Q is small, 8 does not 
differ markedly from the gas temperature T, (7). Fluxes at earth at 
various infrared wavelengths can then be predicted by assuming 
blackbody radiance of an equivalent sphere of radius vr at the 
grain temperature: 


Fe = ab "hy, (et/d)’, 


b, 


ii 


Ld 
AA 0 
is the fraction of Planck emission over A/ at temperature 0, dis the — 
distance, and y; = min (1, t,) is a correction for small optical 
depths, We consider the adiabatic expansion of a 3 Ma mantle, 


®t 
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with initial temperature, density and expansion velocity fit obser- 
vationally inferred photospheric radii and effective tempera- 
tures'*, Table 1 gives model characteristics and predicted brodd- 
band fluxes at Earth for the intervals 0.9-1.2 um and 9.0—12.0 um, 
for selected times in the first several years. No effect on the visual 
light curve is expected, as in the case of some novae?®, because of 
the absence of a strong underlying continuum source. Ground 
based detection of fluxes of 60 mJy are possible at 10 um using a 
60-inch telescope and an integration time of 10 min (A. Harper, 
personal communication). The predicted fluxes lie below this 
current limit for objects further away than about 10-20 kpc, 
implying that observations cannot provide conclusive tests of 
grain formation. 

Grain survival in subsequent stages of SN remnant expansion 
up to encounter with the solar nebula is difficult to analyse 
without any clear model of such an interaction. Deceleration of 
the remnant as it sweeps up interstellar matter leads to the 
formation of a dense neutral shell with leading and trailing 
ionisation edges and associated ionising ultraviolet fluxes*?, and 
rarefaction (reverse shock) waves may produce observed 1-2 keV 
X-ray fluxes*°, but the radiation from such sources or heating by 
hot dilute remnant gas at these late stages has little disruptive 
effect on pre-existing grains*'. Estimates of @ from radiative 
heating by the ultraviolet shell or thermal bremmstrahlung X-rays 
suggest values of only 10K or so. If cosmic ray acceleration 
occurs in the same objects before nebula encounter, the possibility 
for electron sputtering exists (J. Scalo, in preparation), though 
this coincidence cannot at present be established. 

Thus grains produced in such ejecta from a supernova near to 
the early Solar System seem likely to have survived until such time 
as they would encounter the primitive solar nebula. Details of an 
injection mechanism are unknown, and grain survival would 
depend on the extent of turbulence, mixing and clumpiness due to 
fluid instabilities like the Rayleigh-Taylor instability, caused by 
the supernova shock acting on the presupernova mantle or 
envelope itself (R. Chevalier, paper presented at UCSC Super- 
nova Workshop), by the blast wave acting on the solar nebula 
before encountering the ejecta, or in the actual encounter of ejecta 
with the nebula (S.H.M., in preparation). 
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ETONE Caatimouiinate tala as ee ee ee 


Origin and nature of 
carbonaceous material in the galaxy 


ASTRONOMERS generally believe that the carbonaceous material 
emerging from stars must be in the form of graphite, the most 
stable condensed form of carbon, and that such emergence must be 
confined to situations where the C/O ratio exceeds unity, such as in 
the atmospheres of carbon stars. We argue here that this state of 
affairs remains valid for mass flows from stars of sufficiently low 
surface temperatures, but it is not correct for low density flows 
from stars with colour temperatures > 4,000 K (or for oscillatory 
stars with colour temperatures that go above 4,000 K fora portion 
of their cycle). In the latter case we show that carbonaceous 
material comprised mainly of polysaccharides will be able to 
condense. 

We have previously discussed the likely presence of polysac- 
charides in galactic infrared sources'?, and here we connect our 
discussion with the infrared model considered by Hoyle, Solomon 
and Woolf*. They considered that material flowed at rates 
~ 10°*Mo per year from out of O stars of high mass. In such a 
model, radiation from the star is absorbed and re-emitted by the 
outflowing material, which produces a shielding of the true surface 
of the underlying star. The temperature of the material falls with 
increasing distance from the star, until at a stage where the 
temperature is in the range ~ 5,000-~ 10,000 K, an effective 
photosphere is formed. The effective photosphere develops at a 
radial distance ro ~ 10'* cm from the star, where the hydrogen 
density (nu)o is of order 10''cm™? (for a mass flow of 
~ 10°*Mo yr~! ata speed of ~ 300 km s~!). Further out in the 
flow molecular condensations occur, leading to the eventual 
absorption of radiation emitted by the effective photosphere of the 
star, and to the re-radiation of the absorbed radiation in the 
infrared. Would the resulting infrared emission from the model of 
Hoyle et al.’ behave like the simpler polysaccharide models we 
considered previously’? This is answered by Fig. 1, which shows 
the expected emission from the Hoyle ez a/.’s model compared to 
observations of the BN source**. The expected emission was 
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Fig. 1 Solid curve is the infrared emission for the source BN 
calculated for the model of Hoyle et a/.. The formation temperature 
of the polysaccharide grains was taken to be 850 K, aad the grain 
temperature was taken to vary subsequently as the inverse square 
root of the distance from the exciting star. The optical depth of the 
region of formation of the grains was four times that of the sample of 
cellulose which gave rise to the transmittance values of Table | of 
ref. 2. The points represent observational data‘. 
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calculated for a polysaccharide formation temperature 
Tm = 850K and for the relative transmittance values given in 
Table | ofref. 2. The radial opacity through the source was taken to 
be four times the relative values given in the latter table. 

The new calculation is an improvement on our previous work in 
that no ad hoc assumption of a surface emitting like a black body 
has been made. This improvement, together with the agreement 
between theory and observation shown in Fig. |, gives a strong 
empirical indication that polysaccharides can form in the mass 
flows from stars where the C/O ratio is probably less than unity. To 
give plausibility to such a view, three questions need answering: (1) 
Why is C not almost entirely consumed in the formation of CO? (2) 
Why is C not built into graphite rather than into polysaccharides? 
(3) In view of the inevitably small concentrations of the molecules 
C2, C3, how can the bulk of the carbon manage to condense at all? 

The answer to question (1) turns on three points, The ratio CO/C 
at the effective photosphere is essentially thermodynamic, less than 

~ 10°°. For a constant outflow speed, the hydrogen density ny 
falls off according to 


ny = (My)o (ro/r)? (1) 


With (nu) = 10'' cm~*, and for a time scale of only a few years 
available for the recombination of atomic species into molecules, 
triple collisions of the kind A+B+H — AB+H play no sig- 
nificant role in the formation of diatomic molecules, which must 
accordingly proceed through two-body radiative recombinations 
of the type 


A+B -—-AB+Ay (2) 
With a low cross-section ~ 10777 cm? for C+O-+CO + Ay and 
for a gas thermal] velocity ~ 10° cms”! the fraction CO/C built 
in the available time scale of 107 s is less than ~ 1077. 

To answer question (2), we note that the internal energy of a 
large polyatomic molecule distributes itself statistically among the 
many states of the molecule, and it is appropriate to characterise 
the distribution by an internal temperature, Tm. The value of Tm 
for a particular molecule is determined by the equation of energy 
balance between the absorption of radiation from the star and the 
re-emission of radiation by the particular molecule, an equation of 
the form 


(ro/r)? | Qavs(4) B, (T) då = af Qem (A) By (Tem) d4, (3) 
0 Ü 


where B, is the Planck function. The factor 4 is for spherical 
particles, and it assumes no radiation field in the infrared. The 
presence of an infrared field reduces the factor 4, in a typical case to 
~ 2. This reduction has no significant effect on the above 
argument since the reduction would apply to both the pyran ring 
and the graphite ring. Both the Ce ring which appears in graphite 
and the CsO pyran ring which appears in the commonest 
polysaccharides absorb mainly in the ultraviolet with comparable 
values of Qaps. But the pyran ring has a much higher value of Qem in 
the infrared than the Ce ring, because the latter is a symmetric 
molecule with no dipole moment. Hence equation (3) leads to a 
significantly higher value of Tem for Ce than it does for C;O, and 
this higher value of Tem more than offsets the greater binding 
energy of the Ce ring. (The binding energy difference is not large. 
The binding of the Cg ring from its constituent atoms is 30.5 eV and 
that for the CsO ringis ~ 29 eV (refs 6,7). 

For question (3) begin by assuming the initial existence of a 
single polymer chain which we take to have been built through 
C2,C3. The logic will be that this first polymer chain, through rapid 
building intergpersed by repeated fragmentation, can generate a 
vast cascade of further polymer chains which have nothing to do 
with the low concentrations of C2,C3. The logic is similar to that of 
the explosion of a nuclear weapon, where a first neutron is 
enormously amplified by the fission cycles which it provokes, and 
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where the flood of subsequent neutrons have nothing to do with the 
source of the first neutron. 

Fora flatchain of width D, length /, the number of carbon atoms 
arriving in a time dr which could lead to chain growth ts 


dN = 2a.<0n>/Ddt (4) 


[With zo = nc, the oxygen rate is moderately larger than equation 
(4).] Further, assuming a mean length interval between two 
successive polymer rings to be about 2 Dand with six atoms making 
up a ring the increment of length corresponding to dN is 


d? = f(dN/6)2D = (DdAN/3)f, (5) 


where fis the fraction of impinging carbon atoms that diffuse and 
attach themselves to the ends of the polymer. Equations (4) and (5) 
give 


f= [gett (6) 


with 


2 
fe f Novy? v| ' (1) 


The phenomenon of exponential growth we describe here is the 
same as that which occurs in the building of ‘whiskers’, which has 
been studied in the laboratory®’. For m = 10°cm~3, 
D =~ 5x 10~" cm and <r> = 105 ems” !. therefore we obtain 
t, = 2x 10° f°! s, and this is small compared to the available 
time scale of the order of a year, even for fractions f as low as 
1077. Ample time is therefore available for many exponential 
‘cycles’, again in analogy to the many fission cycles of a nuclear 
weapon. 

We expect polymers to appear in the mass flow froma star when 
the temperature Tm first becomes low enough for the bond linkages 
in the polymer to assume stability. For C-O-C linkages of a 
polysaccharide, the bond strengthis ~ 4 eV and the largest values 
of Tm for which such a bond will be stable lies in the range 
800-900 K, just the polysaccharide formation temperature used in 
the calculations leading to Fig. 1. 

The first polymers built through C2,C3, will be of short lengths 
and for them the value of Tm determined by equation (3) is less than 
for longer polymers with lengths / = Aga:/22. This is because a 
tuning effect appears as the polymers grow to a length that is 
resonant with the main optical radiation of the star, 
Astar =~ 5x 107° cm. The polymers then experience a strong radi- 
ation pressure force due to scattering which gives them an 
appreciable drift velocity with respect to the ambient gas. Hoyle ef 
al. estimated a drift velocity between 10 and 100 km s~! for their 
model. At 100 km s~ + the viscous drag would raise the tempera- 
ture of the polymer chain by about 100 K. We think even stronger 
heating than this could occur. Yet even 100 K is sufficient in a 
marginally stable situation to begin breaking the C-O-C linkages 
of the polymer. The reduced lengths of the fragments destroys the 
resonance, so that the fragments quickly assume lower values of 
Tm. thereby returning to a stable condition. Because of the 
explosive exponential growth implied by equation (6), the frag- 
ments almost immediately go through the same sequence as the 
original polymer. Not only do the lengths of the polymers grow 
exponentially but the numbers of the polymers also increase 
dramatically. 

There is, of course, a limit to the number of particles that can be 
produced from a single first polymer chain, bet the limit turns out 
to be very large. The limit arises because a first polymer chain, 
together with all its progeny, does not have access to all the carbon 
present in the whole mass flow. But there will be access at least to all 
the carbon within the distance through which carbon atoms can 

diffuse in the time scale of ~ 10° s required for a given sample of 
material to flow from the star out to distances at which the density 


©.“ 
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falls off significantly. Thus the carbon diffusion distance in a time f 
is given by 


~ [Cem oe my]! ? 


where a. is the cross-section for collisions between carbon atoms 
and hydrogen atoms. With ¢ = 10°s, <en) = 10fcms™'. 
a = 10 '®cm*, am = 10'°cm ?, the diffusion distance is 
~ 3x 10” em. Thus the zone of influence of an initial polymer is at 
least (3 x 10°)* cm*, It is actually greater than this because the 
polymers are subject to radiation pressure which causes a relative 
motion in the radial direction with respect to the gas. Using the 
relative velocity, 100 kms ' by Hoyle er al. the radial drift with 
respect to the gas developed by a polymer in the time scales ~ 10° s 
is as large at 10'* cm. Thus the zones of influence of initial 
polymers are cylindrical in shape with axes of length ~ 10'S cm 
along the radial direction from the star and with transverse 
dimensions of ~ 3 10° cm, the latter being the carbon atom 
diffusion distance calculated above. The zone of influence of a 
single starting short polymer chain, therefore, has volume of order 
10'* (3 x 10°)? ~ 10% cm*, compared with a total volume of 
~ 10*° cm* for the effective condensation region of the whole 
mass flow. Only some 10°' starting polymers are needed to mop up 
the whole of the carbon, 10'' starting polymers in 10** cm? giving 
a space density of 10°34 cm. 

The required formation rate through C3,C, of initial short 

polymer chains therefore takes the exceedingly low value of 
~ 10 cm *s ', The rates of formation of C3.C4 by 
C2 +C + C3. Ca +C > Care uncertain, but even with low cross- 
sections for both reactions, and even with ample allowance for the 
destruction of C: through C: +O + CO +C, a fraction ~ 10° '? 
of all the carbon will become C, in the available time scale. The 
molecule C4 already has a sufficient number of internal states for 
further additions to occur with comparatively large cross-sections, 
~ 10` '° cm?. Thus beyond C, the apparent difficulty of small 
formation rates disappears, and the number of initial polymer 
chains that could be achieved (if necessary) could be comparable to 
the number of C4 nuclei, which is very many orders of magnitude 
greater than the minium required number of initial short polymer 
chains. The first such chains to flow through C2,C3,C4... 
therefore go on to take the whole of the carbon. This completes the 
answer to the third question, 

If mass loss from a highly luminous O star proceeds for long 
enough, the oxygen-rich envelope will be replaced by material that 
has been processed in the star by the CN cycle. The oxygen will now 
be almost totally depleted. the carbon abundance will be reduced 
to about | 10 of its normal value, and there will be a large excess of 
nitrogen. Under these conditions C4 rings would evolve into 
heterocyclic C4N. CsN and C4N> rings. It may well be important 
in this connection that the porphyrins have a strong absorption 
band near 4.430 A, the wavelength of a well-known interstellar 
absorption feature'”. and that quinazoline and its derivatives have 
a strong absorption at 2,200 A (see ref. 11) close to another 
interstellar feature. 

Photospheric temperatures of evolved supergiant stars are 
uncertain. Ifmass flowsin M and N-type stars originate in layers of 
the atmosphere where the colour temperature > ~ 4,000 K. 
arguments similar to those discussed above would apply. 

We conclude the following. Infrared sources exhibiting poly- 
saccharide absorption features may be associated with massive 
stars of the kind discussed by Hoyle er al.*. Mass flows from such 
stars can lead to the production of polysaccharides in the first 
instance, followed by the condensation of nitrogenated hetero- 
cyclic carbon compounds. The composition of carbonaceous 
condensates from these sources may well determine the course of 
interstellar chemistey, Low molecular weight organic compounds 
and radicals detected in interstellar clouds, often involving a 
number of linked carbon atoms, are probably the products of the 
ultraviolet and cosmic-ray degradation of much more complex 
structures. 

We also speculate that carbonaceous materials formed in the 
mass flows from stars provided the chemical basis for the origin of 


Frequency (kHz) 
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life. It is not as hard as it has usually been supposed to understand 
how interstellar materials could have by-passed the destructive 
high temperature of the solar nebula and could have arrived 
undamaged at the Earth. We suggest that the origin of life on the 
Earth involved essentially the assembly of complex chemical 
components which had already been provided in the last stages of 
the accumulation of the Earth, and which exist widely and in 
comparatively great quantities within the interstellar medium. 
We thank Professor P. M. Solomon for helpful discussions. 
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ELF emissions observed at Moshiri 


MORPHOLOGICAL characteristics of ELF emissions (frequency 
2-3 kHz) observed at a low latitude ground station of Moshiri in 
Japan (geomag. lat. 34.5 N; L = 1.59) are reported here. ELF 
emissions in this frequency range are most poorly understood in 
the magnetospheric wave phenomena, and the information ob- 
tained on the ground will be of crucial importance in the study of 
their generation and propagation mechanisms. We have been 
observing VLF and ELF emissions at Moshiri! * since 1964. We 
believe that Moshiri is at a lower latitude than any other where the 
emissions are continuously recorded*. Emissions of the hiss type 
are measured, by the minimum detection method’, at four specific 


Fig. | Sonagrams of ELF emissions observed at Moshiri. a. 
0950 LT |I January 1976: b, 0750 LT 2 April 1976. 
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Table 1) Characteristics of ELF emissions 
Ground Satellite observations 
observations Popo (Kimura) Isis (Ondoh) 


Periodofdata January 1974- 


July 1968- 
December 1976 


May 1969 


July 1970- 
April 1971 


Diurnal 

variation 5-I8h LT 3-42h LT i 
K, dependence K, > 4 higher Kp K, = 1-3 
Frequency 

spectrum 2-3 kHz mainly 2+0.5 kHz < 3kHz 


Latitudinal Tweek cutoff: Peak at high Peak at 50-60" 


distribution Yes. high latitudes Wide latitude 
latitude Wide latitude coverage 
penetration coverage 
No, low 
latitude 
penetration 
Ky- LT Shift to morning 
dependence with 
increasing Aj, 7 2 
K,-frequency Wider band with 
spectrum No relation ? increasing Ky 
LT-frequency 
spectrum No relation 3 7 





frequencies of 8 (A / = 1.25 kHz), 5(+1 kHz), 1.5(+0.1 kHz) 
and 0.8 (+0.1 kHz) kHz, and recorded on paper charts. Wide 
band (0-10 kHz) observations on magnetic tapes have also been 
conducted following the synoptic schedule of two minutes every 
hour. We have found, using Ariel 3 VLF data, that the storm-time 
VLF emissions at Moshiri are generated around the plasmapause 
by the electron cyclotron instability with ring current electrons’. 
But the large number of VLF emissions appearing during 
magnetically quiet times have not been well studied’. Satellite 
measurements made on board Pogo (I. Kimura, personal com- 
munication) and Isis® have yielded a new type of ELF emissions 
(f< 3 kHz). 

Here we describe the morphology of those ELF emissions 
observed at Moshiri based on magnetic tape records during four 
years from January 1973 to December 1976. During this period 
we identified about 160 ELF emission events. They were mainly of 
the hiss type, but we could find others including the chorus 
structure, Moshiri is located in an isolated village, free from 
artificial noises, and we could not detect any fine structure due to 
the power line harmonics radiation “*. Hence, we consider that 
these ELF emissions are a natural phenomenon. Figure | shows 
the frequency spectra of ELF emissions; a is the sonagram of 
typical narrow band ELF emissions whose energy is concentrated 
in 2--3 kHz, and this frequency band is most often seen, whereas b 
shows lower frequency emissions (1-2.5 kHz). The low frequency 


ig. 2 Local time dependence of occurrence number of ELF 
emissions. 
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cutoff frequency of ELF emissions is, on occasions, coincident 
with the cutoff frequency of the first order mode of the 
Earth-ionosphere waveguide propagation or tweeks. Exam- 
ination of these sonagrams suggests that the frequency band of 


good agreement with satellite results®. 

Figure 2 shows the local-time dependence of the occurrence 
number, and indicates that these ELF emissions occur pre- 
dominantly in the daytime (5-18 h LT). A comparison of local- 
time dependences for three ranges of K, index shows that the 
occurrence number ts concentrated in the afternoon during quiet 
periods K, < 2+, but in the morning during moderate disturb- 
ances 3— < Kp < 5+. Figure 3 shows the A, dependence of 
occurrence number of ELF emissions (full line), and the number 
of periods when A, (3h) has a certain value (broken line). A 
comparison of the two curves indicated that the occurrence 
probability shows an abrupt increase from A, = 4, and a broad 
maximum in the K, range from 5 to 7, in good agreement with the 
satellite result. So, ELF emissions are likely to be associated with 
magnetic disturbances. 

Assuming that the propagation under the ionosphere is roughly 
confined to the magnetic meridian plane’, ELF emissions with a 
low frequency cutoff, being associated with the tweeks cutoffs, are 
considered to have penetrated the ionosphere at latitudes higher 
than the station latitude, and followed the Earth-ionosphere 
waveguide mode of propagation'®. There are also ELF emissions 
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Fig. 3 Dependence on A, index of occurrence number of ELF 
emissions and the number of periods in which A, has a certain value. 


whose lower cutoff frequencies extend well below the cutoff for the 
Earth-ionosphere waveguide mode propagation (see Fig. 1b). 
This indicates that these emissions seem to have emerged from the 
ionosphere near the station, with their wave normal directions in 
the ionosphere lying within the transmission cone'!. These 
characteristics are not incompatible with the wide latitudinal 
coverage found by the satellites®. Table | summarises the general 
properties of ELF emissions based on our ground observations 
and on satellite results. Our initial impression is that these 
properties are similar to those of plasmaspheric hiss whose centre 
frequency is much lower, ~ 0.5 kHz!?~'*, 

The generation and propagation mechanisms of ELF emissions 
need further study. Their narrow band nature, however, suggests 
that the generation region may be very localised in the equatorial 
plane’. Considering that their occurrence is highly enhanced at 
50-60° (ref. 6), the generation possibly occfrs just within the 
plasmapause. If the waves are generated at various wave normal 
angles, some can propagate in complex non-ducted paths to the 
ionosphere over a wide latitude range® and, for favourable wave 
normal directions'', can be detected on the ground. The associ- 
ation of the occurrence of ELF emissions with magnetic storms or 
substorms is being investigated, and could give us insight into the 
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energetic particles in the outer radiation belt responsible for the 
excitation of ELF emissions. 
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LS H o au 
A vitreous Kr-2SiO, 


THERE are many studies'’ of the presence of inert gases in 
glasses. Because they have no electron affinity and high 
ionisation potentials (12eV for Xe to 24eV for He) the 
solubility of inert gases in glasses has been considered a 
simple physical process with no strong chemical interaction 
within the glass network, Recent work on pressure depend- 
ence of inert gas in vitreous’ and crystalline’ silica (SiO») 
Showed that the equilibrium solubility may be explained 
qualitatively by a statistical thermodynamic model’. At non- 
equilibrium conditions, however, a large quantity of inert 
gases can be incorporated into SiO, by processes such as 
glow discharge*’’ and sputtering'’’'', and here, the amount 
of inert gases in SiO, far exceeds the equilibrium solu- 
bility, Using a high-rate sputtering technique, we prepared 
a SiO, deposit containing 16.1 at.% Kr, expressed by a 
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Fig. 1 X-ray diffraction patterns of the Kr-2SiO, deposit (a) and 
the target SiO,(b). 
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glass formula, Kr-2SiO, and we report here the unique 
characteristics of this material. 

The Kr-2SiO. deposit was prepared by a modified r.f. 
sputtering apparatus’*’’* at a sputtering rate of 30 m‘‘h. 
The target was a 12.7-cm-diameter, 0.64-cm-thick fused 
SiO, disk. Sputtering gas was krypton and oxygen | : 1 mix- 
ture; the addition of oxygen to the sputtering gas was 
required for stoichiometric-oxide formation. Deposition was 
onto a water-cooled copper substrate that had floating 
electrical potentials. 

The Kr-2SiO, deposit was about 0.2 mm thick, and had 
the general appearance of a thin fused silica plate. Its 
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Fig. 2 Formation of the micropores after heating the Kr-2SiO, 
deposit to 1,000 C. 





surface was smooth, and contained a low density of macro- 
scopic defects under X 100 magnification. A fracture surface 
along the thickness of the deposit resembled the fracture of 
an oxide glass. 

The compositions of Kr and Si were determined by non- 
dispersive X-ray fluorescence analysis, The X-ray intensity 
of Kr was corrected for self-absorption assuming a uniform 
distribution of Kr throughout the deposit. It indicated a 
Kr/Si mole ratio of 0.57+0.066, or 16.1 at.% Kr, 
from which the Kr-2SiO, formula was assigned. 

By comparison with the X-ray diffraction pattern of the 
fused -SiO. target the diffraction peak of the Kr-2SiO, 
deposit was nearly two times broader (Fig. 1). This indicated 
an increasingly disordered short-range atomic packing in the 
Kr-2SiO:; deposit, possibly due to combined effects of high- 
rate sputtering and Kr entrapment, but the Kr-2Si0O. had 
high thermal stability based on no weight loss observed after 
isothermal treatments at 700 °C for 2h in air. Rapid release 
of Kr was observed during 1,000 °C annealing, and the 
sample became a popcorn-like flake containing 0.1 to 10 um 
size pores (Fig. 2). 

This may be the first time that such a high content of 
Kr has been incorporated into SiO». It would be interesting 
to consider the role of Kr in the structure. Because the 
general appearance and the properties of the deposited 
Kr-2SiO, are similar to fused silica in many aspects’’, we 
can assume that Kr atoms participate little in bonding with 
the network atoms, but are trapped in the vitreous SiO». 
If Zachariasen’s glass network model is assumed for the 
SiO. structure, we can see that those pore made by 4-7 
oxygen atoms are too small to accommodate tte Kr atom 
which has an atomic diameter of 3.99A and an atomic 
volume of 44.95 A® at OK (ref. 14). As shown in Fig. 3, 
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Fig. 3 Possible trapping of single Kr atom in the SiO, network. 
Different pore sizes are shown by the number of oxygen atoms. 


only pores made by eight or more oxygen atoms are big 
enough to trap the Kr atom. Since there are few such large 
pores (probably 10%) in the homogeneous structure model, 
the number of Kr atoms trapped cannot account for the 
Kr composition. We may consider two possible mech- 
anisms for the Kr entrapment: (1) the Kr-2SiO, consists of 
an SiO, network similar to that of fused SiOx a portion of 
Kr atoms is trapped individually in the pores made by eight 
or more oxygen atoms and a portion of Kr atoms is in the 
form of inhomogeneous clusters, and (2) the Kr-2SiO» is 
composed of a distorted SiO, network to accommodate 
individual Kr atoms. 

I thank N. Laegreid, R. W. Moss, M. A. Bayne and 
E. D. McClanahan for preparing the sample by high-rate 
r.f. sputter deposition and K. Nielson for making the 
X-ray fluorescence analysis. This work is sponsored by the 
US ERDA. 
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Anion deficiency in strontium titanate 


STUDIES of the anion deficient phases of titanium and vanadium 
perovskites showed that the perovskite SrTiO, -, has a wide range 
of composition extending from vx = 0 to x = 0.5 (ref. 1). The 
nonstoichiometry was inferred from the monophasic behaviour 
of the solid Within this compositional range as obtained by means 
of powder X-ray diffraction. The same cubic structure was found 
for both Sr Ti O, < and Sr Ti Oy. Perovskites have been widely 
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studied recently in view of the very interesting and useful 
properties of these oxides*. The physiochemical properties ol 
Sr Ti O, include semiconductivity’’* and superconductivity” as 
well as peculiar phase transitions®. Of particular interest in this, 
and other’, systems is the presence of point defects and their 
influence on those properties. It seems that, at small degrees of 
reduction, doubly ionised oxygen vacancies are the main deflects 
present on Sr Ti O,_, (ref. 8). Although in that case, the oxygen 
vacancies, being at small numbers, are probably distributed at 
random, the presence of so many empty oxygen positions as the 
stoichiometry of Sr Ti O s implies—one in every six oxygens 
missing —automatically suggests the possibility of ordering. This 
possibility seems to be realised under the synthesis conditions that 
we have used and we report here some of the results so far 
obtained in the system SrO- T1,0,- TQ. 

Samples of composition Sr Ti O3-, with several values of x 
were prepared by heating appropriately weighted amounts of the 
parent oxides in quartz ampoules, sealed under vacuum, at 
1.200 C for 2 weeks. The + ampoules were then quenched tn 
liquid nitrogen. We have never obtained an homogeneous pro- 
duct but rather a compact powder with colours ranging from 
violet to yellow from the outside to inside. The X-ray data of a 
blue sample of nominal composition Sr Ti Oz 5 could be inter- 
preted as from a cubic unit cell with a = 3.900+0.003 A, in 
excellent agreement with the previously accepted value’, No 
superstructure lines were detected. Electron diffraction showed a 
very different situation, however. Figure | shows a pattern 
obtained on a Siemens 102 Elmiskop microscope fitted to a 
double tilting stage and operated at 100 KV. This pattern can be 
indexed as the [121] zone axis of the same cubic X-ray subcell. 
There is a clear sixfold superlattice along *111] suggesting a long 
spacing of ~ 13.52 A. Figure 2 shows an electron micrograph of 
the same crystal area where the super-lattice fringes are resolved 





Fig. 1 
superlattice along #1 11 of the perovskite subcell, Zone axis [121] 


Electron diffraction pattern of SrTiO, 5 showing a sixfold 


The diffraction pattern is faintly streaked and it can be seen that 
the fringes are not equidistant, although their separation is often 
of ~ 13 A. On this particular sample the superlattice was always 
sixfold and lying on *111, Figure 3 shows an even more interesting 
example. This pattern, from another crystal of the same blue 
powder, can be indexed on the [110] zone axis of the cubic subcell. 
It can be seen that there are in fact two sixfold superstructures 
lying along “111 and #111. Again there is streaking along those 
two directions. Although at first sight this pattern could be 
attributed to a twinned crystal the situation is somewhat more 
complicated as shown on the corresponding mierograph, Fig. 4. It 
can be seen that there are two sets of lattice fringes which cross at 
an angle of 70.5 as expected from the diffraction pattern. Even 
more interesting is the fact that the fringes intercross without 
apparent distortion and also that they are not always perfectly 
straight. On the other hand some of them, especially the set shown 
at B do end within the crystal and not at the crystal edge. The 
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Fig. 2 Electron micrograph corresponding to Fig. | showing the 
superlattice tringes. Note that the fringe spacing is irregular 
Scale bar, 100A. 
streaking is clearly understood in view of the uneven separation 
between the fringes in both sets 
Ihe removal of an oxygen ion from a close-packed structure 


produces a drastic symmetry change in the environment of the 


metallic atom (or atoms) as in this case. coordinated to the 


oxygen. At the limit. this can produce a change in the co- 
ordination geometry around those metallic atoms. il they are 
capable of existing in more than one kind of coordination. In 
such cases one can no longer speak of anion vacancies in the usual 
sense Of point defects since they are elements of the structure 
which are just unnoccuppied”. These subtle changes in co- 
ordination are difficult to detect unless they are ordered’” and it is 


not uncommon in the anion-deficient perovskite for an ordered 


Fig.3 Electron diffraction pattern of SrTiO; « showing two sixfold 
superlattices along "llI and *111 of the perovskite subcell. Zone axis 


[110] 
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arrangement of vacancies!’ to be found. This is the case for (Ba. 
Sr)Mn O3_, (ref. 12) and BaFeO,_, (ref. 13) where the Mn?* and 
Fe" tons ure ordered having bipyramidal-trigonal and tetrahed- 
ral coordination respectively. But, as Ti** is not a typical ton, 
adopting coordination geometries other than octahedral. we 
cannot yet give a structural model to explain this super- 
periodicity. However, the evidence shown above strongly suggests 
that in the synthesis conditions that we used. anion deficiency in 
SrTiO, , can be accommodated by planar defects parallel to(111) 





Fig.4 Electron micrograph corresponding to Fig. 3. Note that the 

superlattice fringes intercross without apparent distortion and that 

many of them, especially those of set B, end within the crystal. Scale 
bar, 50 A 


of the cubic subcell. In other words, there seems to be some kind 
of long-range order of the empty anion positions. It can also be 
expected that with different separations between these planar 
defects a family of new ordered phases, based on the perovskite 
structure, can be obtained. Furthermore. since we have com- 
monly found two sets of crossing extended defects. it could well be 
that a new kind of block-type structures. analogous to those 
lormed by double crystallographic shear on ReO,-type oxides, 
can be formed based on the perovskite subcell. | xperiments are 
now in progress to test this possibility and also to determine to 
what extent planar defects affect the properties of strontium 
utanate 
We thank L. Puebla and A. Garcia for technical assistance 
M. A. ALARIO FRANCO 
M. VALLET REGI 
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Climatic information from 180/160 
analysis of cellulose, 
lignin and whole wood from tree rings 





MEASUREMENTS of stable isotope ratios on tree rings have proved 
a promising way of determinating past climate’~°. Recent dis- 
cussions have centred on which component of wood provides the 
most reliable record®’’. We have measured the oxygen isotopic 
composition of cellulose, whole wood and lignin from tree rings in 
a white spruce (Picea glauca) which grew in the Edmonton area 
from 1882 to 1969. Using meteorological records we have 
evaluated the responses of the 180/160 ratios of the three 
components of the tree rings to seasonal temperatures. Results 
show a high correlation between cellulose ‘°O/!°O ratios and 
mean annual temperature, a poorer, though still significant 
correlation between whole wood 180/160 ratios and mean annual 
temperature and no significant correlation between lignin 
180/160 ratios and mean annual temperature. 

Whole wood measurements were made on 5-yr groups of rings 
taken from a I-cm wide section across the tree. The wood was 
ground to pass through a 60 um mesh sieve and solvent extracted 
first in a benzene-methanol mixture and then in acetone to 
remove lipids tars and resins. The remaining material was then 
dried in a vacuum oven for 3 d. Combustions were carried out in 
an evacuated nickel reaction vessel''®. '8O/'°O ratios were 
measured on a 90° magnetic sector isotope ratio mass spectro- 
meter and are expressed as a ô value %, with respect to standard 
mean ocean water (SMOW)? 


(5'8O, = [('8O/'°O),/C8O/!®O)smow — 1] + 1,000% 


Reproducibility of the whole wood analyses (and that of the 
cellulose analyses) was +0.2%,, the same as for the mass 
spectrometer. 

Cellulose was extracted from each of the 5-yr groups of rings 
using the method of Green!’ which allowed the quantitative 
determination of «-cellulose, hemicellulose and lignin in each 
sample. (Care was taken to ensure standardisation of procedure 
for all samples.) Isotope ratios of solvent-extracted wood were 
found to be the same within experimental error as those of dry 
whole wood. Also, the isotopic compositions of hemicellulose and 
a-cellulose were found to be identical. This allowed the isotopic 
composition of the remainder (mostly lignin) to be calculated. 
Combination of the errors in the isotopic measurements of 
cellulose and whole wood, together with errors in measurements 
of percentage composition, yield an estimated error in the lignin 
isotopic composition of +0.6%,. The results are given in 
Table 1. 

The correlation coefficients of the isotope ratios of these 
components with seasonal temperature data were calculated. The 
results are shown in Table 2. For convenience the time period was 
divided into three-monthly groups such as January, February and 
March (Winter) and so on. The oxygen isotopic composition of 
cellulose is seen to have a significant correlation (95% confidence 
level) with mean seasonal temperatures throughout the year of 
growth, Correlation with mean annual temperature beginning 
with autumg previous to the calendar year of growth was found to 
be 0.94. The whole wood '8O/'°O measurements show significant 
correlation only with mean temperatures for winter and spring of 
the calendar year (0.60) yielding a correlation coefficient with 
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Table 1 Oxygen isotopic compositions of cellulose, extracted whole 
wood and lignin 


Cellulose Whole M.A.T.* 
| wood Lignin Lignin CC) 
Sample SOX) 8'EO (Xo) 8O (Xo) 7 (Sept-Aug) 
1890-94 23.9 19.1 14.1 49.0 2.6 
1895-99 23.4 19.6 15.4 47.4 2.3 
1900-04 24.1 19.3 12.8 42.6 3.0 
1905-09 24.7 19.9 15.2 50.5 3.1 
1910-14 24.7 19.8 15.3 52:2 3.2 + 
1915-19 - 24.1 19.6 15.1 49.8 2.7 
1920-24 24.2 19.4 15.0 52.4 2), 
1925--29 23.6 19.1 14.5 49.3 2.3 
1930-34 24.7 20.0 15.4 50.3 3.2 
1935-39 22.9 18.3 13.2 47.2 2.1 
1940-44 24.5 18.7 12.1 46.9 3.4 
1945-49 23.3 17.7 11.2 46.2 2.5 
1950-54 20.3 17.6 il] 46.7 2.1 
1955-59 24.5 19.4 13.8 47.6 3.1 
1960-64 25.2 19.1 10.2 40.6 3.7 
1965-68 24.0 18.7 12.5 46.0 2.4 





Oxygen isotopic compositions (ôO against SMOW) of cellulose, 
extracted whole wood and lignin for 5-yr groups of tree rings, together with 
the lignin concentrations (%4). 

*$.yr mean annual temperatures calculated from September of the 
previous year to August of the final year. 


mean annual temperature (September to August) of 0.55, signi- 
ficantly lower than that for cellulose. Correlation between 
18Q/!®O ratios of lignin and mean annual temperatures (Septem- 
ber to August) is essentially zero (— 0.03). Also, there seems to be 
no relation between the amount of lignin present in the wood 
sample and seasonal temperature (Table 1). We conclude, there- 
fore, that the lignin component of the wood carries no useful 
temperature information. The explanation for this may he in the 
process of lignification of wood which takes place over a much 
longer period than that in which cellulose is produced and 
deposited in the tree ring’). It is concluded, therefore, that the 
only temperature information contained in '°O/'°O ratios of 
whole wood is due to that carried by the holocellulose component 
(= 50%). 

The overall good response of the cellulose isotopic composition 
to mean seasonal temperatures may be explained in terms of the 
integrating effect of the tree ring growth. Measurements of the 
isotopic composition of tree ring material may supply infor- 
mation on the temperatures prevailing during the production of 
sugars which are subsequently converted into cellulose. This may 
not coincide with the actual period of ring growth. The pro- 
duction of early wood in the tree ring is a rapid process which may 
use material stored in the tree as photosynthesis occurred late 
in the previous year and, to a lesser extent, throughout the winter. 
Late wood production, on the other hand, is likely to use material 
produced during the growth season of the tree. Thus, isotopic 
analysis of cellulose from tree rings may well provide an excellent 
integrator of mean annual temperature including a period before 
growth actually occurs. 

In conclusion, for the tree species and climate zone being 
discussed, it seems that only cellulose '*O/'°O ratios have a 
sufficiently good response with seasonal mean temperature to be 
used as a reliable indicator of past temperatures. Measurements 
of 180/160 ratios of whole wood, although much faster to carry 
out, involve less work in extraction procedures and avoid possible 
contamination from chemical reagents, seem to yield much less 
reliable temperature information. Lignin, because of the difficulty . 





Table 2 Correlation coefficients of '8O/'°O composition of wood 
fractions with mean seasonal and mean annual temperatures 


Summer Whole year 


Autumn Winter Spring 
Cellulose 0.70* 0.80* 0,45* 0.42* 0.94* 
Whole 
wood 0.30 0.52* 0.50* — 0.30 0:55" 
Lignin —0.10 0.10 0.12 — 0.40* — 0.03 





(Autumn = October, November and December and so on) 
*Significant correlation at the 95% confidence level. 


~~ 
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of carrying out direct '°O/'°O measurements does not, at this 
time, present an alternative. We believe that this calibration 
procedure should be carried out for any species being considered 
for use as a climate indicator in a given climatic zone before the 
usefulness of cellulose or whole wood 180/160 ratios can be 


evaluated. . 
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Chemical structure of humic substances 
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THE nature of soil humic acids and similar substances derivable 
from oxidised brown coal is cf considerable fundamental and 
practical interest. It has now been found, using organic extrac- 
tants, that solutions of soil humic substances, capable of NMR 
spectroscopic investigation, may be prepared. The spectra ob- 
tained suggest that polymers of a similar structure to oxidised 
polyethylene are important components of soils. Numerous other 
types of chemical structures are also evident from the NMR 
absorptions of soil organic matter solutions: the amounts and 
types present vary widely from soil to soil. It is suggested here that 
chemical fractionation cf soil organic matter can be most easily 
followed by observation of the NMR spectra. 

Previous studies of organic matter extracted from soils 
have mainly used degradative techniques (oxidative, 
pyrolysis-gas-liquid chromatography-mass spectrometry?-+) or 
infrared spectroscopy*~!°. There is no general agreement on the 
chemical nature of soil organic matter. Interpretation of the 
infrared spectra of soil extracts has been hampered by the 
presence of complexed inorganic substances. Humic acids un- 
doubtedly exist as complex organo~mineral—cation aggregates in 
nature'’, this probably contributing to their stability under soil 
conditions. | 

Attempts to separate the inorganic and organic part of soil 
humic substance molecules without undue disruption of the latter 
have not been particularly successful. The presence of inorganic 
contaminants undoubtedly obscures some of the fine details of the 
infrared spectra and profound band broadening effects may also 
be caused by the existence of ‘acid salt’ hydrogen bonding!? in 
humic acids. 

Extracts of humic materials obtained from soils by traditional 
aqueous alkaline solutions give 'H-NMR spectra showing col- 
loidal and solvent HO groups only. Progressive deuteration of the 
desiccated aqueous extracts leads to some resolution of the H-C 
groups in the NMR spectra but, owing to the difficulty of 
completely removing HO groups which cause band broadening 
by the formation of colloidal aggregates, the spectra obtained are 
poor quality. Also, the preferential solvation of O groups on the 
periphery of the macromolecules in aqueous systems appare= tly 
tends to remove the H-C structures from the solution phase, such 
hydrophobic groups occurring in a solid phase in the interior of 
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the macromolecules (which is NMR inactive under high re- 
solution conditions). 

‘H-NMR absorptions found in deutero-dimethylsulphoxide or 
deutero-pyridine solutions are much more distinct than the 
spectra (obtained in D2O) of aqueous extracts and indicate the 


lapping peaks. Unsaturated groups are generally absent at NMR- 
sensitive concentrations. The CH3(CH»), parts of the 'H spectra 
resemble those of some crude oil GPC fractions!? but the C 
Fourier transform spectra are apparently less similar to such 
materials, 

Fractions of several soils were obtained by extracting suc- 
cessively with: (1) (CH3)2CO; (2) HCOOH; (3) (4)* (CH;),CO; 
(3)* 6M HC1; (6) (CH3)2CO: (7) HCOOH; (8) (CH3)2CO, by 
Soxhlet extraction or *cold extractions. This exhaustive extrac- 
tion procedure removes essentially all the organic matter from the 
soil, and it can, therefore, be shown that polymethylene chains 
comprise up to ~ 30% of the total organic matter; however, 
fraction (1) may contain larger amounts of polymethylene chain 
components, as is demonstrated by the 'H and '3C NMR spectra 
shown in Fig. | (a and b respectively) obtained from a (CH 3)2CO 
Soxhlet extract of a podzol A horizon where 8% of the total 
organic matter was extracted. The '*C NMR spectrum resembles 
that of polyethylene, the principal absorption present being 
attributed to (CH3)n. 

The proportion of (CH,),CH, present is best estimated from 
the "H NMR spectrum, Fig. la (the °C NMR spectrum was 
obtained under standard broad band 'H decoupling conditions 
where the otherwise quantitative peak area proportionality with 
the numbers of resonating nuclei is inexact). This shows that 12% 
of the H-C groups of the humic fraction occurs in (CH2),CH, 
structures, there being two superposed groups of peaks, one from 
(average)n = 7att = 8.69 (wł, 6Hz) and the other from n œ 20 
at t 8.7 (wł, ~ 60 Hz), the latter is suggested to be a fraction of 
semi-colloidal properties. This spectrum also indicates the pre- 
sence of carbohydrate-like substances, t = 5.1-6.8, ~ 6%, of 
H-C and a small (<2°%) amount of H-C (aromatic) at t= 2.9 
and possibly also some (~ 3%) heteroaromatic groups at 
t = 1.2-2.0. The remaining H-C at t = 7.3-8.6 is attributed to 
‘side chain’ structures having H-C groups deshielded by O and N 


Fig. I NMR Spectra of podzol humus, (CH3).CO Soxhlet extract 

Solvent: d-pyridine, tms internal standard: a, 'H 60 MHz; b. C, 

FT, 20 MHz spectra; a, t value varies with dilution: $, solvent 
absorptions. 
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Fig. 2 NMR spectra of soil extracts, by HCOOH treatments. a, fraction (3) chernozem, in d-DMSO, tms internal standard; b, fraction (3) 
calcareous gley, in d-DMSO, tms internal standard: c, Zr** precipitated, deionised, HCOOH-DMSO (4:1) extract of Trawscoed E.H.F. 9-yr 
grazed ley; brown forest soil, in D,O, tps [sodium, 3(trimethylsily])-1-propanesulphonate] internal standard. 


atoms as well as by small (aliphatic) rings of C atoms. Some +H 
NMR spectra of other organic matter fractions which are more 
typical of the main structural groups present in the firmer-bound 
fractions of soil organic matter, are shown in Fig. 2, where the 
amounts of (CH2),CH3 groups of the total H-C present are: 
spectrum a, 24%, spectrum b, 31% and spectrum c, 1-2%. 

Our results agree with the relatively few literature reports of the 
use of NMR for humic acid structure determination'*~*°, in 
particular the widespread occurrence of polymethylene-chain 
structures in humic acids is confirmed although the significance of 
this has not been previously noted. Spectra previously re- 
ported'*!°:'7 of a ‘fulvic’ acid extracted from a podzol B 
horizon'*:!5 and of humic acids extracted from lacustrine sedi- 
ments!’ ‘are dominated by the absorptions of polymethylene 
chains and are similar to the spectrum shown in Fig. la. 

The long-term stability of polymethylene structures, such as 
those present in high molecular weight synthetic polyethylenes, 1s 
well known and the persistence of such structures in the soil, in 
humic acid molecules and related substances, is likely to be due to 
the resistance of the higher molecular weight fractions of 
polymethylene-based polymers towards biodegradation. 

Another form of non-carbohydrate-type of structure that oc- 
curs in the humic fractions of soil is apparently dominated by 
polyketide structures with various relatively short aliphatic chains 
joined to C = O groups. Such molecules, as constituents of humic 
materials, are also indicated from the published NMR spectra of 
organic matter obtained from river water?!, where they probably 
occur as metal ion complexes. Part of the fraction (6) in the above 
scheme has been found to consist of such structures, the NMR 
spectra becoming evident upon the removal of complexed 
Fe(II) by treatment with Na,P,0, pellets in  deutero- 
dimethylsulphoxide medium. 

A search of the literature for evidence in support of the NMR 
results from other techniques indicated that a microbial ‘humic 
acid’ prepated from Aspergillus flavus culture had an infrared 
spectrum suggesting the presence of polymethylene chains??:*?, 
indeed, a close similarity was indicated between this spectrum and 


a published spectrum***° of oxidised branched polyethylene. 


This microbial humic acid had a very low ash content (< 0.03%) 
and showed evidence of crystallinity. These are unusual features 
for substances which may be defined as humic acids; however, no 
soil humic acid has yet been prepared having such a low ash 
content and such a well resolved band structure in the infrared 
spectrum. 

This work is supported financially by the ARC. | thank Professor 
J. Tinsley for stimulating discussion and for providing soul samples, 
also Mr M. Kibblewhite for providing soil extracts. 
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Origin of stanols 
in young lacustrine sediments 


STEROIDAL skeletons have been widely used as markers of the 
biological origin of organic material in ancient sediments!" and 
petroleum®, Nevertheless, the origin and fate of sterols (stanols 
and stenols) in recent sediments are poorly understood. Here the 
significant contribution of organism-derived stanols (saturated 
sterols) to lacustrine sediments is reported and the geochemical 
significance discussed. The presence of stanols in recent and 
ancient sediments, together with unaltered stenols (unsaturated 
sterols) commonly found in algae, has been reported?” !?. In view 
of the rare abundance of stanols in living organisms, this 
occurrence has been used as evidence that partial reduction of 
naturally occurring stenols had taken place over geological time. 
Stanols have also been identified in contemporary lacustrine 
sediments'*~'”. Based on the conversion of '*C-cholesterol into 
'*C-cholestanol under in situ incubation, Gaskell and Eglin- 
ton! ™!'? proposed that such stanols in young sediments originate 
from stenols by microbiological reduction after deposition. 

More recently, the same stanols found in contemporary lacus- 
trine sediments were identified in phytoplankton, zooplank- 
ton'*-!°*° and various higher plants?', although in very small 
amounts (two or three orders of magnitude less than the total 
amount of sterol). In various surface soils, however, (0-3 cm in 
depth) and in the oxidising layer (0-I cm in depth) of Suwa 
surface sediments, significant quantities of stanols were found?’ 
Of the total sterol in the sediment samples, ~ 20°, was composed 
of stanols. From these findings and from the difference in the 
degradation rates for stanols and stenols observed in incubation 
experiments, Nishimura and Koyama!’ concluded that stanols 
from organisms were concentrated, particularly under oxidative 
conditions, by the preferential degradation of stenols. 

These results suggested that stanols in various sediments were 
derived not only from the stenol hydrogenation during sedimen- 
tation, but also directly from various living organisms. It is 
difficult, however, to estimate precisely the respective contri- 
bution in lacustrine sediments from the organisms and from the 
hydrogenation. The examination of a contemporary sediment in 
which virtually no stenol hydrogenation takes place would 
provide information on the contribution of organism-derived 
stanols to contemporary lacustrine sediments. The sediment is 
from Lake Shirakome-ike, Nagano, Japan (maximum depth, 
8.6 m; area, 0.1 km?) which is an oligotrophic lake containing 
humic substances located about 2,100 m above sea level in the 
Yatsugatake mountain chain. Most of the sedimentary organic 
material may, therefore, be derived from terrigenous sources. The 
bottom water is oxygenated all year round. The sediment tem- 
perature ranges from 2 to 7 “C throughout the year. 
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Hayashi? investigated the microbial activity at four levels of 
the surface sediments (0-12 cm in depth). He found that the 
population (104-105 per g dry mud) of heterotrophic bacteria in 
the sediment layers was two orders of magnitude less than in Lake 
Suwa sediments in which stenol hydrogenation took place!®, and 
that a greater proportion of the bacteria were spore-former types. 
On the other hand, the concentration of dissolved oxygen in the 
water during the stagnation period (November—July) virtually did 
not decrease with depth’? and the consumption rate (9 mg 
O m~*d~')of QO, in the surface sediments was very slow relative 
to other lacustrine sediments*?. These findings indicate that the 
microbiological activity in the surface sediments is extremely low. 

Sediment samples were taken from the same core used by 
Hayashi**. The sample was collected from the deepest part of the 
lake in summer and was divided into sections at 3 cm intervals. A 
plankton sample was also collected with a plankton net in summer 
(the bloom season). Most of the plankton species were zooplank- 
ton, with the main species Acantodiaptomus sp. (~ 60%) and 
Daphnia sp. (~ 20%)**. All samples were frozen immediately and 
remained frozen until analysed. 

The lipid extraction and the procedure for sterol analysis were 
as described by Nishimura and Koyama!’. Structural identifi- 
cation of the sterols, following derivatisation to trimethylsilyl 
(TMS) ethers, was based on gas-liquid chromatography with 
co-injection of the authentic sterols on two types of columns and 
comparison of the mass spectra with those of authentic sterol 
TMS ethers'™>?*, The stereochemical assignment of the alkyl 
group at C-24 in C, and C o-sterol was not determined. 

No interconversion of stenols to stanols was detected in control 
experiments employing the same procedures. The concentrations 
of total organic carbon, nitrogen and lipid carbon were obtained 
on a CHN analyser (Yanagimoto Model MT-1S). 

Sterols (stanols and stenols) characteristically were distributed 
in some plankton species abundant in fresh-water lake and 
terrigenous sources, respectively; cholesterol and 5x-cholestan- 
3B-ol (C27-sterols) are predominant in the plankton examined!’ 
and 24-ethyl-cholesterol and 24-ethyl-5a-cholestan-3B-ol (C5o- 
sterols) in various plants and soils?'. Therefore, the sterols in 
lacustrine sediments provide a useful indicator for estimating the 
autochthonous vs terrestrial contribution to the sedimentary 
organic matter. Table | summarises the sterol constituents 
identified in Shirakoma sediments and in zooplankton abundant 
in the lake. The major components in the sediments were 24- 
ethylcholesterol and 24-ethyl-5a-cholestan-3f-ol, while in the 
plankton cholesterol and Sa-cholestan-3f-ol predominated. 
Moreover, the carbon number (C7, Cag and C,,) distribution of 
sterols in the sediments was very similar to those of Larix Sp., 
abundant in the forest around the lake and in soil samples? t. 
These facts indicate that most of the organic matter in the surface 
sediments was terrestrial in origin. 

Total organic carbon, nitrogen, C/N ratio and lipid carbon in 
the surface sediments (0-20 cm in depth) are summarised in 
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Table 1 The major sterol components of the sediments and plankton from Lake-Shirakoma-ike 


0-3 
(ug)* (at 
Stenol 
Cholesterol 8.4 12 
24-methylcholest-5,22-diene-3f-ol trace — 
24-methylcholesterol 8.4 12 
24-ethylcholest-5,22-diene-3f'-ol LT 1] 
24-ethylcholesterol 45.8 65 
Stanol 
Sa-cholestan-3f-ol 6.9 12 
24-methyl-Sa-cholestan-3f-ol 5.4 9 
24-ethyl-5a-cholestan-3-ol 43.6 77 
Total stenol 70,3 
Total stanol 55.9 
Total stanol/total sterol 0.44 


tos om 
oe 
aa 


hs 
ROG Dwa Seda 


Lad J 


Core sample (depth in cm) 
3-6 9-12 12-20 Plankton 
(ug) (%) (ug) (0) (ug) (a) (%) 
H 5.3 13 6.4 9 95 
6 9 trace — — 2.1 3 NDł 
3 14 4.1 10 8.6 12 5 
8 12 4.1 10 qa [0 trace 
7 54 27.6 67 47.3 66 trace 
= 13 a 8 4.2 9 76 
8 i] 4] 10 4.6 10 8 
6 76 O34 82 37.8 81 16 
9 41.1] i e 
9 41.0 46.6 
0.32 0.50 0.39 ° 0.006 


cence nee LL LL LL CL CLL LC CLEANER RNR SOOO O 


* ug/g dry sediment. 
+The percentage of total stenol and total stanol. 
END, not detected. 
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Table 2 The vertical distribution of total organic carbon (T.O.C.), 
nitrogen (T.O.N.), C/N ratio and lipid carbon (Lipid C) in Shirakoma 


sediments 
eh ai gl a E E 
Depth T.O.C. T.O.N Lipid C C/N 
(cm) (mg C(or N) per g dry sediment) 
0-3 242 16 8.0 15 
3-6 240 i4 R.I 17 
9-42 258 16 8.1 16 
12-20 265 16 8.1 16 


Table 2. All of the organic parameters were fairly constant 
irrespective of the sediment depth. In addition, the ratio of amino 
acid-, amino sugar-, insoluble- and NH, *.N to total nitrogen was 
constant throughout the sediment depth’?. These facts strongly 
indicate that the microbiological activity in the sediments is 
greatly suppressed. This suppression 1s presumably due to the 
depletion of metabolisable organic compounds in the sediments”° 
along with the low temperature (2-7 °C) of the sediment, because 
most of the organic matter is terrigenous material, composed 
mainly of diagenetically formed, secondary reaction products, 
like humic substances and kerogen’’. Stenol hydrogenation in 
sediments, however, is a process effected by bacterial activity! ”"”. 
Thus. the contribution of stanols by way of the stenol hy- 
drogenation process to the sediments, if any, may be extremely 
small. 

Large quantities of stanols were found in all the sediment levels 
examined (Table 1). Particularly at the surface level (0-3 cm in 
depth), 44° of total sterol was composed of stanols. The relative 
abundance of stanols in the remaining levels ranged from 32 to 
50%. The range was larger than that (20-30°) found in Suwa 
surface sediments (0-10 cm in depth) where stenol hydrogenation 
took place'®. The high relative amounts of stanol in Shirakoma 
sediments presumably resulted from the concentration of stanol 
derived from organisms by the preferential degradation of stenols 
under oxidative conditions, until incorporation into the bottom 
sediments, 

The plankton mixture from the lake yielded a very small 
amount of stanols (two orders of magnitude less than the amount 
of stenols) (Table 1). The major stanol was 5a-cholestan-3f-ol. In 
comparison, ~ 80°% of total stanol in the sediments was 24-ethyl- 
S4-cholestan-3f-ol (Table 1). This stanol is a major component in 
terrigenous-derived material (land plants and soils)?!. This in- 
dicates that stanols derived from organisms on land may contri- 
bute significantly to stanols found in lacustrine sediments, which 
contain major proportions of terrigenous organic materials. 
Therefore, the relative abundances of C,--sterol (plankton 
origin) and C,,-sterol (terrestrial origin) in young sediments may 
provide a strong clue to the origin of stanols (from organisms 
and/or from microbiological hydrogenation of stenols). 

Gaskell and Eglinton!’ reported that stanols in Rostherne 
Mere sediment (0-30 cm in depth) were derived from stenol 
hydrogenation during burial. But the striking predominance of 
C9-sterols (24-ethylcholesterol + 24-ethyl-5a-cholestan-3f-ol) in 
both 7-18 cm and 18-30cm levels of Rostherne sediment in- 


during transportation to the bottom sediments. This may also be 
the case with the stanols in the 24-26 cm and 30-36 cm levels of 
Suwa sediments?!. ' 

Thus, the possible significant contribution of organism-derived 
stanols to sediments is not necessarily evidence for the operation 
of microbiological and/or chemical reduction of stenols during 
preservation. It is hoped that the ability to discriminate between 
stanols deriva from the hydrogenation process and from or- 
ganisms well provide information essential for understanding the 
origin and fate of steroid compounds in sediments. 

In view of the scarcity of stanols in living organisms (land 
plants and various plankton species)'”**", the relative abundance 


Nature Vol. 270 22/29 December 1977 


of stanols from organisms in early sedimentation may be a useful 
indicator of the operation of diagentic processes under oxidative 
conditions. For example, the ratio of stanol to sterol 
(stenol + stanol) in Shirakoma sediments, various soils and Suwa 
surface sediments may provide information on the degree of 
diagenetic alteration undergone by the organic materials in the 
same sediments under oxidative conditions. i 
I thank Professor Hanya and Dr Ishiwatari of Tokyo Metro- 
politan University for providing GLC-MS facilities, also Pro- 
fessor T. Koyama of Nagoya University, Water Research In- 
stitution, for his helpful comments. a 
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Flandrian sealevel changes in the Thames 
Estuary and the implications for land 
subsidence in England and Wales 


CATASTROPHIC flooding occurred in the Lower Thames and 
lowland coastal areas of eastern England in 1953. Large-scale 
investment in port, freight, factory facilities and connected 
urban development, has centred in these littoral and coastal 
zones. The effects of changing sealevels, such as seen in 1953, 
could, therefore, cause even greater economic and human loss 
in the future, unless government expenditure on flood allevia- 
tion schemes, as exemplified by the Thames barrage project, 
is increased and a coordinated flood protection policy estab- 
lished. Information on the rate of changing relative sealevel 
in south-east England is thus of great value. (A description 
is given here of a stratigraphic study upon the interleaved 
Flandrian biogenic and inorganic deposits of the Lower Thames 
estuary, carried out between central London and the Isle of 
Grain (Fig. 1).) From this, the heights of relative sealevel move- 
ments were determined and plotted against time to show the 
rate of relative sealevel change and subsidence trends for the 
Thames and southern England. The vegetational and environ- 
mental history was deduced from pollen, tiatom and other 
micro-fossil analyses, with radiocarbon dating applied to 
establish an objective chronology. 

The Flandrian sequences are developed on a fluvially- 
dissected late Devonian gravel surface, which falls progres- 
sively in height from west to east. The intercalated alluvial 
deposits continue this west~east dip, increasing in degree from 
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Fig. 1 Sketch map of the Lower Thames area. 


Broadness Marsh eastwards. The inorganic fraction is com- 
posed of fine blue grey muds <60 um in diameter, with silt- 
and clay-sized particles dominant. From these phases of 
inorganic deposition five marine transgressions are recognised 
(see Table 1). 

A complete profile of the diatom assemblages from Tilbury, 
in conjunction with other diatom and malacological studies, 
shows the importance of brackish water and tidal influences 
in the estuary from the outset in Thames 1. The full marine 
effect was established soon after in the sequence, as character- 
ised by the diatoms Melosira sulcata, M. westii, Cymatosira 
belgica, Coscinodiscus excentricus and Raphoneis spp. Towards 
the top of the deposits a fresh/brackish water influence becomes 
dominant. This shows a lessening of the marine effect nearer 
the present day, and is consistent with the accompanying 
decline in the rate of relative sealevel rise (Fig. 2). 

The biogenic layers, formed by wood and monocotyledonous 
peats with gyttjas,show distinct internal changes in composition 
along an east-west transect. At the eastern end, Phragmites 
and saltmarsh peats dominate the deposits, changing up- 
stream to form freshwater oak-alder fen wood peat. West 
of Broadness Marsh, all the sites showed seral vegetational 
development over the contact zones in the biogenic layers, 
changing from wood fen peat to Phragmites and then salt- 
marsh peat before the close and also before the onset of a marine 
transgression. This vegetational pattern supports the diatom 
evidence of an early and increasing salinity influence down- 
stream and the rapid upstream progression of the tidal limit 
towards central London. 

Pollen and macro-fossil analyses show the importance of 
the local influences of saltmarsh and fen environments on the 
vegetational history of the area. Arboreal pollen of Alnus, 
Quercus, Corylus type and Tilia occur in high frequencies 


throughout. Following the recognition of the Ulmus decline 
at the Thames site at about 5,000 yr Bp, non-arboreal pollen 
becomes dominant in the area’s pollen rain, reflecting both 
increasing anthropogenic activity and rising sealevel. In a 
regional context, the rational limit of Alnus pollen’ has been 
placed between 8,510-+-110 and 8,170-+.100 yr Br, with high 
Alnus frequencies occurring in a late Boreal VIc pollen context?. 
This dating is the earliest established at present for the rise of 
alder in south-east, central southern England and East Anglia. 
As such, it indicates the importance of wet valley conditions 
and related physiographic factors on the growth and expansion 
of this taxon in the Flandrian. From the biogenic deposits 
five regression phases, Tilbury I-V, have been recognised 
throughout the area, with Tilbury forming the type site. 

From 19 radiocarbon-dated index points, taken from the 
regression and transgression contacts of the interleaved deposits, 
relative sea-level curves have been drawn for the area (Fig. 2). 
These contacts show the contemporary positions of MHWST, 
as determined by the biostratigraphic analyses. Compaction 
and consolidation corrections have not been used. Use of such 
corrections assumes a detailed geotechnical knowledge of the 
in situ behaviour of interleaved inorganic and biogenic deposits, 
which as yet has not been demonstrated®?*. Further, correc- 
tions from individual cores cannot be used by themselves to 
represent regional changes of level satisfactorily, because of 
the great local variability of the sediments. From Fig. 2 some 
general conclusions about the movement of sealevel can be 
drawn for the Lower Thames: 

(1) 8,500/300-7,000 yr Be showed a rapid rise of sealevel 
from — 25.5 m to —8.9 m OD (ordnance datum): Peat growth 
occurred on the basal Devonian sand and gravel surface, 
dependent on the rising freshwater table. No regression 
phases were recorded during this time. The rate of submerg- 
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ence was approximately 1.3 cm yr, compared with 1.2 cm 
yr~! for the Netherlands’ and 1.5cm yr for north-west 
England®. 

(2) Sealevel fell for about 300 yr between 7,000 and 6,700 yr 
BP, with formation of alder wood peat. 

(3) During Thames H sealevel rose between 6,600 and 5,500 
yr BP from —10.1m to —5.0m OD. This forms the most 
extensive transgression recorded in the sequence, although the 
relative sealevel rise has fallen to 0.5cm yr~! compared to 
0.36 cm yr~! for the Netherlands.’ 
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The ‘best fit? line for the behaviour of sealevel, expressing 
the positive and negative movements represented by the inter- 
calated clays and peats, is an oscillating curve (Fig. 2). A mean 
line for the index points, forming the relative sealevel curve 4, 
is also produced to show the overall trend of a steadily rising 
sealevel with time. These curves show a strong similarity in 
the form and rate of relative sealevel change with those of 
north-west Europe’. The timing and amplitude of movement 
in the Thames disagrees with the sealevel curve produced for 
the Essex coast*. This is probably because of the differing 
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Fig. 2 Relative sea-level curves for the Thames Estuary. 1, Relative movement of mean high water spring tides (MHWST) at Tilbury. 
2, Relative movement of mean tide level (MTL), derived from the difference between MHWST and MTL of the sample contact points. 
3, Relative movement of MHWST from Crossness, Stone Marsh, Dartford Tunnel and Broadness. 4, Curve representing the mean line 


for the sampled contact points. Th I-V are transgression sequences 


recognised in the Thames estuary. Index points are as follows: 1-8, 


Tilbury (T); 9-13, Stone Marsh; 14-16, Broadness Marsh (B); 17-18, Crossness; 19, Dartford Tunnel. 1G, Isle of Grain. 


(4) Between 5,500/5,000 and 4,000 yr BP a major regression, 
Tilbury III, took place with formation of thick monocotyledon- 
Ous peat, becoming wood fen peats upstream. Environmental 
conditions in the estuary would not have been sensitive enough to 
record more minor fluctuations in sealevel, shown for this time 
in the open coastal sediments of north-west England® (Fig. 3). 
(5) Thames II shows a rapid rise in sealevel between 4,000 
and 3,000 yr Bp to levels between —1.4m and —2.5m OD. 
A minor regression phase Tilbury [V is recorded in the form 
of a thin silty peat. The timing and height of this event varies 
in the estuary and may result partly from different rates of 
sedimentation and relative subsidence in the estuary. 

(6) Following this regression, sealevel rises above present 
ordnance datum (Newlyn), reaching +0.4 m OD ~ 1,750 yr 
BP at Tilbury. At this level, a thin non-persistent silty peat records 
a further regression termed Tilbury V. 

(7) Duringe Thames V, over the last 1,000 yr, sealevel for 
MHWST continued to rise rapidly, possibly reflecting increased 
embanking and building in the estuary. 


environmental and sedimentalogical histories of the two areas, 
in addition to the wide variety of data sources used by Green- 
smith and Tucker for this area. Despite the local and regional 
inaccuracies implicit in sealevel data, comparison of 
Flandrian relative sealevel curves from similar area «based 
studies in England and Wales has allowed trends in land sub- 
sidence to be drawn. Within the Thames, possible differential 
down-warping of about 1.5m has been identified between 
Crossness and Tilbury for the Flandrian, shown by the differ- 
ential between curves | and 3 (Fig. 2). Changes upstream in 
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Table 1 Flandrian transgression sequences jn the Lower 
Thames estuary 








Thames V ~ 1,750 yr BP 

Thames IV 2,600- / yr BP 
Thames HI .. 3,850-2,850 yr BP 
Thames II 6,575-5,410 yr BP 
Thames I 8,200--6,970 yr BP 
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Fig. 3 Relative sealevel curves indicating subsidence trends in England and Wales. Transgression (upward arrow) and regression (downward 


arrow) contacts from intercalated peat and clay deposits in north-east 
in preparation); curve 3 from the 


England*®; curve 2 from south-west England (R.J.D. 


represents the movement of MHWST at Tilbury, 


the tidal amplitude in the estuary, however, may form an 
important component here. The regional trends of relative 
west-to-east and north-to-south down-warping in England! 
are supported (Fig. 3). By comparison, the amount of relative 
land subsidence for south-east England relative to the south- 
west, formerly given as 6.1m since ~ 6,500 yr BP , is not 
confirmed. This figure was based on inadequate field data and 
a lack of understanding of the inequalities in cross-continental 
correlations of sealevel movements—-the changes in 
geoidal configuration, tectonic stability and tidal amplitude. 
Comparison of the curves derived from biostratigraphic and 
HC analyses of the transgression and regression contacts of 
intercalated deposits in these two areas, shows a consistent 
trend of down-warping of the south-east relative to the south- 
west. The value for this relative subsidence may be placed at 
2-3m for the Flandrian’®. But, rate of down-warping are 
seen to vary with many local environmental parameters, for 
example. compaction and consolidation ratios, tidal regimes?? 
and changes in the height of the regional sea surfacei® t, 
making generalisation of subsidence values tenuous. 
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Are spreading centres 
perpendicular to their transform faults? 





A COMMON assumption in seafloor spreading is that mid-ocean 
ridge crests are aligned perpendicular to their transform faults 
and, hence, to their spreading directions. There are some well 
known exceptions to this rule, for example, the Reykjanes Ridge. 
Vogt er al.’ suggested that spreading systems may take one of two 
configurations: either a transform faultless, oblique con- 
figuration or a perpendicular one. He then assigned the Reykjanes 
and certain older anomaly sets to the first category and the rest, 
the segmented, faulted ridges to the latter. We agree with this 
bimodal separation of ridge types, and here we discuss only the 
latter, the transform-faulted ‘perpendicular’ group. We examined 
all available detailed data from this group, and wherever we could 
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find a fine scale map which included both transform fault and 
spreading centre we measured their trends. Of eight segmented, 
find a case which was, in fact, perpendicular. All were 6-38" 
oblique, and all were oblique in the sense which shortens the 
connecting transform faults, that is, the configurations in Fig. la as 
opposed to those shown in Fig. 1b. Fast- and some intermediate- 
rate spreading centres, on the other hand, seem to be per- 
pendicular within the errors of measurements. These results are 
particularly interesting for the constraints that they place upon 
models of spreading centres in which the ridge crest-transform 
fault angle is used as a measure of the relative amounts of energy 
dissipated by these two features as motion occurs across them. 
While working on the masses of data recently collected in the 
famous area, we became convinced that the spreading centres are 
not perpendicular to the transform faults here. They are aligned 
17° oblique to the spreading normal direction and their oblique- 
ness is such that the transform faults are shortened (C, R in Fig. 
1). Furthermore, this obliqueness has been quite stable through 
time. Before about 5 Myr ago, the spreading direction seems to 
have been about N 105 E while the spreading centre trend was 


normal. Between 5 and 3 Myr ago, the direction changed to E-W, 
causing the spreading centre to break into short segments and 
rotate toa N 17° E trend. The small east-west transform faults in 
the Famous area formed during this change. This new oblique 
configuration seems to have continued to the present. The 
maintenance of the oblique relationship through the readjustment 
in directions shows that it is not a chance occurrence. It is the 
stable configuration for this spreading system. 

Let us review the data which led to these conclusions. The 
alignment of the presently active transform faults and spreading 
centre are well documented. In the fracture zones, large, medium, 
and fine-scale topography as well as microearthquakes all show 
east-west lineations* *. In the spreading centre, the central 
magnetic anomaly, the large-scale topography. and more than 
700 fine-scale tectonic lineations (faults and fissures) mapped in 
the rift inner floor all have a pronounced N 17° E strike?’ (Fig. 
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Fig. 1 Spreading centre alignments which result in (@) shortening 
of the connecting transform faults and (b) lengthening of the 
transform faults. All measured oblique cases are the type shown in 
(a), that is transform shortening type (C, R or CC, L). C and CC 
signify clockwise and counter-clockwise rotations of the spreading 
centres with respect to the spreading normal directions. R and L 
signify right and left lateral offsets of the spreading centres by the 
transform faults. 


they form part of a nearly symmetrical Gaussian distribution of 
lineation strikes which has a median of N 17° E and a standard 
deviation of only 6 (ref. 5). Since the lineation pattern is normally 
distributed about N 17> E, we feel that it is misleading to interpret 








Table 1 
~ Half 
Angle of Sense of spreading Data type 
Location obliqueness obliqueness* rate (cm yr‘) used? - Ref, 
Mid-Atlantic Ridge | _ l 
1] “N(Vema F. Z.) aa CCL 1.5 I 14,15 
ISN TOFA CC,L 1.5 T 16 
30 N (Atlantis F. Z.) 6 +4 C.R | T I7 
37 "N {Famous Area) aw C.R I PMLE 2,3.4.6 
40 N (Kurchatov F. Z.) 38° +5 C,R | T 17.18 
52 N (Charlie-Gibbs F. Z.) 35 § CCL | ] 19 
Gulf of Aden 
48 E 16 +6 CO. | TM 20 
Si E (Alula-Fartak F.Z.) Is ET CCLL i T.M 2] 
Juan de Fuca Ridge NON 
44 "N (Blanco F. Z.) IDS CCLL 3 M 22 
Gulf of California bps on | 
23 N (Tamayo F. Z.) E3 P 3 T.M 23,24 
Galapagos Spreading Centre ae , 
(Panama F. Z.) 2° +3) P 3 TM.E 25 
East Pacific Rise PAREN l 
9 °N (Siqueiros F. Z.) O4 P 6- T + 
3 °S (Quebrada F. Z.) 0 +3 E a5 T $ 
6 Snorthern : 4 +4 P(C.R) To TM 26 
southern 4 +4 P(CC.R) 7.5 26 
N. E. Pacific o 
40 °N (Mendocino F. Z.) O +2 P ie ee 
34 N (Murray F. Z.) ~~ fo +3° P 50 TM 28,29 


—_—_——e a ee en en a E SI TT Te TTT ONIN 


*See Fig. efor explanation of symbols: P, perpendicular: F. Z., Fracture Zone. 
YM, magnetic anomalies; T, topographic chart; E, earthquake epicentral locations. 


£B. R. Rosendahl and L. Dorman unpublished chart. 
$P. F. Lonsdale, data from Pleiades cruise 1976. 
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the observation of a few north-south lineations as evidence for 
readjustment to orthogonal spreading as some workers have 
done. The magnetic maximum along the inner floor axis is caused 
by crust less than 0.2 Myr old and it also has a N IT E trend’. 
This is independent evidence that even the youngest crust in the 
inner floor is created in a direction oblique to the nearest 
transform faults. 

Evidence tor the alignment between recent umes and 3 Myr, and 
for the preceding change in direction. comes mostly from the 
magnetic anomalhes (Fig. 3), although their interpretation is 
supported by lineation of the large-scale ridge crest topography. 
Deep-tow and surface magnetic data indicate that magnetic 
anomalies back to 2° trend about N 17 E. Between anomalies 2’ 
and 3° (2.5-5.2 Myr BP) the magnetic Hineations rotate so that 
anomalies 3° and older show a trend of N 35-45" E. (Bird and 


Myr age. It seems that the time interval they used in stacking the 
anomalies was too large to resolve the change in trend for 
anomalies less than 3 Myr old.) The magnetic anomalies in Fig. 3 
are offset right-laterally back to anomaly 2”. Between anomalies 2’ 
and 3} the anomalies change trend, the offsets decrease and the 
topographic fracture zones disappear. For anomaly 3’ and older, 
the magnetic lineations are nearly continuous in a N 35-45° E 
direction. To establish the spreading direction before the change 
in direction and the creation of the Famous area fracture zones, 
we must find a larger, more continuous fracture zone. The nearest 
major one is the Oceanographer, at 35° N. There is some 
confusion about this feature since its overall trend is NIOS” E, not 
east-west like the smaller fracture zones. We interpret this to be 
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because the fossil direction, the direction of spreading before the 
change, and the present east-west motion has not continued long 
enough to develop a clear readjustment in the gross topography of 
this long offset fracture zone. Young east-west motion is shown by 
medium-scale east-west features around the zones '':'? and by a 
tightly constrained focal mechanism solution'*. Thus, we assume 
that the present direction of relative plate motion to be east-west 
while the direction before 5 Myrago was 15 southofeast. The older 


Given this line of reasoning, we conclude the following: on 
the Mid-Atlantic Ridge at 35-37°N (1) spreading is stably 
oblique at present; (2) the spreading pattern has had a stable 
obliqueness of 17° in the present configuration for approximately 
3 Myr: (3) spreading was 20-30" oblique in this area before 5 Myr 
and remained oblique through a change in spreading direction 
and creation of new fracture zones. 

We may have made a mistake in using fracture zones A and B to 
delineate recent plate motions. In a re-evaluation of global plate 
tectonic solutions, T. Jordan and B. Minster (personal com- 
munication) and others have shown that the north-central 
Atlantic is one of several problem areas; in particular the 
east-west relative motion indicated by these transform faults is 
difficult to reconcile with other plate motions around the Azores 
triple junction. A more acceptable motion on those grounds 
would occur if the direction of relative plate motion in the 
Famous area were somewhat south of east. This implies an 
oblique opening across the Famous area fracture zones. While 
detailed deep-tow, microearthquake, and submersible studies? * 
indicate that this is not the case, we cannot entirely rule it out. If 






Fig. 2 Tectonic map Famous area 
showing major scarps of rift valley 
and Fracture Zone A*® and rose 
diagram showing orientation of 100 
small lineations in the inner floor and 
walls*. Both large and small features 
show a NIZ? E trend for the rift 
valley. Distinct scarps show an ap- 
proximate east-west trend for Frac- 
ture Zone A. 
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Fig. 3 Sketch map of magnetic lineations in the Famous area? 
{modified from Philips and Fleming, in preparation). Hachured 
areas show extent of magnetic anomalies as detailed by deep-tow 
survey”. Rift valleys and transform faults are shown as mapped from 
the bathymetry. Note that anomalies younger than 2’ are aligned 
approximately N20° E and are offset by the transform faults while 
anomahes older than 2° are aligned approximately N40° E and are 
not significantly offset. The transform faults seem to have originated 
at the time of the change in direction, between anomalies 2 and 3. 


Jordan's preferred direction is assumed, the amount of obliquity 
for the last 3 Myr is reduced (to 5-10°) but is not eliminated, and it 
is still in the transform shortening sense. 

As we became convinced of the stable oblique spreading in the 
Famous area, we began to wonder if most ‘perpendicular’ 
spreading systems might be somewhat oblique. While no other 
area of the oceanic ridges is known as thoroughly as the Famous 
region, we found a number of sections which are well enough 
mapped either topographically, magnetically, or both to allow 
measurement of trends. For slowly spreading regions (half-rate 
less than 3 em yr” +), we found eight such surveys which include 
both spreading centres and adjoining transform faults. These are 
listed in Table | with their angles of obliqueness and a subjective 
estimate of the uncertainty with which the mapped features 
constrain the trends. As shown all these ridges were found to be 
oblique, without exception, and, furthermore, every case was 
oblique in a transform-shortening sense (either C, R or CC, L). 
Not included in the table is Johnson and Vogt’s*! chart of the 
Mid-Atlantic Ridge 47 -50 N. The 500-m contour interval of the 
chart was top coarse to make precise measurements. Most of the 
ridge segments, however, seem to be 15 -40 oblique. 

For fast spreading centres, only three high resolution, fine- 
scale maps exist which include both the ridge crest and the 
adjoining transform fault. These are shown in the Table. In all 
cases, the transform faults are perpendicular to the spreading 
centres. 

In the survey at 6° S, the transform fault trend is controlled by 
only two crossings. The magnetic signature of the fault is so sharp, 
however, that we consider it to be reasonably controlled. Note 
that the southern intersection at 6° S has an obliquity of 4 in a 
transform lengthening sense, but within the measurement error, is 
indistinguishable from perpendicular. Rea’? suggests that the 
odd trends in the area are due to a recent change in spreading 
direction with a lag in the topographic adjustment. 

Some data exist in other fast spreading areas. Less detailed 
maps of the Pacific-Antarctic Rise indicate that the angle between 
the spreading centres and transform faults is never resolvably 
different from 90° (ref. 29). In the north-east Pacific, an older 
region of fast spreading has been quite well mapped. The 
configurations of the ancient ridge crests and transform faults are 
preserved in the magnetic lineations and fracture zones and these 
also are perpendicular, as shown in Table 1. 

Reasonable surveys exist for three intermediate-rate spreading 
centres, half-spréading rate around 3 cm yr™!. As shown in Table 
l, these give mixed results. The Juan de Fuca Ridge is un- 


The other two, the mouth of the Gulf of California and the 
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Galapagos Ridge, do not seem to be significantly different from 
perpendicular. | 

Why do spreading plate boundaries break up into alternating 
ridge and transform fault segments? Why don’t they simply retain 
the irregular shape which they inherit from the original plate 
break up? Lachenbruch and Thompson*? and Lachenbruch*? 
suggest that the final stable configuration taken by the ridges and 
transform faults is the one which minimises the mechanical energy 
dissipated during the accretion and spreading processes. The 
perpendicular configuration is that which minimises the length of 
ridge crest in the system at the expense of adding whate¥er 
amount of transform fault ts needed. Thus, if the minimum 
energy principle is correct, oblique configuration implies that the 
energies dissipated by the two features are more comparable. To 
quantify this comparison, Lachenbruch** developed a ratio, S/F}, 
which is approximately equivalent to the ratio between the energy 
dissipated along the transform fault and that dissipated in the 
spreading centre. Configurations which are nearly perpendicular 
like those found at the fast spreading centres, result in a value for 
S/ro near zero. In cases of oblique spreading the relationship 
between angles and energies is more difficult to evaluate. While 
transform faults are relatively well understood, the energy dissi- 
pated by spreading centres depends on the emplacement model 
assumed and very few constraints exist for such models. Lachen- 
bruch*? derives some appropriate equations describing the vari- 
ous likely model types. Using his models and our measured 
obliquenesses, the S/ry ratio ranges from 0.2 to 1.6. In other 
words, the amounts of energy being dissipated by the transform 
faults and by the ridges in slow-spreading systems seem to be 
of about the same magnitude. 

The concentration of earthquakes at transform faults shows 
that they are active dissipators of energy. The above discussion 
implies, however, that the spreading centres dissipate as much 
energy as the faults and in many cases much more. This is not very 
surprising for slowly spreading centres. The rifts at their centres 
are commonly assumed to be an indication that emplacement of 
new material at depth is accomplished only with difficulty and 
thus at the expense of considerable dissipation of energy. Fast 
spreading centres, however, have a profile which closely ap- 
proaches that expected from buoyancy in a relaxed state. We 
would expect the energy dissipation to be less in this case. This 
presents us with a basic dilemma, since fast ridges are nearly 
perpendicular, implying a very small value for S/ro. If, as we 
concluded, the energy dissipated by fast spreading centres is 
small, it follows that the energy dissipation on fast transform 
faults is very small, and in particular, it is much less than that 
dissipated on slow transform faults. 

This ramification of the minimum energy argument is difficult 
to accept. It is possible to think of arguments to suggest that slow 
transform faults might dissipate more energy than fast ones or 
vice versa. In either case, however, one might expect that the total 
energy dissipation should be a function of fault length, longer 
faults dissipating more energy. In fact, the minimum energy 
argument as interpreted above would suggest that the energy loss 
on the Siqueiros transform fault (perpendicular configuration, 
fast rate) must be much less than the loss on transform fault A in 
the Famous area (oblique, slow rate), even though the former is 
more than seven times as long as the latter. The conflict would be 
even greater comparing transform fault A with the fossil offset of 
the Mendocino transform fault, for example. This leads us to 
suspect the validity of the minimum energy principle, at least as it 
is presently formulated. i 

We conclude, therefore, that all well-studied, segmented, slow 
spreading centres are oblique to their transform faults, while fast 
spreading centres seem to be very nearly perpendicular, and 
intermediate-rate centres are sometimes obliqwe and sometimes 
perpendicular. In all cases of significantly nonperpendicular 
ridges, the obliqueness is in the sense such that the transform 
faults are shorter than they would be if the ridges were per- 
pendicular. Furthermore, the configurations at given spreading 
centres seem to be stable for millions of years and through 
changes in direction of spreading. We believe that these obser- 
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vations may supply a strong constraint for mechanical models of 
seafloor spreading and that they raise serious doubts concerning 
presently accepted models. 
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Seafloor spreading south 
of the Agulhas Fracture zone 


FRANCHETEAU and Le Pichon’ have suggested that before the 
break-up of Africa and South America the continental’ 
Falkland Plateau fitted against the southern and south- 
eastern margin of South Africa from the southern tip of 
the Agulhas Bank to a position between East London and 
Durban. During break-up the Plateau acted as part of the 
South American plate and moved past Africa along a line 
of shear which was coincident with an initial marginal offset 
of approximately 610 miles. H the hypothesis is correct and 
normal spreading took place to the present, the original 
offset should be preserved in the present-day mid-Atlantic 
Ridge. In addition, a fracture zone should bound the 
southern margin of Africa and extend westwards to the mid- 
Atlantic Ridge, and the Cainozoic’ and Mesozoic’ magnetic 
lineaments that have been traced in the Cape Basin should 
be present in the Natal Valley, Transkei Basin and northern 
Agulhas Basin south of the fracture zone, trending per- 
pendicular to it. New magnetic and bathymetric data pre- 
sented here lend qualified support to the hypothesis and 
give an indication of the possible seafloor spreading history 
of the area. 

Bathymetric, gravity and magnetic data’~’ have been used 
to prove the existence and accurately trace the position of 
the Agulhas Fracture Zone’ south of the southern con- 
tinental margin of South Africa. West of the southern tip 
of the Agulhas Bank its existence has been proven’ but it 
has hitherto not been accurately traced or linked with a 
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specific morphological feature on the sea floor. Data from 
numerous traverses that were run by the RV Thomas B. 
Davie of the University of Cape Town were used to update 
the bathymetric map of the South Atlantic of Simpson” in 
the area of the Cape Rise. The new map is presented in 
Fig. 1. It features a ridge that starts at 23.5°E and extends 
south-westwards. South of the Agulhas Bank the ridge 
height is variable along its length; less than 500m above 
the surrounding sea floor in places and up to 3,000 m high 
in others, for example Mallory Seamount. West of the tip 
of the Agulhas Bank it becomes a low relief feature 
(<500 m) extending to the Richardson Seamount where it 
again changes character to become an elevated (> 2,000 m) 
structure which can be followed to 5°E. The total feature 
is here named the Agulhas Ridge. The 68° small circle 
about Le Pichon’s"’ early pole of opening for the South 
Atlantic has been superimposed on the map and is seen to 
closely coincide with the trend of the Ridge between 23.5°E 
and 5°E. This leads to the conclusion that the Ridge 
accurately reflects the westward extension of the Agulhas 
Fracture Zone and is the exact counterpart to the linear 
basement structure that marks the Falkland Fracture Zone 
between 28°W and 40°W (ref. 9). 

There is little suitably orientated magnetic data from 
south of the Agulhas Fracture Zone. For the purpose of 
this letter a single composite track, run south of and parallel 
to the fracture zone from the latitude of Durban to the mid- 
Atlantic Ridge, was built up from two unpublished traverses 
of the Geological Survey of South Africa (Pr. 2a and 2b), a 
short section of traverse from Emery et al.’ (Pr. 2c) and 
from traverse 1103 of Ladd er al? (Pr. 2d). The insert in 
Fig. 2 shows the position of their tracks. In Fig. 2 the mag- 
netic profile derived from measurements taken on these 
traverses (Pr. 2) is compared with a typical profile obtained 
north of the fracture zone across the Cape Basin between 
Cape Town and Tristan da Cunha (Pr. 1). The latter profile 
has been subdivided into four zones for the purposes of this 
discussion. Zone A includes the anomalies of the Cainozoic 
sequence terminating in Anomaly 34 (82-85 Myr psp, ref. 
13). Following on Anomaly 34 there is a very quiet field 
defined as Zone B. Zone C includes an initial group of large 
amplitude anomalies followed by anomalies of shorter wave- 
length and lesser amplitude. These anomalies have been 
correlated with the Cretaceous Normal Polarity Epoch by 
some’* and with the later anomalies of the Mesozoic 
sequence by others’. Zone D includes a set of high ampli- 
tude anomalies which Larson and Ladd* named the Cape 
Basin Lineaments and correlated with anomalies MO to M12 
(~108 to ~128 Myr sp) of the world-wide Mesozoic 
sequence’. 

In comparing Pr. 2 with Pr. | it is seen that a large 
negative anomaly occurs on Pr. 2 in exactly in the same 
relative position that Anomaly 34 occurs in Pr. 1 and that 
though individual intercorrelations are not evident in the 
‘older than Anomaly 3# crust, a grouping of anomalies 
may be recognised that is not dissimilar to the grouping in 
the Cape Basin. Pr. 3 to 6 (Fig. 2) are from four closely 
spaced sub-parallel traverses which were run in the Natal 
Valley between the latitudes of East London and Durban. 
The clear intercorrelation that exists between individual 
anomalies on Profiles 2a, 3, 4 and 5 confirms that these 
lineations that may be equivalent with the anomalies in 
Zone D in Pr. 1 in fact, trend perpendicular to the supposed 
local transform direction. In summary, the evidence 
indicates that at 85 Myr pepe the original offset in the 
mid-ocean ridge system of 610 miles was still in existence. 

On the ‘young side’ of Pr. 2 Ladd et al? have shown that 
the present-day mid-Atlantic Ridge is offset #y a mere 150 
miles in the same sense as the original offset awd that the 
normal Cainozoic sequence is present to at least Anomaly 
24 (60 Myr Bp) east of the mid-Atlantic Ridge. Beyond 24 
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Fig. 1 A bathymetry map with a 500-m contour line interval featuring the Agulhas Ridge which marks the extension of the Agulhas 
Fracture Zone west of South Africa. Insert shows the area covered by the map relative to Southern Africa. The 68° small circle about 
Le Pichon’s" early pole of opening at 21.5°N, 14°W (stippled line) and the 48.7° small circle about 6°N, 4°W (dotted line) are shown. 
The first small circle closely approximates the trend of the Agulhas Ridge west of 23.5°E. The second smaller circle is better approximation 
of the trend of the continental margin east of 23.5°E. The following are also shown: the boundaries between magnetic anomalies groupings 
A, B, C and D occurring south of the fracture zone which are correlated with a similar grouping of anomalies in the Cape Basin; the 
positions at which anomaly 34 is traced south of the fracture zone; positions M and N which indicate respectively the positions from which, 
and to which, the mid-ocean ridge is believed to have jumped at approximately 67 Myr BP. 


the traverse crosses the Agulhas Fracture Zone into the 
Cape Basin. In the absence of any evidence of asymmetrical 
spreading the simplest mechanism which can be invoked to 
explain the difference between the present day offset of the 
mid-Atlantic Ridge and its original offset is a ridge jump 
of (610-150 =) 460 miles to the west sometime between 
60 Myr (Anomaly 24) and 85 Myr (Anomaly 34) ago. In 
the central portion of Pr. 2 the data are consistent with the 
proposed jump having occurred at approximately 67 Myr 
BP (Anomaly 26): there is an apparent mirroring of mag- 
netic lineaments about the point marked M where the ocean 
floor is rugged and slightly elevated above the normal level 
in the Agulhas Basin (Figs 1 and 2). Anomaly 34 occurs 
both to the east and west of.M and so too, do Anomalies 
31 and 32 (with less assurance). The position to which the 
ridge could have jumped is indicated by the point N on 
Figs I and 2. 

A number of observations follow on the acceptance of 
this hypothesis. (1) The Agulhas Plateau is underlain by 
oceanic crust but is not an extinct spreading centre as sug- 
gested by Scrutton’®. Assuming seafloor spreading to have 
started in the area at 128 Myr pp (ref. 4) the age of the 
crust which was involved in the tectonism and/or vulcanism 





that created the Plateau centres on approximately 95 Myr 
BP. (2) In the block bounded by latitudes 45° and 50°S and 
longitudes 0° and 5°E there is an elevated plateau 
(~ 2,500 m) west of M which overlies crust of similar age 
to the Agulhas Plateau. It may be the product of the same 
tectonic event. The plateau is here named the Meteor 
Plateau (Fig. 1). (3) The trend of the Agulhas Fracture 
Zone does not exactly correspond with a small circle about 
Le Pichon’s” early pole of opening east of 23.5°E. The 
curvature of the small circle is less than the curvature of 
the fracture zone which has been defined as occurring at 
the base of the steep continental slope in the area®. A better 
fit is obtained by plotting the 48.7° small circle about a 
pole of opening at 6°N, 4°W. This lends support to the 
suggestion of a number of workers*™'®Y that during the 
earliest phase of opening of the South Atlantic spreading 
was about a pole other than the Le Pichon’s. early pole. The 
Agulhas Plateau may reflect the tectonic response of the 
crust to a readjustment in the spreading direction on the 
mid-ocean ridge when it reached 23.5°E in the area, 95 Myr 
ago. (4) M is situated near to the point where the Agulhas 
Ridge undergoes the dramatic change from a low narrow 
ridge to a complex elevated structure and N near to the 
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Fig. 2 Total magnetic field profiles plotted perpendicular to transform direction relative to an arbitrary datum and aligned on to the first 
‘apparent’ seafloor spreading anomaly adjacent to the continental margin. Map insert gives positions of tracks. For data sources see text. 
Pr.] is a typical profile across the Cape Basin with Mesozoic anomaly identifications following Larson and Ladd‘. Pr.2 is a composite profile 
from south of, the AFZ (Agulhas Fracture Zone). Four groupings of anomalies (Zones A, B, C and D) are shown to occur similarly on 
Pr.1 and Pr.2. A few tentative individual correlations are shown. Clear intercorrelations between the anomalies on Profiles 2a, 3, 4 and 5 
show thatthe anomalies of Zone D in the Natal Valley trend perpendicular to the AFZ. An apparent symmetrical arrangement of the 
Cainozoic anomalies 27-34 occurs about point M south of the AFZ. A ridge jump of 460 miles from M to N is postulated (see text). 
The bathymetry on Pr.2b is shown. 
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western termination of the Ridge. This apparently suggests 
that during the period that vulcanism dwindled on the mid- 
ocean ridge at M, and was Increasing at the new position 
of the ridge at N, it was intense along the Agulhas Fracture 
Zone mainly between the two points and created the elevated 
portion of the Agulhas Ridge. 
A. DU PLESSIS 

Joint Geological Survey/ University of Cape Town 

Marine Geoscience Unit, 
Department of Geology, 
Unwersity of Cape Town, 
Rondebosch, South Africa 
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Ansamitocin, a group of novel 
maytansinoid antibiotics with 
antitumour properties from Nocardia 


WE have isolated a new group of ansamycin antibiotics with 
potent antitumour activity, from a fermentation broth of Nocar- 
dia sp. No. C-15003 (N-1) and have named it ansamitocin. 
Structures of ansamitocin were found to be similar to maytansine 
and related maytansinoids obtained from plant sources by Kup- 
chan et al.'~* and Wani er al.°. These comounds have strong 
antitumour activities, but development of production would be 


harvested in tropical areas and their content in the plants Is 
extremely low. Some attempts have been made to find a 
maytansinoid-producing microorganism”, but no success has been 
reported. We report here the microbial production, isolation and 
structural elucidation of these antibiotics and their antitumour 
activities against several experimental tumours in mice. 

Strain No. C-15003 (N-1), which forms many coraemia-like 
bodies and motile heteromorphic cells was concluded to be a new 
species of the genus Nocardia. Fermentation was carried out at 
28 °C for 4d under aeration and with agitation, in a 2,000-1 
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Fig. 1 Structures of ansamitocon and related compounds. 


fermentor containing 1,000 | ofa culture medium consisting of 5% 
dextrin, 3%, corn steep liquor, 0.1% peptone and 0.5%, CaCQ,,. In 
the culture conditions, most of the active substances were pro- 
duced in the extracellular medium. 

The active substances were extracted with ethyl acetate from 
the culture filtrate. The extract was chromatographed on a silica 
gel column using a mixture of CHCI,-MeOH and aqueous ethyl 
acetate to give five crystalline products, P-1, P-2, P-3, P-3 and 
P-4, of which P-3 and P-4 were the most abundant. The physi- 
cochemical properties of these antibiotics are as follows: P-1, 
CyoH yoCIN,Oy, m.p. 235-236°C, [a]§?—121° (c=0.25 in 
CHCI), MSme 545 (M bi —~a*), P-2, C,,H4,CIN Og., m.p. 
188-190 °C, [a]ġ7 —127° (e=0.35 in CHCh) MS M/e 559 
(M* —a*); P-3, Ca2Has CIN2Oo, m.p. 190-192 °C, [a]ġ? — 136° 
(c=0.375 in CHCl), ultraviolet spectrum yMsO# nm (e) 233 
(30,250), 240 (sh. 28,450). 252 (27,640), 280 (5,750), 288 (5,700), 
PMR (100 MHz in CDCl) 6 p.p.m. 1.27 (d. 3H, — CH — CH3), 
1.28 (d. 3H, ~CH — CH3). MS m/e obs. 573.2471 (cale. 573.2493) 
M+ —a*); P-3’, CagHa3CIN2Oo, m.p. 182-185 °C, [a]? — 134° 
(¢ =0.11 in CHCI), PMR (100 MHz in CDCl) ô p.p.m. 1.05 (7. 
3H, —CH2—-CH;), MS m/e 573 (M* ~a*); P-4, C33HasCIN 209, 
m.p. 177-180 °C, [a] — 142° (¢=0.52 in CHCl) PMR 
(100 MHz in CDC1I,) 6 p.p.m. 1.03 (d. 6H, —CH-(CH;)2), MS 
mie obs. 587.2626 (cale. 387.2649) (M* ~a*). The ultraviolet and 
infrared spectra of these antibiotics resemble each other, and no 
microbial product similar to these antibiotics has been reported 
previously. All of these antibiotics contain two atoms of nitrogen 
and one atom of chlorine per molecule, and their ultraviolet spectra 
resemble that of maytanacine* obtained from a plant source. 

Alkaline hydrolysis of P-1, P-2, P-3, P-3' and P-4 gave acetic, 
propionic, isobutyric, butyric and isevaleric acids, respectively, 
Analysis of the PMR spectrum and spin-decoupling studies of P-3 
demonstrate that the skeletal structure is the same as that of 
maytansine’, 

Reductive hydrolysis of each antibiotic with LIAIH, at lower 
temperature gave maytansinol (P-O) (ref. 4), and acetylation of P- 
O with acetic anhydride in pyridine yielded P-1, maytanacine*. 

In the analysis of mass spectometry, all of these antibiotics gave 


the same characteristic fragment peaks at m/e 485, 470 and 450 as 





Table} Antitumour activity of ansamitocin P-3 and P-4 against mouse leukaemia P388* 


Ansamitocin P-3 


Dose MST ILSt 

(ug kg”! per injection) id} (%) 
50 13.0 1% 

25 24.5 [23 

12.5 19.5 77 

6.3 18.5 68 

3.2 17.5 59 

l6 e 15.8 44 

0.8 13.5 23 

0.4 11.5 § 





Ansamitocin P-4 


MST ILS* 
(d) ro) 
13.8 25 
21.5 95 
19.5 . 77 
19.8 80 
16.0 45 
15.5 41 
14.5 32 
IES 5 


+Percentage increase in lifespan over controls (T/C% ~ 100). 


a 
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those of maytansinoids? *: 485 [M*—*(a+h)], 470 |485- 
IŠS(CH,)], and 450 [485-35(C1)): *(a = H,O + HNCO, 


O 


b=R—COH). 


The MS spectra of P-1 and P-2 were identical to those of 


maytanacine and maytansinol propionate, respectively. We there- 
fore concluded that P-3, P-3' and P-4 were novel ansamycin 
antibiotics. The structures of P-3, P-3’ and P-4 correspond to 
those of unknown maytansinoids, maytansinol isobutyate, 
-butyate and -isovalerate, respectively. Figure | shows the chemi- 
cal structures of ansamytocin and their related compounds. 

Ansamitocin shows strong growth inhibitory activities against 
phytopathogenic fungi, dermatophytes and protozoa, but no 
activity against bacteria. 

Antitumour activity of ansamitocin against leukaemia P388 
was assayed by the method of Geran et a/.’, As shown in Table 1. 
P-3 and P-4 had strong antitumour activity against P388 at daily 
doses as low as 0.8-25 ug kg”! with a maximum effect at 25 pg 
kg '. The wide effective dose range of ansamitocin was very 
similar to that of maytansine*®. Antitumour effects of ansamitocin 
on other experimental tumours were also investigated. In the 
same daily dose range as that used in P388 test system, P-3 and P-4 
were significantly active against B16 melanoma, sarcoma 180. 
Ehrlich carcinoma and P815 mastocytoma, but less active against 
leukaemia L1210. Typical figures of mitotic arrest of various 
ascites tumour cells of mice were observed microscopically 4-9 h 
after a single injection of these antibiotics. In accordance with this 
morphological observation of mitotic arrest, P-3 and P-4. like 
maytansine” '*, completely inhibited the polymerisation in vitro 


of tubulin purified from bovine brain'*:'* at a concentration of 


4g ml ' (S. Ikeyama and M. Takeuchi, unpublished). 

It should be emphasised that the discovery of a microorganism 
producing ansamitocin opens the way for their production by 
fermentation. Also, the supply of ansamitocin with its potent 
antitumour activity may contribute to the research on cancer 
chemotheraphy. 

We thank Drs E. Ohmura. M. Isono and Z. Suzuoki for their 
continued interest and fruitful discussions throughout this work. 
Leukemia P388 was obtained in 1975 from the Cancer Chemo- 
therapy Center. Japanese Foundation for Cancer Research by 
courtesy of Drs Y. Sakurai and S. Tsukagoshi. 
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Radiographic thin-section image of the 
human wrist by nuclear magnetic resonance 


WE present here a detailed image showing the distribution 
of mobile protons in a thin section through a human wrist. 
The image was produced by nuclear magnetic resongnce 
(NMR) techniques. The image consists of 128 by 128 in- 
dependent picture elements and has a resolution of about 
0.4mm. For the first time images produced by NMR can 
be compared in quality to those produced by X-ray 
tomography, 

The addition of carefully controlled inhomogeneous mag- 
netic fields makes it possible to perform NMR measure- 
ments at selected regions of heterogeneous samples and to 
form two-dimensional maps of the distribution of almost 
any property measurable by NMR‘ ". The possibility of 
producing two-dimensional NMR images was first demon- 
strated by P. C. Lauterbur who used the word zeugmato- 
graphy to denote the general method of obtaining spatial 
information by observing the response of a sample to a 
controlled inhomogenous environment’. We have recently 
developed a technique for making the NMR spectrometer 
sensitive to a selected region of the sample™*. By applying 
time-dependent magnetic fields to all of the sample except 
the selected region and by applying intense rf pulses and 
then signal averaging, we observe the signal that arises only 
from the selected region. 

The image in Fig. 1 was produced by a combination of 
techniques. Two uniform orthogonal field gradients with 
differing time dependence were applied to the sample. The 
null planes of the two gradients intersect producing a line 
where the field is static’. This line is the selected region to 
which the spectrometer is sensitive. A third, static, gradient 
was applied along this sensitive line. The Fourier transform 
of the resulting NMR signal gives the distribution of the 
sample along the line. This distribution is displayed as beam 








Fig. 1 An NMR image of the distribution of mobile protons ina 
thin transverse section through the left wrist of one of the 
authors (P.A.B.), The image is orientated as though the author 
were facing you with palm upward and was taken at the level of 
the distal tip of the anterior horn of the lunate. The thumb was 
held close to the palm causing the generfl outline to differ 
slightly from the drawing in Fig. 2. Dark areas in the image 
indicate regions that contain high concentrations of mobile 
protons such as the marrow in the carpals and subcutaneous fat. 
Light areas indicate the presence of tissue with few mobile 
protons such as tendons, nerves and solid bone. Blood in the 
veins and arteries is light due to its motion during the 
imaging process. 
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intensity along a corresponding line on a storage oscil- 
loscope. Scanning the sensitive line slowly through the 
sample whilst simultaneously moving the display line results 
in the formation of a two-dimensional image on the 
oscilloscope screen. 

In producing Fig. 1, the spectrometer settings were such 
that the solid-like or rigidly-bound protons were not 
observed whilst those undergoing rapid thermal motion, as 
in ‘free water’, were observed. The distribution of mobile 
protons in Fig. | can be correlated with the expected struc- 
ture as shown in Fig. 2. The image was recorded 
using a resonance magnetic field of 7kG which gave a 
proton resonant frequency of 30 MHz. The two orthogonal 
field gradients which defined the sensitive line had a 
sinusoidal time dependence with frequency of ~30 Hz and 
were in phase quadrature. The intensity of all three 
gradients was between 1 and 10Gcm''. The phase- 
alternated 90° rf pulses were 15 us long and were applied 
every 1.9 ms. The sensitive line was ~ 0.4mm in width and 
moved by 0.4mm every 2.5s thus scanning the object in a 
total of 9 min. The thickness of the slice was ~ 3 mm. 

The ability to add spatial control to NMR measurements 
provides a tool with considerable potential, particularly in 
the areas of biological and clinical research and perhaps 
medical diagnosis. NMR is a well established and powerful 
analytical technique which is capable of providing detailed 
information at the molecular level. In principle, localised 
measurements can be made of properties such as NMR 
relaxation times 7, and 7», diffusion, flow, and chemical 
shift. We have been able to record the high resolution 
chemical shift spectra of the 'H and "F resonances at small 
selected regions of the sample. The fact that NMR has no 
known associated hazard increases the potential of the new 
technique. No permanent effect has been observed from 
magnetic fields’ and the radio frequency irradiation is 
several orders of magnitude less than that used for 
diathermy. 

Spatially controlled NMR techniques should be applicable 
to many medical problems. Although recent measure- 
ments* '* on excised tissue have given only qualified support 
to the hope that NMR relaxation behaviour can be used to 
detect tumours, it is probable that with continued research, 
NMR parameters can be related to disease states. Oedema 
and ischaemia haye been shown to affect relaxation times. 
One possible medical application is the imaging of fluorine 
in order to follow the changing chemical behaviour and 
physical distribution of fluorine compounds". Although 
fluorine has a very low abundance in biological samples, 
fluorine-bearing drugs can be introduced as tracers. Further 
applications are also suggested by the recent use of fluoro- 
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Fig. 2 An illustration from an 
anatomy textbook which shows 
many of the features visible in the 
image. This drawing represents 
a slightly more distal plane than 
the NMR image which does not 
show the trapezium and shows the 
hamate in place of the capitate. The 
figure is reprinted from page 141 of 
ref. 12 with kind permission of the 
authors and publishers. 
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carbons as blood substitutes and as breathing media in 
small animals. 
We wish to express our gratitude to the other members 
of the group involved in this research, particularly Pro- 
fessor E. R. Andrew and Dr W. S. Moore. The project is 
supported by a grant from the MRC. 
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Developmental compartments 
in the proboscis of Drosophila 


A DEVELOPMENTAL Compartment! in Drosophila is a pre- 
cisely defined region of the adult fly formed by cells of a 
polyclone’. A polyclone consists of all the descendents of a 
single group of founder cells set apart at a specific stage 
during development. Each thoracic appendage is formed by 
an anterior and posterior compartment™™* which descend 
from nearby groups of blastoderm cells™*. Within any part 
of the thorax, the boundary between these compartments 
does not coincide with an obvious cuticular boundary. 

| have studied lineage relationships between cells forming 
the proboscis, a part of the adult head, by clonal and gynan- 
dromorph analysis. The results obtained indicate that each 
half of the proboscis (left and right) ise formed from two 
compartments that descend from neighbouring groups of 
blastoderm cells. This finding suggests that the development 
of the proboscis may be homologous to that of the thoracic 
appendages, and supports the contention that compartments 
are a general feature of Drosophila development. 

Proliferating cells of Drosophila embryos apd Parvae 
heterozygous for a dominant Minute mutation divide at 
slower rates than cells of wild-type larvae’. Single cells 
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medial 


lateral 


edge hairs 





Scesagens 


L1 L1 


Fig. 1 The posterior aspect of an extended proboscis. The 
boundary between lateral and medial compartments is indicated 
by a dotted line on the prementum and by an arrow on the row of 
edge hairs on the labial palps. The boundary on the exterior 
surface of the palps is not defined since javelin bristles could not 
be reliably scored there. The six pseudotracheae have been num- 
bered in the anterior to posterior direction. Landmark bristles 
(blacked in) on the prementum are as follows: the most proximal 
lateral bristle (L1), the next proximal (L2), the most distal 
lateral bristle (L3), the largest, most distal medial bristle (M1), 
and the medial bristle between MI and the midline (M2). 
Although up to six lateral and four medial bristles may be 
present on each half prementum, the landmark bristles can be 
distinguished by their morphology and position, Nomenclature 
as in ref. 16. ( < 200). 


homozygous for the Minute’ allele can be generated by 
X ray-induced somatic recombination. Such Minute’ cells 
divide autonomously at wild-type rates’ and, if made sufh- 
ciently early, form clones which fill most of the compart- 
ment in which they occur’. By examining several clones 
made at a specific point in development, the boundaries 
demarcating a compartment can be defined precisely’. 
Minute’ clones marked with yellow, javelin, and multiple 
wine hairs’ were induced during the cellular blastoderm 
stage and detected on the proboscis by screening for yellow 
javelin Minute’ bristles on the prementum (Fig. 1). All 
clones of more than one bristle were subsequently screened 
under the scanning electron microscope to determine the 
extent of hairs with multiple wing hairs phenotype. It is 
important to note that the proboscis is formed by the fusion 


al, 
Table 1 Head and proboscis clone frequencies 


No. of clones having more than 
one marked bristle 
No. of sides 


X-ray (left and right) Proboscis Proboscis 
dose screened lateral medial Head 
SOOR 3.796 12 9 28 
0 1.014 | 0 0 


ne ae 


vi Dp (1:3) se’. yv* M(G)i**/mwh jv (ref. 9) embryos were irra- 
diated during the cellular blastoderm stage (3.0-0.7 h after egg 
laying at 25 C) with SOOR of X rays (250 KV at 15 mA half-value 
layer 2.3 mm copper distance 3 cm, rate 530R min~!). Groups of 
5()_100 flie@ were screened blind with similar batches of unirradiated 
siblings. Clones on the proboscis and head were detected under the 
dissecting microscope ( ~ 50) by the presence of yellow javelin Minute* 
bristles. 
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late in development of a left and a right imaginal disk. 
Since these imaginal disks come from distant blastoderm 
primordia, each half of the proboscis has been treated as 
a separate entity. 

Table 1 summaries the classes and frequencies of clones 
obtained. Of a total of 21 clones marking at least two 
bristles on the prementum, 12 marked only lateral bristles, 
nine only medial bristles, and none marked both lateral 
and medial bristles (Fig. 1). Scanning electron microscopy 
of the hairs of these marked probosces revealed a precisely 
defined line separating the region containing lateral br@tle 
clones, from that containing medial bristle clones on the 
prementum (Figs 1, 2a). All but one clone ran along at 
least part of this line and 12 of 21 defined it entirely. No 
clones transgressed this line. In 15 cases, these clones also 
marked bristles and edge hairs on the labial palps (Fig. 1). 
The boundary separating the domains of medial and 
lateral prementum clones was precisely defined along the 
row of edge hairs. It falls between the second and third 
pseudotrachea (Figs 1, 25). Six of nine lateral clones and 
four of six medial clones which marked the edge hairs 
reached this boundary and none transgressed it. The bound- 
aries defined on the prementum and the edge hairs of the 
palps do not coincide with any obvious feature of the 
cuticle (Fig. 2a, b). 





Table 2 Sturt distances between five landmark bristles on the 





prementum 
MI M2 LI L2 L3 
MI — 
M2 0.5 - 
LI 7.8 7.2 - 
L2 7.3 6.5 1.5 ~ 
L3 7.5 6.6 0.5 1.5 - 








Heads of 250 y w sn? f*™*/In(1) XS? w*® (ref. 9) mosaic flies were 
mounted directly in Euparal (GBI Laboratories, Manchester) be- 
tween two coverslips and scored for the phenotype of each of five 
landmark bristles on the prementum (Fig. 1), and several landmark 
bristles on the head. The distances between medial and laltera 
landmark bristles are boxed. All distances between head and pro- 
boscis landmark bristles fell within 29-35 sturts, and those between 
left and right proboscis landmark bristles within 23-25 sturts. The 
frequencies with which any of the proboscis or head landmark 
bristles were male fell between 55-64 ”,. 


The domains of both classes of clones account for the 
entire markable surface of the proboscis. In addition, the 
majority of clones filled or almost filled the entire domain 
in which they occurred. Therefore, the failure of these 
clones to transgress the defined boundaries indicates that 
each half of the proboscis is formed from two compart- 
ments. Since the clones were induced at the blastoderm 
stage, these compartments probably descend from two 
groups of founder cells set apart during or soon after this 
Stage. 

Although the two imaginal disks that form the proboscis 
are separate during the blastoderm stage and larval develop- 
ment, they may have come into contact during the inter- 
vening period of embryogenesis. If such contact occurs, 
Minute* clones should frequently mark large portions of 
the same compartment in both left and right proboscis 
halves. For example, in both anterior and posterior com- 
partments of the first leg, the frequency of left-right over- 
lap was greater than 30% when Minute’ clones were in- 
duced during the blastoderm stage’. Therefore, the be- 
haviour of each of the 21 proboscis clones with respect to 
the midline was examined. 

All the medial clones extended to the midline of the pre- 
mentum and, with one exception, did not cross it. The 
exceptional clone marked only one bristle and a region of 
hairs on the second half prementum. Similarly, of the 
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clones that marked the edge hairs, four of six medial and 
six of nine lateral clones extended to the midline but none 
crossed it. These results indicate that left and right 
proboscis primordia are separate until late in development 
The sole case of left-right overlap may have been caused 
by independent clones in the left and right proboscis 
primordia. 

fo determine the proximity of the two founder groups of 
each half proboscis at the blastoderm stage, the distances 
between blastoderm cells giving rise to lateral and medial 
lan@mark bristles on the prementum were estimated by 
gynandromorph mapping. In this technique, the frequency 
(in units of | sturt=1% of all gynandromorph cases") with 
which two adult structures are of different sex is directly 
related to the distance separating the blastoderm cells from 
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Fig. 2 Scanning dlectron micrographs of Minute* mwh clones 
which define the compartment boundary a, on the prementum 
(500 x); b, along the edge hairs of the labial palps (3,200 x ). 
The compartment boundaries, landmark bristles and pseudo- 
tracheae are indicated as in Fig. 1. Specimens were critical-point 
dried from absolute alcohol, coated with ~ 30 um of gold, 
and photographed in the Cambridge 54 Stereoscan electron 
microscope of the Zoological Department, Cambridge. 
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which they are derived". Since neighbouring adult land- 
marks in the same compartment can descend from the 
same blastoderm cell, the frequency with which they are of 
diferent sex may be extremely low. However, adjacent 
adult landmarks which descend from different groups of 
blastoderm cells cannot descend from the same cell; con- 
sequently, there must be a lower limit on the sturt distances 
between them. This lower limit probably represents the 
distance between adjacent blastoderm cells in different 
groups of founder cells* . 

The sturt distances between each of five landmark bristles 
on the prementum (Fig. 1) are shown in Table 2. The 
distance between any lateral and any medial bristle is 
between six and eight sturts. The same range is observed 
between neighbouring adult landmarks in adjacent thoracic 
and abdominal compartments™* "=" and probably repre- 
sents the distance between adjacent, but developmentally 
separate, blastoderm cells*. In contrast, the distance between 
any two lateral or medial bristles is less than two sturts, 
indicating that they frequently descend from the same 
blastoderm cell. 

I conclude that each half of the proboscis is formed from 
two developmental compartments that descend from nearby 
(probably adjacent) groups of blastoderm cells. These 
compartments appear similar in all respects examined to 
the anterior and posterior compartments of the thoracic 
appendages. If a genuine homology exists, homeotic genes 
such as engrailed (which is required for normal development 
of the posterior compartments in the thorax'*’’’) should be 
similarly required in the developing proboscis. 

I thank Dr P. A. Lawrence for advice and encourage- 
ment. I am supported by a Graduate Fellowship from the 
National Science Foundation 
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Serial passaging and differentiation 
of myogenic cells isolated 
from dystrophic mouse muscle 


[He muscular dystrophies are a group of hereditary 
disorders manifested by a progressive wasting of the skeletal 
muscles. In spite of extensive studies, the nature of the 
primary lesion is unknown (for review see ref. 1). Because 
of the complex interaction between tissues, it is difficult to 
study this question in vivo. Therefore attempts have been 
made to investigate this question in cultures of dystrophic 
muscles of human or animal origin. Tissue explants as well 
as monolayer primary cell cultures contain, in addition to 
the myogenic cells, a heterogeneous cell population, the 
composition of which might differ in normal and dystrophic 
muscle cultures. It is difficult in such experiments to dis- 
tinguish between properties intrinsic to the myogenic’ cells 
and effects exerted by other cell types. Indeed, previous 
experiments have yielded conflicting conclusions’’’. We 
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therefore tested the possibility of obtaining cell cultures con- 
sisting of pure. populations of myogenic cells obtained from 
dystrophic muscles. The present report describes the isola- 
tion of a cloned population of such cells, derived from adult 
dystrophic mouse muscle,- that can proliferate and 
differentiate in cell culture. 

Mice of strain 129 ReJ. homozygous for the recessive gene 
dy were used for the preparation of cultures. These mice 
manifest a syndrome very similar to human muscular 
dystrophy which starts early in life and progresses rapidly’. 
Dystrophic thigh muscles of 1-2-month-old mice were 
excised. After a few pieces had been removed for histo- 
logical examination, the muscles were cut with scissors into 
pieces ~ 2mm in size. A suspension of mononucleated cells 
was prepared by digestion with a mixture of 0.24% trypsin 
and 0.1% collagenase in Ca’*-, Mg?*-free phosphate-buf- 
fered saline, as described by Yasin et al.*. Mass cultures 
were plated at densities of 5x 10*-5X10* cells per 60-mm 
gelatin-coated plate, and grown in Dulbecco-modified 
Eagle’s medium supplemented with 20% foetal calf serum’. 
Enrichment for myoblasts was accomplished by selective 
serial passage of the cultures (before cell fusion), based on 
the observation that the attachment of suspended myoblasts 
to the culture plate is slower than that of most other cell 
types present in the cell suspension?’. l : 

C3H mice were used as donors:for the serial’ passage of 
normal mouse myoblasts. Injuring the muscle by crushing 
with a strong forceps 2-3d before culture preparation 
resulted in an over fivefold increase in the yield of mono- 
nucleated myogenic cells obtained from untreated muscle 


Fig. 1 a, Muscle-forming colonies in a first passage culture of 
cells obtained from a dystrophic muscle, plated at a density of 
4,000 cells per 60-mm plate. Fixed after 13 d. (x 10.) b, A section 
of a muscle-forming colony containing cross-striated multi- 
nucleated fibres. Fixed after 18 d in culture. (x 308.) 
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Fig. 2 A culture of D, cells (13th serial passage), containing a 
network of multinucleated fibres. Fixed 13d after plating. 
(x 169.) 


(~7X 10° cells were obtained from the injured muscles of 
one thigh). © 

Mass cultures prepared from normal 2-month-old mouse 
muscle consisted of mononucleated cells during the first 2 d. 
A great proportion of them were spindle-shaped, resem- 
bling myoblasts. obtained from newborn animals. Cell fusion 
and the formation of a network of multinucleated fibres 
started on the third or fourth day. In cultures prepared 
from dystrophic muscle, there was a great excess of fibro- 
blastic cells over myoblasts. Most of these fibroblastic cells 
apparently stemmed from the connective or fat tissue which 
occupied a great part of the wasting muscle. Very few short 
multinucleated fibres were formed. 

It was reported previously that outgrowths of mono- 
nucleated cells in: explants of muscle obtained from dys- 
trophic mice of the same strain failed to form 
multinucleated fibres: instead, the. cells formed ‘pseudo- 
straps’ consisting of rows of unfused cells’. Similar 
aggregates of cells were occasionally found in our cultures. 
In order to test whether the failure of cultures prepared 
from dystrophic muscle to differentiate was due to a lesion 
in the myogenic cells, or to the presence of a great excess 
of non-myogenic cells, cultures were plated at very low 
densities (500-5,000 per plate). In these conditions, colonies 
Originating from single cells were formed and most of them 
were composed of non-fusing fibroblastic cells. About 
5-10% of the colonies, however, consisted of homogeneous 
populations of spindle-shaped myoblasts. After several days 
these colonies contained dense networks of long multi- 
nucleated contracting fibres. The proportion of muscle- 
forming colonies increased markedly in secondary cultures 
prepared by selective cell passage (Fig. la, b). 

The apparently normal morphology of the myotubes 
obtained in these colonies shows that at least part of the 
myoblasts obtained from dystrophic muscle of animals 
homozygous for the dy gene are able to proliferate, fuse 
and differentiate up to the stage of functional, contractile 
multinucleated. myofibres. The poor differentiation of 
primary cultures prepared from dystrophic muscle thus 
seems to be caused by the presence of other cell types 
which diluted the myogenic cells‘ or interfered in some 
other way with their fusion. It is, however, impossible to 
conclude from these experiments that in dystrophic muscle 
all cells belonging to the myogenic lineage are able to dif- 
ferentiate. The possibility that part of the, non-fusing clones 
are abnormal muscle precursor cells cannot be excluded at 
present. 

After establishing the existence of proliferating muscle- 
forming cells in the primary cultures Prepared from dys- 
trophic muscle, attempts were made to Propagate these 
cells. Myogenic colonies obtained from primary cultures 
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were isolated and serially passaged. In four out of five 
independent experiments, proliferation decreased and the 
myogenic cells were lost after 3-4 passages (similar to the 
results obtained with normal myoblasts'*). The D, line 
described here originated from a single myogenic colony 
which was isolated after the third selective passage of a 
primary culture plated at low density. 

The cells of this line (now over 30 passages) are main- 
tained in Dulbecco’s modified Eagles medium supple- 
mented with 20% foetal calf serum. They proliferate as 
morfnucleated cells with a generation time of 24h. The 
main phase of cell fusion starts when confluency is reached 
and in the course of several days a very dense network of 
multinucleated fibres is formed. Fibre formation is 
enhanced considerably when medium supplemented with 
10% horse serum is used (Fig. 2). Two to three days after 
the onset of cell fusion, the fibres begin to contract. Con- 
tractions are sometimes very vigorous and cause the detach- 
meat of the cell layer from the culture plate. 

Two lines were established from primary cultures 
prepared from thigh muscle of 2-month-old normal mice. 
The line C, originated by selective serial passage of myo- 
blasts obtained from thigh muscle 48h after crush injury 
and C, started from cultures prepared 70h after injury. 

Formation of multinucleated fibres in chick and rat 
skeletal muscle cultures, is associated with a large increase 
in creatine kinase activity’. The activity of creatine 
kinase in the D, and C, lines was tested as a biochemical 
parameter for differentiation. As can be seen from Table 1, 
in both lines the activity of creatine kinase in differentiated 
cultures was over one order of magnitude higher than in 
cultures collected before cell fusion. 





Table I Creatine kinase activity in cultures of myogenic cell lines 
derived from dystrophic mouse (D,) and normal mouse (C,) 











Creatine kinase activity (ug per mg protein) 


Cell line Mononucleated cells Differentiated cultures 
D, 80 2,160 
Ca 123 1,550 





Cultures of mononucleated cells (48h after plating) and differ- 
entiated cultures containing multinucleated fibres (day 5) were 
collected and creatine kinase was assayed as described in Shainberg 
et al}, 


These experiments show that adult dystrophic muscle of 
mice homozygous for the gene dy contain myogenic cells 
capable of proliferating and forming differentiated myo- 
genic colonies. The high frequency of muscle-forming 
colonies in the primary cultures plated at low densities in- 
dicates that the cells capable of differentiation in vitro were 
not obtained by selection of a very rare back mutant of the 
dy gene. Rather, it shows that the progenitors of the 
muscle-forming colonies found in the primary cultures con- 
stitute a significant part of the mononucleated cell popula- 
tion of the intact dystrophic muscle. Therefore, these cells 
are most probably homozygous for the dy gene. 

The ability to obtain large homogeneous cell populations 
which undergo differentiation in controlled culture condi- 
tions should enable comparative studies at the cellular and 
biochemical levels of the intrinsic properties of myogenic 
cells obtained from dystrophic and normal muscle. It should 
be stressed, however, that comparisons of the differentiation 
of several myogenic cell lines derived from normal rats 
showed some differences between lines", Therefore, com- 
parative investigations of several lines of dystrophic and 
normal origin will be necessary in order to distinguish 
between differences among individual lines acquired during 
their establishment and the properties related to their 
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genetic origin. Since the dystrophic lesion might be a dis- 
order expressed only in fully differentiated fibres, it is also 
necessary for such a study to establish optimal conditions 
for maximal differentiation and long-term maintenance of 
the multinucleated fibres formed in cultures. 

This investigation was supported by grants from the 
Muscular Dystrophy Association, Inc., USA, and from the 
National Institutes of Health. 
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Influence of the main 

histocompatibility complex on ageing in mice 
CONSIDERATION of the facts of mammalian cell ‘transfor- 
mation’ by viruses led us to the proposition that only a few 
genes or gene systems need necessarily be involved in the 
ageing process’. These views accord in principle with con- 
clusions derived from more recent analyses of the genetic 
basis for the increase in lifespan of hominid species in the 
last several hundred thousand years, namely that mutations 
at no more than about 0.6% of the total genome could be 
responsible for the increase**. We describe here a study 
of ultimate lifespans (as reflected by tenth deciles of sur- 
vivorship) in congenic mice which suggests that the main 
histocompatibility complex (MHC) is one of the gene sys- 
tems involved in the control of ageing. 

All vertebrate species so far investigated—-birds and 
amphibia as well as mammals—possess an MHC: for 
example, the H-2 system in the mouse and the HLA sys- 
tem in man. Each of these occupies a short chromosomal 
region of sufficient size to accommodate several hundred 
gene loci, although only 6-12 are as yet identified in any 
one species. The MHC represents a so-called ‘super-gene’ 
system, a term referring to a cluster of genes influencing 
the same category of functions. It influences or regulates 
at least the following functions’: the recognition phase of 
cellular immunity as manifested in the mixed lymphocyte 
reaction; cell-mediated lymphocytotoxicity; the develop- 
ment of specific suppressor cells important for immunore- 
cognition; susceptibility to a number of viruses; 
susceptibility to the development of various autoimmune 
diseases; the ability to mount an immune response to 
certain specific antigens (via the immune response genes); 
the age-specific maturation rates, peaks and rates of decline 
of different immune response capacities; components of 
the complement system; T/B-cell collaboration (helper 
cells); the quantitative expression of the Thy—1 or ‘theta’ 
antigen; and levels of plasma testosterone and testosterone- 
binding protein. In addition gene products at the D and 
K loci of the H-2 system may be required fore recognition 
of ‘self?®.”, . ° 

Ageing is associated with marked alterations in immune 
response capacity, particularly including H-2 associated 
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Table 1 Tenth decile of survivorship and mean lifespan in male mice congenic at the H-2 chromosomal region and on three different backgrounds 


Background C57BL/10 


Strain H-2 allele A 10th os {weeks} 5 
5 

1 BIO.AKM m 139 +-3.7 

2 B10.Br/Sg k x 1494-1,1 

3 BIO.PL u x a 1531.7 

4 BI0.A/Se a x xX = 154+0.4 

5 BI0.D2/n d x XX — mm 155 +0.5 

6 CS7BL/10 b x XX — Ko se À 

7 BIO RHI r XX XX xx xX XX XX 
A 

8 10 li 

8 A.BY b 114443.5 

9 ASW s sn 123+ 

10 A.CA f XX —_ 127 43.0 

il AjWy a XX x XX 134 1.7 
C3H 

12 13 i4 

{2 C3H/HeDi k 138 +0.7 

13 C3HLIK j XX 1464+ 1.4 

14 C3H.SW b XX xx i50-41.2 


sii survival (weeks) 
4 


7 1 2 6 7 
9943.2 
XX 11343.8 
XX x 125+43.] 
XX , 128 1-4. 
XX a 122 -4-4.0 
xX XX x wae x 1344-3.0 
170 +0.8 XX XX XX x XX _ 141 4-3.4 
9 10 ii 

85+ 
se one 85 -+2.8 
XX ve Xx 97 +2.5 
12 13 i4 

98 +3.0 
xx 112 -4-2.8 
x seme 198 -4-3.7 





x, Indicates significant difference at the 0.05 and xx at the 0.02 probability levels. 


functions, and probably also in mechanisms for distinguish- 
ing ‘self? from ‘non-self’. These alterations might represent 
primary pathogenetic processes at least in part directly 
responsible for ageing, or they might constitute largely 
secondary phenomena*®. That the MHC might be funda- 
mentally involved in ageing has been suggested on strictly 
immunological grounds by several workers’’’''’. Indeed, 
its involvement is a necessary corollary of the immuno- 
logical theory of ageing’. 

Direct evidence for an effect of MHC on ageing might 
be gained from observation of the survival patterns of 
congeneic mice. These mice are prepared by selective breed- 
ing on any particular strain background; for example on 
C57BL, C3H or A strain backgrounds. Within each back- 
ground, strains of mice congeneic at H-2 are considered 
genetically ‘identical’ except for the relatively short chro- 
mosomal region carrying the H—2 system. In this study, 
therefore, we compared lifespans for both sexes of seven 
strains of mice congeneic for H~2 on a C57/BL/10 back- 
ground, four on an A background, and three on a C3H 
background. 

The 14 strains are listed in Tables 1 and 2 according to 
background and H-2 alleles, They were obtained either as 
6—-8-week-old animals, or as breeding pairs, from the Jack- 
son Laboratory (courtesy of Dr George Snell). About 60 
animals of each sex and strain were set up at two months 
of age, housed six per cage, and maintained on standard 
Purina laboratory chow and water ad libitum. The cages 
were inspected daily. The animals were allowed to live out 
their natural lifespans. They were not regrouped following 
deaths of any in the cages. The lifespan of each animal 
was calculated to the nearest week. Mean lifespan and 
standard error were determined for both sexes of each 
group for both the total group and for the last tenth of 


survivors of a group, the so-called ‘tenth decile’. 

Tables 1 and 2 show the tenth decile of survivorship 
and the mean age of death of male and female mice for 
all strains. For both sexes the survival of the strains con- 
genic upon the C57BL/10 background tended to exceed the 
survival of the other two background sets. This variation 
probably reflects the operation of some of the many non- 
H-2 genetic differences between the three background sets; 
however, we are here primarily concerned with differences 
within each set, as that would represent an H-2 influence. 
It is clear that within each set there were frequent and 
striking differences in strain lifespan as judged both by 
tenth decile survivorship and mean ages at death. For 
example, on the C57BL/10 background the strain BIO.AKM 
male mouse had a significantly shorter survival than all six 
partner strains, and BIO.AKM females shorter than five of 
six partner strains. 

We emphasise that the mean age of death of the whole 
population is in fact a poor criterion of differences of 
physiological ageing rates between strains of mice, for it is 
highly susceptible to environmental influences and specific 
disease patterns. The ages of death of the longest-lived 
individual survivors in infinite populations provided in fact 
the best single comparative criterion of physiological ageing, 
as cogently argued by Sacher“, for it is in fact relatively 
non-susceptible to influence by environmental factors or 
disease processes including tumour incidence. Lacking suf- 
ficiently large or infinite populations, the mean ages at death 
of the tenth deciles of survivorship affords a reasonably 
accurate estimate for comparison and possesses similar 
advantages”. By this criterion as well as that of mean age 
at death, we noted very considerable variations among life- 
spans of congenic lines (Tables 1, 2). These were com- 
parable in degree to the variations observed among 


Table 2 Tenth decile of survivorship and mean lifespan in female mice congenic at the H-2 chromosomal region and on three different backgrounds 





Background CS7BL/10 


Strain H-2 allele 10th decile (weeks) 
I 2 3 4 6 
| BI1O.AKM m 143 42.3 
2 BIO.PL u sain 145 -4-1.7 
3 CS7BL/I0 b x — 148 + 1.2 
4 BIO.D2/n d RX XX XX 154+0.8 
5 BI0.BR/Szg k XX XX XX x 161 -4-2.1 
6 BIO.A/Szg a XX xX XX XX — 164 4-2.9 
7 BIORHI r XX XX XX XX XX x 
r 8 9 10 1} 
8 A.BY b i28 -42.3 
9 ASW A ne cs ie 30 4-4 3 
10 A.CA f ~~ m 134443.4 
11 A/Wy a XX — — 138 4-2.4 
C3H 
12 13 14 
12 C3H/HeDie k 133 +2.5 
13 GSH.IK j — 136+1.1 
14 C3H.SW b XX xx 5i + 1.4 


Mean survival (weeks) 


1 2 3 4 5 6 — 7 
101+3.2 
dip 1114+4.0 
XX — 120 4-3,1 
x ma — 1164-8. 
XX XX mame vn 125+3.5 
XX x oem ae wn 122+43.9 
165+1.0 KX XX ~ x ae nt 129 -4-3,9 
9 10 11 
84 + 
x 89 +2.8 
XX = = 9442.9 e 
12 13 14 
94 +2. 
XX 105 +2.6 
XX we 109 4.3.8 





x, Indicates significant difference at the 0.05 and xx at the 0.02 probability levels. 
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unrelated inbred strains of mice’. One might have expected 
a much greater uniformity of lifespans within each con- 
geneic set than actually observed unless the H-2 region 
itself exerts a significant effect on ageing. 

Since the MHC represents the master genetic control or 
regulatory system for immune function, particularly 
thymus-dependent function, which declines markedly with 
age, we suggest that the lifespan differences noted may 
reflect a complex age-related effect of the MHC on immune 
mechanisms. Evidence supporting this interpretation comes 
from separately reported studies of immune function in 
nine of these same strains in which the response to 
different mitogens in mice from 2 to over 30 months of 
age were compared. On the C57BL/10 background the 
longest-lived strains, BIO.RIII, displayed the highest 
response to phytohaemagglutinin throughout most of life. 
The shortest-lived strain, B10.AKM, displayed the lowest 
response. Survival patterns of the A strain mice also 
accorded the age-specific phytohaemagglutinin responses. 
Shorter lifespan could on the whole be correlated with an 
earlier decline in immune response capacity, as judged by 
these and other criteria”. 

It is also possible, as suggested by Bodmer", that a 
number of genes exist in the MHC region other than those 
determining the already recognised H-2 antigens, and that 
these additional genes control the synthesis of differentia- 
tion antigens or a class of recognisers. If such be the case, 
an alternate or additional explanation for the observed 
effect of the MHC on ageing might be postulated. With 
regard to a possible role of the MHC in human ageing, the 
genetic heterogeneity of man renders the collection of 
useful data difficult. It has recently been noted by Yunis 
and Greenberg’, however, that the frequency of HLA-B8 
is decreased in old cohorts of human females, suggesting the 
possibility of an increased mortality rate in females carrying 
this marker. 

Our study represents one of several necessary steps in 
dissecting the complex genetic parameters of ageing, which 
are undoubtedly polygenic but are also likely to be an 
analysable finite number. Additional experiments, including 
genetic marker (MHC) identification in F, and back-cross 
studies between appropriate congeneic strains, will be 
required to verify the apparent association between long- 
evity and H-2 type within any congeneic set. Nevertheless, 
our existing data from 14 strains of mice divided into three 
sets congeneic on three different backgrounds do strongly 
suggest that the MHC may be one of the principle genetic 
systems involved in controlling lifespan. This suggestion is 
in line with suggestions of Walford”, Cutler’ and Sacher‘, 
that ageing rates may reflect the operation of a finite 
number of gene systems, and not necessarily of the whole 
genome. The MHC may well be one of these systems, 
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work was supported by USPHS research grants CA-12788 
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Possibility of EB virus preferentially 
transforming a subpopulation 
of human B lymphocytes 


PERMANENT lymphoblastoid cell lines can be established by 
‘transformation’ of human lymphocytes with EB virus':*. The 
lines secrete immunoglobulin (Ig) in vitro** and represent, 
morphologically, an intermediate stage between the resting lym- 
phocyte and the fully developed plasma cell°®®. It has been 
suggested that the EB virus stimulates inactive B lymphocytes to 
secrete immunoglobulin and that the virus is behaving, in this 
respect, like a polyclonal B cell mitogen. The evidence comes from 
observations that most (possibly all) human B lymphocytes carry 
surface receptors for EB virus, that an increase in Ig secretion is 
detectable within a few days of adding the virus to a culture of 
lymphocytes ’, and that in the early stages of growth, lymphoblas- 
toid lines established in this way secrete multiple classes of Ig 
heavy and light chain*-?:'". It seems, however, that only a fraction 
of t% of lymphocytes in an EB virus-infected culture respond 
either by Ig synthesis or by proliferation and furthermore that the 
two events occur simultaneously ™ t 1?, The possibility therefore 
remains that EB virus does not stimulate Ig synthesis de nove but 
selectively ‘transforms’ (that is, induces to proliferate) that minor 
population of B cells which has already begun to secrete Ig. This 
alternative is supported by our analysis of the major classes of Ig 
heavy and light chains secreted by lymphoblastoid cell lines 
(derived from peripheral blood lymphocytes) in relation to the age 
and clinical status of the donors. 

The data are set outin Table |. The most striking finding is that, 
of fifty unselected lines derived from cord bloods, forty-nine 
secrete only IgM. This is at variance with the expected outcome of 
polyclonal stimulation of resting B cells, since the ability to 
synthesise cytoplasmic Ig of differing heavy chain classes in 
response to a polyclonal B cell mitogen seems to be acquired 
earlier in ontogeny than the class and subclass segregation of cell 
surface immunoglobulin determinants that is already well estab- 
lished among the circulating lymphocytes of the human foetus 
many weeks before birth'?:'*. Although IgM-secreting cells have 
been shown to predominate among pokeweed-stimulated human 
cord lymphocytes, IgG secretors form a substantial proportion in 
most samples and, in some cases at least, [gA-producing cells are 
also readily found’. It therefore seems incompatable with this 
mode of action of EB virus that no y or x heavy chains could be 
detected in the supernatants of any of our cord blood lines even 
when tested repeatedly during the early weeks following their 
establishment in vitro and even though polyclonal composition 
could still be demonstrated by the presence of both kappa and 
lambda light chains. Conversely, our findings are in keeping with 
the view that EB virus induces proliferation in those rare cells 
which are actively secreting immunoglobulin since, for the first 
few weeks after birth, the healthy human infant synthesises Ig 
exclusively of class M (ref. 16). ‘a 

Adult blood lymphocytes stimulated with pokeweed mitogen 
typically contain populations of B cells secreting IgM, IgG and 
IgA respectively, in the approximate proportions of 2:2:1 (refs 15 
and 17), By comparison, IgM secretors seem to be relatively over- 
represented among the monoclonal lines derived from healthy 
adults and under-represented among those from infectigus ngono- 
nucleosis patients (Table 1). The difference between the two 
groups is difficult to explain if the lines are derived from resting 
blood B cells, but since infe¢ttous mononucleosis is characterised 
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Table} Patterns of Ig secretion by human lymphoblastoid cell lines 


Source of No, of cell lines 

blood (no. of different donors) 

Lymphocytes* 

Cords Total 50(25) 
Monoclonal Ig secretors 39(20) 

Adults Total 79(62) 

(no recent Monoclonal Ig secretors 66(59) 

infection)§ 

Adults Total 19(16) 

(infectious Monoclonal Ig secretos 17(15) 

mononucleosis) 


Ig secretedt 
Heavy chain Light chain 

G A M Nonet K None 

0 0 49 ] 30 29 | 

0) 0 39 -= 20 19 e- 
31 10 49 0 54 40 0 
20 8 38 || 0 39 z 0 

9 5 1 0 14 7 0 

7 3 Si 0 12 5 0) 


“All cord blood lines, all infectious mononucleosis-derived lines and all but two of the lines from other adult donors were established in our laboratory, 
tig secretion was detected by a highly sensitive and reproducible haemagglutination—inhibition technique*. In most cases supernatants had been tested 


on several occasions. 


fOne cord-derived line (FAL) has consistently failed to secrete any detectible Ig (ref. 4). Morphologically it is indistinguishable from other 
lymphoblastoid lines, and complete EB virus particles were seen in electron microscope preparations. The cells have surface Ig MK determinants (by 
indirect immunofluorescence) and react strongly with a rabbit antiserum specific for human B lymphoid cells. 


§Although described as ‘adults’, three of these donors were below the ag 


e of 16 yr. The group comprised healthy individuals and those suffering from 


genetic (including cytogenetic) disorders or from malignant disease not affecting the lymphoreticular system. 

1 Lines were considered monoclonal when only a single class of Ig heavy chain and single class of light chain could be detected in the supernatant. 

| The difference between these two groups in the proportion of monoclonal lines secreting M heavy chain is significant (y? = 4.3; P <0.05). There are 
no significant differences between any group in the proportion of lines secreting K or L light chains. 


by a substantial increase in serum Ig of all three major classes! ®, 
the population of Ig-secreting cells in the circulation is likely to be 
markedly disturbed. If this is the population which gives rise to 
lymphoblastoid lines, a deviation from the normal distribution of 
G,M and A secretors would not be unexpected. It would also 
provide a rational explanation for the observation that lympho- 
blastoid lines can be established exceptionally easily from the 
blood of patients in the acute or early convalescent phase of 
infectious mononucleosis’?! and other virus infections??-3, 
when the absolute number of Ig-secreting cells in the circulation is 
abnormally high. 

Arguments based on the study of Ig secretion by monoclonal 
lymphoblastoid lines would, of course, be invalid if there was any 
suspicion of a selective advantage for the growth of cells produc- 
ing Ig ofa particular class, or if the commitment of a given cell and 
its progeny to secrete a particular class of heavy chain were 
unstable in the conditions of culture. On the first point, our 
experience has been that when multiple aliquots of 10-100 cells 
are taken, at an early stage of growth, from a line which is 
secreting comparable amounts of two immunoglobulin molecules 
(distinguished by heavy and/or light chain class), the subcultures 
ultimately give rise to approximately equal numbers of clones 
secreting each of the parental Ig species. Selection of the dominant 
clone from a newly established line therefore seems to be a 
random process with respect to class of Ig secreted, On the second 
point, in spite of one contradictory report?*, it seems that 
lymphoblastoid cell clones secreting more than one class of heavy 
and /or light chain are exceptionally rare*+?5, while stability of the 
commitment to secrete a particular class of Ig is one of the most 
striking features of human lymphoblastoid lines?®. We have been 
unable to detect any change in the pattern of Ig synthesis among 
several hundred clones derived from lines exposed to a variety of 
physical and chemical mutagens, although a considerable number 
of other biochemical changes have been induced?7-28, 

The distribution of monoclonal heavy and light chains ul- 
timately produced by lines from a particular set of donors is 
therefore likely to be a valid index of the relative proportions of 
their blood lymphocytes secreting (or committed to secrete) each 
class @f Ig and susceptible to EB virus ‘transformation’. 

It is important to an understanding of the mechanism of EB 
virus transformation to know whether the stage of differentiation 
of the host B lymphocyte is a critical factor. Our conclusion, that 


there is preferential, if not exclusive, transformation of those cells 
already secreting Ig in vivo (though mature plasma cells are 
evidently insusceptible?*), seems to be more compatible with the 
available data than the proposition that EB virus acts as a 
polyclonal B cell mitogen. If the subpopulation of Ig-secreting 
blood lymphocytes can be isolated—for example, by velocity 
gradient sedimentation?°—-the question may be resolved. 

We thank Mrs Marilyn Woodward, Mrs June Jenkins, Mr 
Gordon Martin and Mr Ross Maynard for assistance, and Mr J. 
Davies for advice on statistical analysis. 
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Murine mesenteric and peripheral lymph 
nodes: a common pool of small T cells 


GRISCELLI ef al. have demonstrated’ the existence of two 
populations of lymphoblasts with distinct migratory charac- 
teristics in the rat. One population was obtained from the 
mesenteric lymph nodes which migrate to the lamina pro- 
pria of the small intestine and the other from peripheral 
lymph nodes which failed to migrate to the gut but were 
found in the spleen. These observations have been con- 
firmed subsequently in the mouse*™’ and in the sheep”. In 
mice the different migratory patterns of lymphoblasts of 
mesenteric or peripheral origin were shown to operate at 
the level of the T lymphoblast’. We have investigated 
whether this dichotomy extends to the migration of “Cr- 
labelled small T lymphocytes and have found that less than 
2% of the injected small T lymphocytes localise in the 
small intestine (excluding Peyer’s patches) and that mesen- 
teric and peripheral small T cells migrate equally well 
through mesenteric, peripheral lymph nodes and Peyer's 
patches. There is a slight but consistent tendency for mesen- 
teric T cells to localise more in the liver and less in the 
spleen than peripheral T cells. We conclude that the dis- 
tinctive migration which characterises lymphoblasts in mice 
does not apply to small lymphocytes. 

Six- to twelve-week-old mice of the inbred strains 
C;sH/AnF (Cumberland View Farms, Tennessee) and CBA 
(Department of Bacteriology and Immunology, Glasgow) 
matched in each experiment for age and sex were used. 
Cell suspensions from mesenteric or peripheral (axillary, 
brachial and inguinal) lymph nodes were prepared by con- 
ventional methods’ and T lymphocytes separated by passage 
through nylon wool columns as described by Julius er al.*. 
The cells in the eluate (>94'% thy 1°) were labelled with 
('Cr) sodium chromate’ and their distribution in syngeneic 
recipients followed at intervals (1, 3 and 24h) after intra- 
venous transfer (Table 1). Little radioactivity was recovered 
from the small intestine, regardless of the source of the cetl 
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inoculum, at 1, 3 (not shown) or 24h after transfer. 
Mesenteric T cells (MLN-T) showed a slightly increased 
localisation in the Peyer’s patches (at 1 h) and small intes- 
tine (at | and 24h) when compared with peripheral T 
cells (PLN-T) but this has not been a consistently significant 
finding (see experiment 2 in Table 1). There was also an 
enhanced accumulation of MLN-T cells in the liver, which 
was sometimes accompanied by a decreased localisation of 
the MLN-T cells in the spleen and lymph nodes of the 
recipients. Variable percentages of damaged cells could 
not account for the observed differences in liver localisa- 
tion, since the viability of both MLN-T and PLN-T cell 
suspensions before injection was greater than 97%. 

In the next series of experiments we attempted to separate 
recirculating T cells from non-recirculating components and 
to enhance the differences between the migratory patterns 
of MLN or PLN cells by passage through syngeneic inter- 
mediary hosts. For this purpose “Cr-labelled MLN and PLN 
lymphocytes were injected into primary recipients which 
were killed 24h later. Cells from the mesenteric or peri- 
pheral lymph nodes were then collected and the migration 
of the labelled cells localised in these lymph nodes was 
followed after intravenous transfer into secondary recipients. 
Since it has been shown that only a very small minority 
of 'Cr-labelled B cells localise in the lymph nodes by 24h 
(ref. 7), the population of labelled cells obtained from the 
lymph nodes of the intermediate recipients should consist 
of more than 90% T lymphocytes. The results obtained 
(Table 2) are in agreement with our previous experiments 
(Table 1). MLN cells had an increased tendency to accumu- 
late in the liver and a decreased localisation in the spleen, 
compared with PLN cells. There were no differences, how- 
ever, in the distribution of both MLN and PLN cells into 
the small intestine or Peyer’s patches. 

We have found that the mesenteric lymph nodes of 
“unprimed” mice contain consistently more pyroninophilic 
blast cells and incorporate more '“[UdR than peripheral 
lymph nodes and that these cells were not removed by a 
nylon wool column (Table 3). Therefore, these cells could 
account for some of the differences observed in the migra- 
tion of “Cr-labelled MLN-T and PLN-T cells. To lessen 
the contribution made by lymphoblasts to the migratory 
patterns of MLN-T and PLN-T cells these cells were 
depleted of lymphoblasts by velocity sedimentation through 
a continuous gradient of 5-20% Ficoll’. After Ficoll 
separation the percentage of pyroninophilic cells in both 
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Table 1 Localisation of “'Cr-labelled mesenteric T cells (MLN-T) and peripheral T cells (PLN-T) 1 and 24 h after i.v. transfer 
into syngeneic recipients 











Localisation in* 


Experi- Donor Time | | 
ment cells (h) PLN MLN Spleen Liver Lung PP SI 

1 PLN-T 1 3.8 +-0.6 S747 31.1-4+3.8 8.5-+0.4 6.2+-0.7 2.9+0.1 1.1+0.2 
MLN-T 1 3.932-01 9.3 -4-0.4 28.0+4.7 12.2+1.2ł 7.64-0.24 3.940.038 1.6-£0,3+ 

1 PLN-T 24 6.7+-0.3 15.342.2 20.6 42.2 7.9-+0.7 2.3-+0.4 2.1405 0.9+0.2 
MLN-T 24 6.30.5 7.14.5 22.44-2.8 12:3-41.7% 2,340.4 2.6-+0.4 1.2+0.14 

2  PLN-T 24 4.1+40.8 10.9 4-0.6 18.9+0.8 5.7+0.4 1.8+0.4 1.6+0.3 0.90.5 
MLN-T 24 3.740.9 8.5--0.26 16.7-+1.0 11.2-+0.2§ 1.2+0.2 1.640.2 1.2401 


PP, Peyer’s patches; SI, small intestine. 


Nylon wool separated mesenteric and peripheral T cells were labelled in vitro with Cr (sodium chromate, NEN, Chicago or Radiochemical 
Centre, Amersham) at a concentration of 50 pCi per 10° cells per ml for 30 min at 37 °C (ref. 7). The cells were washed three times and passed 
quickly through a packed column of glass wool saturated in 10%% FCS containing media to remove damaged or dead cells. The viability of 
the cell suspensions was then assessed with the help of the Trypan blue exclusion test (0.1 2) and 10° viable cells in approximately 0.2 ml injected 
into the lateral tail vein of syngeneic recipients. The animals were killed 1 and 24h after cell transfer and the radioactive content of various 


organs was measured in a Gamma Spectometer (Packard, USA). 


*Results are expressed as a percentage of the injected radioactive dose. Each value represents the mean (+ s.d.) of 4-6 mice {C,HAn/F for 
experiment | and CBA for experiment 2). Statistical analysis was by Student's z test. e 
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Table 2 Secondary migration of *'Cr-labelled mesenteric cells (MLN) and peripheral cells (PLN) after selection in intermediate hosts 


Donor Time 

cells (h) PLN MLN Spleen 
PLN H 2.7+0.4 12.2 -4-2.3 38.8 +-3.8 
MLN 1 2.7-+0.2 14.9-+-1.5+ 31.24+2.2} 
PLN 24 3.5+-0.5 18.7 +-2.8 18.7+1.4 
MLN 24 3.5+0.8 17.0-+2.1 16.5 +1.4F 





Localisation in* 


Liver Lung PP SI 
7.6+1.1 4.5+1.0 4.1-+0.3 1.70.9 
9.24-0.87 4.1-0.7 4.3409 1.2+0.2 
6.4+0.6 2.9+1.3 3.30.3 1.60.6 
8.1 -+0.9ł 2,240.6 3.4+-0.4 2.4+0.8 


Peripheral and mesenteric lymph node cell suspensions were labelled with ®'Cr and depleted of damaged cells as described in legend to Table 
i. Approximately 2 x 10%--3 x 107 viable cells were injected intravenously into syngeneic recipients {primary hosts), The animals were killed 24 h 
later and cells were collected from either peripheral or mesenteric lymph nodes. Cell suspensions were rapidly passed through glass wool columns 
to remove dead or damaged cells, and after this process cell viability was greater than 98% for both cell suspensions. 107 cells were injected 
into the tail vein of syngeneic recipients (secondary recipients). These animals were killed 1 and 24h after cell transfer and the radioactive 


content of various organs was measured in a Gamma Spectometer. 


*Results are expressed as a percentage of the injected radioactive dose (~ 1 x 101-3 x 10‘ c.p.m.). Each value represents the mean (+ s.d.) 


of 3-6 C;H/AnF mice. For statistical analysis see legend to Table 1. 


MLN-T and PLN-T suspensions was less than 1%. Re- 
moval of lymphoblasts abolished almost completely any 
differences in the distribution of the two cell types (Table 
4). There was still—but only 24h after transfer—an in- 
creased accumulation in the liver and a decreased localisa- 
tion in the spleen of the MLN-T cells. Note that the 
viability of both cell suspensions studied was superior to 
97%. 


than a species difference. It may be that as *H-uridine- 
labelled mesenteric cells’ and “'Cr-labelled TDL (ref. 11) 
migrate in high numbers to Peyer’s patches in the mouse, 
these structures may account for much of the gut-localised 
“Cr-labelled cells which were found in the sheep, since 
Peyer’s patches were not removed’. It must be also noted 
that in the sheep studies’ no attempt was made to separate 
large and small lymphocytes. In our investigation this 





Table 3 Size distribution and !*IUdR uptake of cells in MLN and PLN cell suspensions 





Percentage cell type* 
*857-UdR 
Pyroninophilic lymphoblast Medium Small uptaket 
Unseparated PLN 2.1 5.8 92.0 2,432-+75 
Separated PLN 1.9 6.9 92.0 2,557+81 
Unseparated MLN 4.7 9.2 86.0 4,019 -+ 86 
Separated MLN $3 8.1 86.0 4,259 +64 





*Cytocentrifuge preparations of unseparated or nylon wool column separated MLN and PLN were prepared and stained with methyl green 
pyronin. Differential counts were performed on 500 cells under x 100 magnification. 

tNylon-wool separated MLN-T or PLN-T cells were incubated in vitro with iododeoxyuridine-C'1) (N.E.N., Chicago) ata concentration of 
0.5 wCi per 10’ cells per ml for 60 min at 37 °C. The cells were washed extensively and the amount of radioactivity incorporated measured in a 
Gamma Spectometer. Results are expressed as c.p.m. per 10’ cells. Each value represents the mean + s.d. of six replicates (C,;H/AnF mice). 


We cannot therefore find a subpopulation of small mesen- 
teric T cells which selectively migrates to the small intestine 
as happens with mesenteric lymphoblasts. Our results con- 
trast with findings obtained in the sheep”, where large 
numbers of “Cr-labelled T cells obtained from the in- 
testinal lymphatics were found to migrate to the small 
intestine, but that T cells from the lymph draining the 
peripheral lymph nodes did not. There could be several 
reasons for these differences between mice and sheep, other 


separation partially abolished the small migratory differ- 
ences observed between MLN-T and PLN-T cells. Since all 
studies using rodents, however, have used lymph node cell 
suspensions, whereas those in the sheep involve the use of 
cells drained from the lymphatics, it is conceivable that 
there exists in rodents a population of T cells which recircu- 
lates exclusively through the small intestine directly into 
the intestinal and thoracic duct lymph, without passing 
through the mesenteric lymph nodes. If this is the case, 





Table 4 Localisation of lymphoblast-depleted *!Cr-labelled mesenteric (MLN-T) and peripheral (PLN-T) T lymphocytes l and 24 h after 
transfer into syngeneic recipients 





Donor Time 
cells (h) PLN MLN Spleen 
PLN-T 1 2.2-+-0.4 9.9+1.2 36.9+2.7 
MLN-T 1 2.5+0.7 8.9+1.0 35.3+1.2 
PLN-T 24 3.7+0.6 16.7+1.3 22.2+1.7 
MLN-T 24 3.3+0.5 16.2-+1.9 18.6+1.0f 


Localisation in* 


Liver Lung PP SI 
10.0+1.5 10.3+41.0 2.6+0.5 1440.4 
10.7+0.8 9,341.0 2.4-0.5 1.5+0.6 
10.4+-1.4 2.0 -+0.8 2.2+0,3 1.40.9 
12.8 + 1.0f 1.9+0.4 2.4 4-0.4 1.30.2 


Mesenteric and peripheral T cells were first obtained by nylon wool column separation. Cells were labelled with *'Cr as described and depleted 
of any damaged cells by passage through glass wool. Approximately 5 x 10’ cells were then layered on top of a 30-mì continuous gradient of 
5-20% Ficoll (in PBS supplemented with 1° FCS)’. The gradients were centrifuged at 70g for 30 min at 4 °C. The bottom 12 ml were discarded 
and the emage cells were washed three times in a large volume of PBS. After separation, 97-98 % of the cells were viable as determined by 


exclusion of 0 


7 Trypan blue. Approximately 5 x 10° to 10? cells were injected intravenously into syngeneic recipients which were killed 1 and 


24 h later. The radioactive content of various organs was measured in a Gamma Spectometer. l l 
*Results are expressed as a percentage of the injected radioactivity. Each value represents the mean (+s.d.) of 4-5 C,H/AnF mice. For 


statistical analysis see legend to Table 1. 
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then this population would be detected in the intestinal 
lymph but not in the mesenteric lymph nodes. This expla- 
nation is, however, unlikely for two reasons: Sprent™ 
found that only 2.5% of “Cr-labelled murine thoracic duct 
lymphocytes migrate to the small intestine (allowing for 
localisation in Peyer’s patches, see Table 6 in ref. 11) and 
anatomical studies of lymphatic drainage in the rat” have 
failed to reveal a lymphatic connection between the small 
bowel and cisterna chyli which does not pass through a 
mesenteric lymph node. 

We conclude that in the mouse, mesenteric and peri- 
pheral small T lymphocytes form a common pool of cells 
which recirculate between the lymph nodes, spleen and 
Peyer’s patches. The increased localisation of mesenteric 
small T lymphocytes to the liver may reflect the existence 
of slight differences in the composition of T-cell subsets 
between mesenteric and peripheral lymph nodes, as it has 
been found that “'Cr-labelled Ly 23 cells have an enhanced 
migration to the liver when compared with Ly 1 cells or 
with total unseparated T cells (de Sousa et al. in prepara- 
tion). 
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T cell receptor idiotypes are controlled by 
genes in the heavy chain linkage group 
and the major histocompatibility complex 


THE molecular identity of the receptor for antigen on T cells is so 
far only partially defined in that the variable region of the 
immunoglobulin (Ig) heavy chain is involved in its specificity- 
determining portion':*. All other parts of the receptor structure 
are at present only negatively defined: no variable region of an Ig 
light chain seems to be present, and the putative constant portions 
lack conventional immunoglobulin constant region deter- 
minants?-?, 

In another set of*experiments soluble T cell-derived ‘factors’ 
have been described that possess both antigen-binding specificity 
and antigenic determinants encoded in the I-region of the H-2 
complex*-’, These data in conjunction with the I r-gene control of 
T cell function and the specificity differences between B and T cells 
suggest a model of a T cell receptor composed of one /g-/ coded 
and one H-2 coded polypeptide®. If this model is correct, idiotype 
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expression on F cells should be controlled by F» genes linked to 
allotype as well as by the H-2 complex. 

This question was investigated in mice using anti-idiotypic sera 
against idiotypic determinants of receptors on T cell blasts 
activated by mixed lymphocyte reaction (MLR). The anti-sera 
were raised as described’ by repeated injection of highly purified 
C57B1/6 (B6) HLR-activated AKR-T cell blasts into (AK RxB6) 
Fl hybrid mice. AKR responder cells were highly purified lymph 
node T cells (over 99.5% Ig-negative by indirect fluorescence). It is 
only in these circumstances that the activated T cell blasts are 
devoid of B cell immunoglobulin, an essential requirement for the 
generation of anti-idiotypic antibodies to T cell receptors only. 
The antiserum, which was directed against AKR receptors for B6, 
shortly Fla (AK RaB6), was absorbed with AKR-T cell blasts 
activated by SJL, to remove the previously described’ ‘con- 
taminating’ antibodies against determinants on T cell blast 
membranes not associated with antigen receptors. The anti- 
idiotypic specificity of the absorbed Fla (AK RaB6) was shown by 
three methods. (1) In indirect immunofluorescence, the absorbed 
antiserum stained only B6-activated AK R- and (AK RxSJL) F1-T 
cell blasts; no staining was observed with SJL-activated AKR- 
and (AK RxB6) F1-T cell blasts. Con A-activated splenic AK R-T 
cell blasts did not stain above background. (2) In competition 
experiments we could show that soluble B6 alloantigens inhibited 
the uptake of Fla (AK RaB6) antibodies to trypsinised B6 MLR- 
activated AKR-T cell blasts after recovery from trypsin treat- 
ment, probably by blocking the access of the anti-idiotypic 
antibodies to the AKR receptors for B6 alloantigens. Only 
marginal blockade was observed with SJL and AKR control 
alloantigens. A detailed account of these experiments has been 
reported elsewhere’. (3) Idiotypic specificity was also observed 
upon addition of the antiserum to MLR cultures resulting in 
specific inhibition of T cell proliferation. We therefore concluded 
that the absorbed Fla (AK RaB6) reacted specifically with AKR 
T cell receptors for B6 alloantigens”. 

The expression of the idiotypic determinants detected by Fla 
(AK RaB6) showed strain specificity, that is B6 MLR-activated 
AKR-T cell blasts expressed idiotype whereas B6 MLR- 
activated SJL-T cell blasts did not (Table 1). The fact that AKR 
and SJL MLR responders differ in the H-2 complex as well as by 
the /g-/ allotype (H-2*, Ig-14 and H-2, Ig-1°. respectively) 
facilitated the study of the linkage of T cell receptor idiotype 
expression to the H-2 and/or /g-/ complexes. 

Four groups of mice that differed with respect to H-2 type and 
fg-1 allotype, were obtained by typing®° the offspring of a 
backcross of (AK RxSJL) F1 hybrid mice to SJL mice (Table 2): 
(1) H-2°*, Ig-1°®; (2) H-25%, Ig-1°4; (3) H-2°*, Ig-1®* and (4) H- 
2** Ig-1°", Highly purified lymph node T cells, pooled from four 
mice in each group, were separately activated in MLR by 
irradiated B6 lymph node stimulator cells. The resulting T cell 
blasts were purified and tested for the expression of idiotypic 
determinants by indirect fluorescence with specifically absorbed 
Fla (AKRaB6). All fluorescent slides were read blind. As can be 
seen from Table 2, groups |, 2 and 3 showed a low level of staining 
which we attribute to insufficient absorption of ‘contaminating’ 
antibodies. In marked contrast, group 4 was definitely and 
markedly positive. Only the mice of this group carried both the H- 
2* haplotype as well as the /g-/9 allotype of the idiotype-positive 
parental strain AKR. No intermediate level of staining was 
observed in the groups that carried either the /g-/9 allotype (2) or 
the H-2" haplotype (3). This strongly suggests that the expression 
of T cell receptor idiotypes on MLR-activated T cell blasts in mice 
is controlled by two genes, one in the major histocompatibility 
complex (MHC) and the other in the /g-/ complex. It was 
surprising that the percentage of stained blasts in the doubly 
heterozygous group 4 is similar to that of homozygous parental 
AKR mice, and the question of allelic exclusion is presently under 
investigation. 

The above data have to be discussed in conjunetion with two 
earlier observations. Hammerling er a/.!° and Krawigkel ® al? 
reported that guinea pig anti-idiotypic antibodies to ASA idio- 
type bearing anti-A-CHO antibodies of A/J mice react with helper 
T cells that possess A-CHO specificity, and that this reaction was 





134 Nature Vol. 270 22/29 December 1977 
Table | Strain specificity of T cell receptor idiotype expression on B6 MLR-activated AKR and SJL responder T cell blasts. 
T cell blasts from MLR* Positive responder T cell blasts (°,)+ 
Responder Stumulator with Fla (AK RaB6) anti-idiotypic serumt 
AKR (H-2*, Ig-1°) B6 35: Mo 
SJL (H-25, Ig-1°) B6 5.0 





* Responder cells were nylon wool column passaged nonadherent lymph node cells (over 99.5%; immunoglobulin negative by immunofluorescence ; 38°, 
(AKR) and 48", (SJL) recovery of cells from the nylon wool column). Stimulator cells were 3300 R irradiated lymph node cells, The conditions of the 
MLR and the nylon wool column separation have been described'*. AKR (responder, R). B6 (stimulator. S): stimulation index, $.J.:616: over 99%% 
blasts. SJL (R), B6(S): S.J. 8.5. 91%, blasts (over 99%, T cells). m 

+Between 200 and 300 T cell blasts were counted. Blasts were recovered from the MLR by the Ficoll Urovison technique as described t>. Blast cells were 
defined as cells with a diameter at least twice that of a small lymphocyte, with a smaller nuclear to cytoplasmic ratio than small lymphocytes and witha 
nonsegmented nucleus (in distinction to nonlymphoid cells). Ig T* blasts were detected by treating the cells simultaneously with rabbit anti-mouse T cell 
serum’ * (dilution 1/400) and the mouse antiserum detected by tetramethyl-rhodamine isothiocyanate conjugated sheep anti-rabbit immunoglobulin G 
and fluorescein isothiocyanate conjugated sheep anti-mouse immunoglobulin G. All sera as well as all fluorescent conjugates were centrif uged at 16.000g 
for 10 min immediately before use. The exact procedure for fluorescent staining, preparation and labelling of anti-Ig antibodies, and fluorescence 


: a 4 x 
microscopy have been described "1 *:'°. 


The Fla (AK RaB6) anti-idiotypic serum was raised as described”. The antiserum was rendered specific by absorption with SJL MLR-activated AKR- 


J 


T cell blasts, and used at a final dilution of 1/20, Control staining with normal (AK Rx B6) F1 serum was below 1.524. 


restricted to T cells of those strains whose antibodies expressed 
the ASA idiotype. Since ASA idiotype expression is genetically 
linked to /g-/° and unlinked to H-2!°, it was concluded from these 
studies that T cell receptor idiotype expression is controlled by 
genes in the /g-/ complex and not by genes in the MHC. Because 
in these studies the anti-idiotypic antibodies were produced 
against an antibody molecule, whereas the anti-idiotypic anti- 
bodies used in the present experiments are made against T cell 
receptors directly, the two sets of data are not contradictory. 
Antisera produced against antibody molecules are not expected 
to react with T cell idiotypic determinants other than those shared 
with immunoglobulins and, consequently, cannot reveal any 
linkage to genes other than to those encoding immunoglobulin 
polypeptide chains. 

Conversely, anti-idiotypic antisera produced against T cell 
receptors are expected to reveal idiotypic determinants unique to 


unaltered set with allo-reactivity. Thus, strains of mice that differ 
in their H-2 antigens would possess different anti-self sets and, 
consequently, different allo-reactive sets. Phenotypically this 
situation clearly results in the linkage of genes controlling allo- 
reactive receptors to the H-2 complex. However, as the number of 
allo-antigens by far exceeds the number of self-antigens, it is 
reasonable to assume that the receptor sets with allo-reactivity 
partially overlap between different inbred strains. Thus, certain 
strain combinations with different H-2 types should share alloan- 
tigen receptors, and in these cases no H-2 linkage would be 
observed. This may be an explanation for the results of Binz et 
al. mentioned above. 

A more direct way to account for MHC control of T cell 
idiotypes is that genes in H-2 directly encode peptides that are 
part of the receptor structure, as has been discussed in detail 
before®. This participation can take place either by a physical 
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T cell blasts from MLR* 


Respondert Stimulator 
Group | (H-2**, fg-1''") B6 
Group 2 (H-2°*, Ig-1°") B6 
Group 3 (H-2™*, Ig-1*®) B6 
Group 4 (H-2°*, Tg- 1°") B6 





Table 2 Linkage of T cell receptor idiotype to the H-2 and the immunoglobulin-1 locus 





Positive responder T cell blasts with 
Fla (AK RaB6) anti-idiotypic serum (°;) 





The experimental conditions for immunofluorescence are the same as in Table tf. All fluorescent slides were read blind. Control staining with normal 
(AK RxB6) FI serum: 1.7%, (group 1), 0.6%, (group 2), 0.6%, (group 3), and 4.6%; (group 4). oe ; i. 
“Responder cells were nylon wool column passaged nonadherent lymph node cells (over 99", immunoglobulin negative by immunofiuorescence ; 40%, 


(group 1), 64% ( 


(S): S.J. 319; group 3 (R). B6(S): S.J. 64: group 4(R), B6 (5): S.J. 128, 


group 2), 48", (group 3), and 56", (group 4) recovery of cells from the nylon wool column. Group | (R), B6(S):S. J. 143; group 2(R), B6 


+Each group consisted of cells from a pool of 4 mice H-2 typed and allotyped as described” ”., 


T cells, should they exist. In this context, Binz and Wigzell have 
published a series of experiments showing that anti-idiotypic 
antibodies against rat T cell alloantigen-receptors do not reveal 
any idiotypic determinants unique to T cells and, consequently, 
do not reveal any linkage of T cell idiotype-controlling genes to 
genes other than those controlling immunoglobulin heavy 
chains'"''. These data suggested that the T cell receptor is 
constructed from Fwregions only. 

In contrast, the data presented in this paper clearly show that T 
cell receptor idiotypes are controlled by two unlinked genes. One 
of these genes is located in the heavy chain linkage group (/e-/ 
complex) and all the available evidence!:7-°:'°!! suggests that this 
directly encodes a heavy chain F region peptide that is part of the 
T cell receptor. The control exerted by the second, H-2 linked, 
gene(s) can be envisaged in at least two different ways. MHC- 
coded antigens could play an essential role in the generation of 
diversity in the sense suggested by Jerne'? who proposed that the 
immun@logigal repertoire is composed of two sets of specific 
receptors, one derived by mutation and selection from a set of 
receptors with anti-self specificity, and the other a relatively 


association of the H-2 product with Fa, or by the existence of a 
separate class of H-2 coded receptors in addition to the Va- 
containing receptors. The latter possibility seems unlikely because 
in the present experiments no intermediate phenotypes have been 
observed in the mice carrying either the appropriate H-2 allele or 
the appropriate allotype. 

For the moment, we cannot distinguish between an indirect 
regulatory influence of H-2 antigens by selection of a given 
receptor repertoire, and a direct coding of genes in the H-2 
complex for parts of the T cell receptor. We may, however, 
generalise in concluding that the T cell repertoire differs from that 
of B cells, either by virtue of physical differences in the combining 
sites or by virtue of different routes of selection in ontogeny. 

We thank D. Mohr and I. Falk for technical assistance. 
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Depression of macrophages 
in mice drinking hyperchlorinated water 


We have encountered a problem with the collection and 
in vitro activation of peritoneal exudate macrophages 
(PEM) from mice, which we can now associate with high 
levels of chlorine in the drinking water. Historically the 
chlorination of drinking water in colonies of experimental 
rodents was carried out in order to avoid the so-called 
early death syndrome in lethally irradiated animals, which 
is due to pathogenic enteric bacteria such as Pseudomonas. 
The recommended level of chlorine necessary to achieve 
this goal is 12-16 parts per million (p.p.m.)'. Because of an 
unusually high incidence of Pseudomonas within a few 
breeding units of our animal facility, the chlorination level 
of the drinking water was increased to 25-30p.p.m. We 
found that this hyperchlorination had an adverse effect on 
an important host defense mechanism, that is the macro- 
phage system, whose primary function is to eliminate 
microbial pathogens” and neoplasms” t, 

Macrophages that normally reside in the peritoneal 
cavity and those that are induced to accumulate there by 
the intraperitoneal (i.p.) injection of inflammatory agents 
are not cytotoxic to tumour cells in virot. Such PEM can 
be rendered tumoricidal (TM) by bacterial products, endo- 
toxins, pyran copolymer and double-stranded RNA, chronic 
infection of animals with obligate intracellular bacteria, or 
certain protozoa’*. Macrophages can also be rendered 
tumoricidal by incubation with soluble mediators (lympho- 
kines) released by antigen- or mitogen-stimulated Ivmpho- 
cytes, referred to as ‘macrophage activating factor’ 
(MAF). 

Tumoricidal activity can also result as a consequence of 
a host immune response against syngeneic tumours in 
vivo’ Recently. we found that PEM collected from 
tumour-immunised mice was not tumoricidal in vitro, and 
PEM from normal mice could not be rendered tumoricidal 
in vitro by incubation with MAF. Since the collection and 
culture of PEM, and cytotoxicity assays using PEM are 
influenced by a variety of factors #7, we first attempted to 
overcome our difficulties by varying the media, serum lot, 
type of inflammatory agent, and so on: all to no avail. We 
then examined the daily records of our animal facility and 
noticed that the levels of chlorine in the drinking water 
had been increased from 12-15 p.p.m. to 25-30 p.p.m. This 
increase seemed to coincide with the emergence of our 
difficulties. We therefore set out to investigate the pos- 
sibility that hyperchlorination of drinking water could 
adversely affect murine PEM. 

CS57BL/6N female mice weaned at 3-4 weeks of age were 
given sterile (and free of Pseudomonas) tap water (0.5-1.0 
ppm. chlorine) for 2 weeks. When the mice were 5-6 
weeks old they were divided into two groups. The first group 
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received hyperchlorinated drinking water (25-30 p.p.m.) and 
the second group continued on tap water and served as 
controls. Chlorine and chloramine were assayed by the 
O-tolidine method” by which the total chlorine is measured 
(OCI, HOCI, NH:Cl, NHCl and NCl;). Chlorinated drink- 
ing water was prepared (as is the routine procedure in our 
animal colony) twice weekly by adding a solution of sodium 
hypochlorite to tap water. At weekly intervals groups of 
five mice each were injected i.p. with 2 ml of thioglycollate 
broth. Individual mouse PEC differential and total count 
was carried out 5d later. The results of a representative 
experiment are shown in Fig. 1. At the start of this experi- 
ment and just before treatment, the mean number of PEC 
per mouse was 21+4x10°. One week later the number of 
PEC obtained from mice receiving hyperchlorinated water 
had decreased to 13+2%X10° per mouse, whereas control 
mice yielded 25+3x10° PEC (P<0.001). On consecutive 
weeks, the PEC yield from control mice increased, but the 
PEC yield from mice receiving hyperchlorinated water 
remained low. 

At each week, PEM from mice receiving hyperchlori- 
nated water or tap water were assayed for in vitro tumori- 
cidal properties. The adherent PEM cultures were incubated 
in vitro with supernatants obtained from cultures of rat 
lymphocytes stimulated with Sepharose-bound concanavalin 
A (Pharmacia) which were previously shown to contain 
MAF activity (Con A-MAF)'*. Macrophage-mediated cyto- 
toxicity in vitro was measured by release of radioactivity 
from pre-labelled target cells’'':'? as described in the legend 
to Table I. Tumour cell killing in vitro was measured by 
release of radioactivity (°I-UdR) from pre-labelled 
syngeneic tumour cells, the BI6 melanoma and ultraviolet- 
induced fibrosarcoma. Results of a representative 
experiment are shown in Table 1. 

PEM from mice receiving tap water or hyperchlorinated 
water were not significantly cytotoxic to either syngeneic 
tumour target, which is in agreement with our previous 
findings’’'"''*, and those of others’ *:°°"'*"") The PEM from 
mice receiving tap water were cytotoxic to both syngeneic 
tumour targets following their treatment with Con A-MAF. 
The levels of specific cytotoxicity differed slightly from 
week to week and ranged from 43 to 68% for the B16 
melanoma and 62-76% for the UV-112 fibrosarcoma 
(P<0.001). In contrast, PEM collected from hyperchlori- 
nated mice exhibited significantly lower levels of cytotox- 
icity (P<0.01) during the first two weeks of treatment 


Fig. 1 Mean no. of peritoneal exudate cells collected from 
mice receiving tap (0.5 p.p.m. chlorine@) or hyperchlorinated 
(25-30 p.p.m. a) drinking water. At any time point, the differ- 

ences between the groups were highly significant (P < 0.001). 
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(28-31% for the B16 melanoma and 24-48%, for the UV-112 
fibrosarcoma). By the third week of treatment, these PEM 
(even though treated with Con A-MAF) were not 
tumoricidal. 

These studies show that the addition of high levels of 
chlorine in the drinking water of mice produces profound 
alterations in numbers of PEM and tumoricidal function. 
The hyperchlorination of drinking water in facilities housing 
laboratory animals is a common occurrence. The effects of 
25-30 p.p.m. of chlorine become apparent within a matter 
of weeks. It is possible that the lower level (10-15 p.p.m.) 
of chiorine also exerts such effects, but over a much longer 
period of time. Supporting this possibility is the report that 
urban water (chlorinated at 2-4 p.p.m.) filtered by reverse 
osmosis and used in long-term haemodialysis of human 
patients was shown to cause acute haemolytic anaemia. 
Chlorine compounds brought about denaturation of haemo- 
globin by direct oxidation and also by the inhibition of the 
direct oxidative pathway, hexose monophosphate shunt 
(HMPS), of red blood cell (RBC) metabolism. This damage 
to RBC in haemodialysed patients was found to be cumula- 
tive over several periods of dialysis". 

The mechanism by which hyperchlorinated water affects 
murine macrophages is unknown. Several possibilities may 
be considered. The vacuolar system of macrophages is 
probably involved in the mechanism of cytotoxicity". 
Inhibition of macrophage lysosomal enzymes by Trypan 





Table į} /n vitro cytotoxicity mediated by MAF-treated and untreated 
macrophages from C57BL/6 mice receiving hyperchlorinated or 
tap drinking water 
% Macrophage-mediated 
Cytotoxicity tagainst 


Week of Drinking water* B16 UV-112 
treatment Melanoma Fibrosarcoma 
I Tap 55f 76ł 

Hyperchlorinated 288 48t 
2 Tap 687 70t 
Hyperchlorinated 31§ 24§ 
3 Tap 43} 62f 
Hyperchlorinated 0 0 
4 Tap 48t 72t 
Hyperchlorinated 0 0 





*Tap water: 0.5-1.0 p.p.m. of chlorine. Hyperchlorinated: 25--30 
p.p.m. of chlorine. 

TPEC (suspended in supplemented media) were plated into 60x 
i5mm plastic dishes at a concentration of 2 x 10° per dish. Thirty min 
after incubation at 37°C, non-adherent PEC were removed by 
washing with media, and fresh media was added. The cultures were 
then incubated for an additional 24h. At this time, all the adherent 
cells from mice receiving tap or hyperchlorinated water were phago- 
cytic and morphologically resembled macrophages. The plating 
efficiencies and differential counts of PEC collected from the two 
treatment groups were similar throughout the experiments. The B16 
melanoma and fibrosarcoma UV-112 tumour target cells from the 
CS57BL/6 mouse strain were labelled in vitro for 24 h with 0.3 pCi/ml 
of #*5}-UdR (200 mCipmol~!; New England Nuclear). The tumour 
cultures were washed with media to remove unincorporated radio- 
active label and cells were collected. 1 » 10+ labelled target cells were 
plated alone or were added to the Con A-MAF treated or untreated 
macrophage cultures, making an initial ratio of 100:1 adherent 
PEM to target cells. After 24 h, the triplicate cultures were washed 
and re-fed with media to remove target cells that did not plate. 
On day 5, the cultures were washed twice to remove non-adherent 
cells, and the remaining viable cells were lysed with | m1 0.5 M NaOH. 
The lysate and two rinses were combined and counted in a gamma 
counter. The plating efficiencies of tumour cells plated alone or on 
macrophage cultures have been previously shown to be similar®:!9, 
The % cytoxicity in the macrophage assays was computed with 
the following formula: [(c.p.m. of target cells with normal macro- 
phages~—-c.p.ng. of target cells with TM)/c.p.m. of target cells with 
nornwal macrophages] x 100. The statistical significance of differences 
between gfoups was tested with Student’s two-tailed r-test. 

FP < 0.001, 

§P < 0.02. 
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blue and stabilisation of lysosomal membranes by hydro- 
cortisone have been shown to suppress macrophage cyto- 
toxic activity'®. Moreover, the translocation of lysosomes 
from tumoricidal macrophages into susceptible target cells 
has been demonstrated by phase contrast“ and electron 
microscopic studies. Lymphokine-treated macrophages, 
which have enhanced bactericidal capacity", were found to 
have a 4- to 8-fold increase in glucose oxidation compared 
to untreated control macrophages. Nearly all the observed 
glucose oxidation was attributed to metabolism through the 
direct oxidative pathway (HMPS)". An inhibition of HMPS 
metabolism in macrophages by chlorine compounds” could 
perhaps reduce their tumoricidal activity. Chlorine com- 
pounds may also affect macrophages indirectly. Pathological 
conditions that produce large numbers of damaged RBC, 
haemoglobin or haemoglobin degradation products within 
the macrophage vacuolar system (lysosomes) have now been 
shown to suppress macrophage tumoricidal activity’. As 
stated above, chlorine compounds have been shown to cause 
severe methaemoglobinemia and haemolysis". 

Regardless of the mechanism by which chlorinated water 
suppresses macrophages, the consequences of this sup- 
pression could be quite far reaching. The macrophage is 
thought to play a major part in host defence against 
neoplasia*”"*. Further, substances known to depress macro- 
phage function such as silica, carageenan and Trypan blue 
are reported to decrease host resistance against transplant- 
able tumours™*™. These findings and the experiments re- 
ported here raise the possibility that host resistance against 
neoplasms may also be compromised by hyperchlorinated 
drinking water. 

This work was supported by the US NCI (contract NOL- 
C0-25423 with Litton Bionetics). I thank Dr M. L. Kripke 
for discussions and Mr William Fogler and Ms Zoa Barnes 
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In vitro culture reduces 
immunogenicity of ° 
pancreatic endocrine islets 





Human pancreatic transplantation results, using the whole 
organ, have been disappointing and interest has been 
focused recently on the promising results obtained by trans- 
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planting isolated endocrine islets. Islet cell isotransplanta- 
tion can restore the diabetic animal successfully to a state 
of normoglycaemia’*. Unfortunately, islet allografts have 
been associated with only brief periods (4-8 d) of normo- 
glycaemia, and attempts to prolong function with immuno- 
suppressive therapy of the host have generally been 
unsuccessful’. The present results, however, suggest that 
the survival time of pancreatic islets, transplanted directly 
into the liver of a histoincompatible recipient, is prolonged 
by in vitro culture of the tissue before transplantation. 
Cogiplete or partial control lasting up to more than 160d 
was achieved in 70%, of recipients. Nevertheless, allogeneic 
cultured transplants are less effective in equivalent quan- 
tities than isogeneic grafts, in reversing an experimental 
diabetic state in rats. 

Evidence has accumulated that the immunogenicity of 
certain types of allografts is to some extent amenable to 
experimental manipulation’. Organ culture before trans- 
plantation may deplete the tissue of viable haematogenous 
elements and lymphoid cells>® and/or diminish the con- 
centration or availability of stimulatory antigens on the 
cell surface membranes’. In fact, as early as 1934, Stone 
er al’ attempted to adapt endocrine tissue in organ culture 
before transplantation. Other investigations with para- 
thyroid, adrenal and pituitary organ-cultured transplants 
have shown that a growth period in virro delays an adverse 
response of the host to the grafts’. Up to now, in spite of 
conflicting data about the enhancing effect of in vitro cul- 
ture on the survival of skin grafts, well controlled experi- 
ments have established that as a result of maintenance in 
vitro for 3 to 13d, a significant proportion of allografts of 
ovarian and thyroid tissues are able to override major 
histocompatibility barriers", Apart from one study men- 
tioned in a preliminary abstract’? no previous report deals 
with enhancement of survival of endocrine pancreas 
allografts after organ culture. 

We have studied whether in virro culture before trans- 
plantation enhances the survival of pancreatic endocrine 
allografts and have confirmed the functional value of cul- 
tured endocrine islets’. The endocrine pancreatic grafts 
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Fig. 1 Glucose-stimulated insulin release of cultured islets. a, 
Short term incubation (90 min) of 4-d cultured islets (~~ =- — —) 
and fresh islets (—). Note the insensitivity of the cultured islets 
to increasing glucose concentrations. b, Prolonged incubation 
(24h) of 4-d cultured islets in the presence of increasing glucose 
concentrations and addition of 10 ug ml > glucagon, Small non- 
significant variations of the insulin content of the islets are ob- 
served, whereas glucose (10 mM and 15 mM) significantly 
increased their insulin output. Further addition of glucagon 
potentiates the glucose effect. The results are expressed as 


different experiments. Statistical significance was analysed by 

unpaired Student’s ¢ test; *, 7 significant against 5 mM glucose 

(P <0.001); ©), t significant against glucose alone (P < 0.05). 
GN, Glucagon. 
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were transplanted directly into the anterior hepatic lobe of 
the recipient, since several investigators have suggested 
that the liver may exert a protective role on allograft toler- 
ance (for reviews see refs 15-17). Diabetes was produced 
in young adult inbred male Lewis (LW) rats of 200 g body 
weight (Streptozotocin -[V- 65 mg kg™'). The rats received 
food and water ad libitum and each animal was isolated in 
a separate metabolic cage. Determination of body weight, 
daily measurements of urine volume and glucose content, 
and twice weekly measurements of serum glucose and 
insulin concentration were made. No animal was considered 
hyperglycaemic unless non-fasting blood glucose levels were 
over 48%, on the six determinations over a period of at 
least 15-18 d. Isolated endocrine islets from Wistar (WAG) 
inbred rats prepared by the classical collagenase digestion 
were collected under the dissecting microscope. One 
thousand islets, originating from three donors represented 
the amount of endocrine tissue grafted in each recipient 
The islets were either transplanted immediately after their 
isolation or after culture for 4 or 5d in Falcon dishes con- 
taining CMRL-1066 medium supplemented with 10% heat- 
inactivated calf serum’. Pancreatic transplantation of cul- 
tured or non-cultured endocrine islets was carried out by 
injecting the suspension of 1,000 islets in 0.5m] of culture 
medium directly into the anterior hepatic lobe of the 
recipient. Neither exogenous insulin nor additional immuno- 
suppressive therapy was administered to the recipients. The 
two inbred rat strains used were histoincompatible at the 
major locus (LW:Rt H-1) and WAG: H-1) and this 
has been confirmed by cross skin grafts between donor and 
recipient strains. 

As previously shown with mouse islets’, the culture of 
rat islets at 5mM glucose concentration for 4d led to a 
50-60%, decrease in the islet insulin content. The functional 
response of the cultured islets has been investigated (Fig. 1). 
Short term experiments (90 min) showed that 4-d cultured 
islets lost their sensitivity to glucose stimulation, compared 
with fresh islets. Insulin release by cultured islets, how- 
ever, was stimulated by glucose alone or with glucagon, 
during prolonged incubation (24h). Moreover, in these 
latter conditions the total insulin content (islets + medium) 
was always higher than that of the 4-d cultured islets 
(16.84+3.2 mU per 20 islets), suggesting insulin synthesis 
by the cultured islets. 

In animals treated with Streptozotocin (36 rats) the mean 
survival time (+s.e.m.) was about 25.5+2.6d following in- 
duction of the experimental diabetes. In animals receiving 
allogeneic non-cultured islet transplants (13 cases), the 


mean survival time was prolonged to 56.0+7.3d. Culture 


before transplantation increased the survival of the grafted 
animals significantly (P<0.001) (13 cases) to more than 
161 d. Three of these animals are still surviving more than 
6 months after the graft. 

The biochemical and metabolic progress of the grafted 
animals has been compared with that we have observed 
previously’ after isogeneic islet cell transplantation (Fig. 2). 
After allogeneic non-cultured islet transplantation, a tem- 
porary response was observed in 9 of 13 grafted animals. 
In the four remaining cases, the transplantation procedure 
did not significantly improve the diabetic state. This rate 
of success is similar to that observed previously in isogeneic 
islet transplantation’. The nine positive grafts, however, 
were followed by reversal to the diabetic state after a mean 
time of about 8.22+0.81 d. On the other hand, among the 
13 recipients of cultured allografts, 11 responded well to 
the graft, and only two of these reversed to the diabetic 
state between the 10th and 20th post-transplant day, while 
in the other nine a functioning graft survived for at least 
90d without immunosuppressive therapy of* the hgst. In 
these animals the fasting level of blood sugaf was sig- 
nificantly improved as compared with pretransplant levels, 
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Fig. 2 Effect of transplantation of 1,000 islets on glycaemia and 
urinary, volume of diabetic animals (shaded boxes) after: 
isogeneic islet transplantation (11 cases, dotted bar); non- 
cultured allogeneic islet transplantation (9 cases, —); 4d 
cultured allogeneic islet transplantation (9 cases, = = = =- 


but remained significantly different from non-diabetic 
animals and/or isogeneic recipients. Moreover, the rise in 
blood sugar after feeding as well as urine volume were not 
controlled within normal limits. Insulinaemia of these 
animals ranged between 13 and 30 aU ml” at the 5th post- 
operative month and was not different from that observed 
at the 8th post-transplant day, but was significantly different 
from pretransplant levels (P<0.05). 

From these results we can say that in vitro culture before 
transplantation induces a fall in the insulin content of the 
islets. Allogeneic cultured transplants of endocrine tissue 
are functionally less effective in equivalent quantities than 
isogeneic grafts and are unable to control carbohydrate 
metabolism fully. Culture of the pancreatic islets, before 
transplantation, markedly enhances the host tolerance to 
the graft in the absence of immunosuppressive therapy and 
in spite of, the existence of strong histoincompatible 
antig@ns between donor and recipient. Based on previous 
hypotheses and experimental results? the loss of meta- 
bolically active lymphoid cells during pancreatic islet 
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culture is now under investigation. The protective role 
of the liver on graft survival does not seem to be confirmed 
and seems to be limited to weak antigen barriers. 

This work was supported by a grant from the Institut 
National de la Santé et de la Recherche Médicale 
(75-5.0207). Insulin determinations of cultured islets were 
performed by A. J. Moody (Novo Research Institute, 
Copenhagen) to whom we are grateful. Dr Paturaud of the 
Upjohn Company kindly supplied Streptozotocin. We thank 
Eliane Munch and Francine Gosse for technical assistance. 
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Selective inhibition of response 
of Ips pini to its pheromone 
by the (S)-(—)-enantiomer of ipsenol 


THE response of the bark beetle Ips pini (Say) (Coleoptera: 
Scolytidae) to the attractant produced by conspecific males 
boring in ponderosa pine is inhibited by the presence of 
boring males of /. paraconfusus Lanier’. Ipsenol, 2-methyl- 
6-methylene-7-octen-4-ol, one of three synergistic com- 
ponents required to elicit attraction in /. paraconfusus’, 
also reduces catches of /. pini at traps baited with boring 
male 7. pini. Ipsenol has not been found in Z. pini. 
Because (S)-(—)-ipsenol is the only enantiomer of ipsenol 
present in J. paraconfusus*, we compared the inhibitory 
activity of the enantiomers of ipsenol with that of the 
racemic compound in the laboratory and field and we found 
that /. pini is affected specifically by the (S)-(— )-enantiomer. 

We measured the walking response of 7. pini in an open- 
arena olfactometer® to aliquots of a cold-condensate of 
volatiles produced by 97 male Ipini while boring in pon- 
derosa pine for 42 h (ref. 6). The attractant condensate was 
delivered in pentane from a power-driven syringe at about 
5.5 x 10° beetle-minutes per min (one beetle-minute of 
condensate is equivalent to the attractant produced by one 
male boring for 1 min). The two enantiomers were syn- 
thesised from (S)-(+)-leucine and its antipode’, and both 
they and racemic ipsenol were delivered in pentane, by 
syringe, at 5X 107° zl min™'. Response wa measured by the 
number of beetles reaching the source out of groups of ten 
released on the surface of the arena. All beetles used for 
assay were collected as they emerged in the laboratory from 
infested ponderosa pine and were stored in the same con- 
ditions before assays. 
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In the field, the response of I. pini was measured by the 
number trapped on cylindrical wire screen traps coated with 
a sticky material’. The attractive standard was produced 
by introducing 21 (test 1) and 25 (test 2) male beetles into 
pre-drilled holes in small ponderosa pine logs (15 x 30cm). 
Each log was wrapped in fine metal screen to prevent 
attacks by responding beetles. and was placed inside the 
sticky trap on a pipe standard | m above ground. The com- 
pounds were evaporated from 5-#! open-ended capillary 
tubes; one capillary suspended inside an inverted 35-mm 
filn? canister with a perforated lid. Two canisters were hung 
On opposite sides of a trap. The rates of evaporation of 





Table 1 Inhibition of the response of female /. pini to condensates of 
volatiles produced by boring male /. pini, by enantiomers of ipsenol 
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Test material Response No. of assays 
Mean of 10 (s.¢.) 
Condensate 5.07 (2.94) (a) 6 
Condensate + (R)-(+ )- 2.62 (1.98) (b) 13 
ipsenol 
Condensate -+ (S)-( ~- )- 0.83 (1.03) (c) 12 
—~ ipsenol 
Condensate +- racemic 0.17 (0.41) (c) 15 
ipsenol 
No stimulus 0.17 (0.41) (c) 6 





Tests were conducted between | and 13 September, 1976 in Davis, 
California. Responses followed by different letters are significantly 
different at P < 0.05 (Mann-Whitney test). 


both enantiomers and racemic ipsenol, measured volu- 
metrically in the field, were approximately 2 mg for 24h 
for each treatment. Treatments were arranged in a line, 
20m apart. Beetles were picked from the traps which were 
rotated every 2h, so that all treatments occupied all posi- 
tions at least once. 

The responses of female /. pini in the laboratory to cold 
condensate alone and to condensate delivered with (R)-(+ )- 
ipsenol were both significantly higher than those to conden- 
sate delivered with either racemic ipsenol or (S)-(—)-ipsenol 
and to the control (no condensate or ipsenol) (Table 1). The 
slight, but significant, activity of (R)-(+ )-ipsenol in inhibit- 
ing female response to cold condensate could easily have 
been due to contamination, which is difficult to avoid in 
that type of assay. Too few males were available to provide 
a significant result, but their response paralleled that of the 
females. 

In field tests, (R)-(+ )-ipsenol had no measurable effect on 
catches of /. pini at traps containing males boring in logs 
(Table 2). In contrast. on traps where racemic or (S)-(—)- 
ipsenol was evaporated beside a log containing males, there 





Table 2 Effect of enantiomers and racemic ipsenol on catches of 7. 
pini at traps containing male /. pini boring in ponderosa pine 


AOE Periaate IV AMEN Hanami pr 








Treatment Test | Test 2 
1. pini trapped I. pini trapped 
Total Median 3:9 Total Median 3:9 
L. pini 47 Wa) ELB 32 XMa) 1:08 
I pini + 27 Xa) 3: 1.25 43 3a) 1:1.26 
(R)-(+- )-ipsenol 
L. pini +- 1 0b) — 2 Œb) 0:20 
(S)-{— )-ipseno! 
I. pini + 8 0b — 3 œb) 3:0.0 
racemic ipsenol 
Ponderosa pine log 0 0 oe 3 0b č — 
alone 
Racemic ipsenol alome 0 O — 0 0 = 





Test | was conducted between 6 and 9 July and test 2 between 
17 and 21 July, 1977 at McCloud Flats, California. Eleven 2-h replica- 
tions of each treatment were done in each test. There were 21 males 
per bolt in test | and 25 in test 2, Trap catches followed by different 
letters are significantly different (Wilcoxon signed rank test) at 
P < 0.01 (test 1)and P < 0.05 (test 2). i 
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were so few catches that there was no significant difference 
from control traps containing either a log with no beetles or 
racemic ipsenol alone. Thus, the walking responses of /. 
pini measured in the laboratory paralleled the response in 
the field, although with less precision. From both sets of 
results we conclude that the inhibition of aggregation in /. 
pini by boring males of /. paraconfusus is probably due to 
(S)-(~)-ipsenol released by those males. 

Although enantiomeric specificity of the components of 
attractant pheromones has been demonstrated in several 
species of Scolytidae, Dendroctonus’, Gnathotrichus’, and 
Ips”, we believe that ours is the first demonstration of 
enantiomeric specificity of an interspecific pheromonal 
inhibitor in this family. The restricted production of and 
response to enantiomers is one mechanism which enhances 
the range of unique combinations of available olfactory 
stimuli. 


M. C. BIRCH 
D. M. LIGHT 
Department of Entomology, 
University of California, 
Davis, California 95616 
K. Mort 
Department of Agricultural Chemistry, ° 


University of Tokyo, 
Bunkyo-ku, Tokyo 113, Japan 


Received 26 July: accepted 28 October 1977, 


I. Birch, M. C. & Wood, D. L, J. chem. Ecol. t, F01-113 (1975). 

2, Silverstein, R. M.. Rodin, J. O. & Wood, D. L. Science r S09- SIO (1966), 

3. Birch, Me C. & Light, D. M. J. chem. Ecol. 3, 2857-267 (1977), 

4. Mori, K. Tetrahedron Lett. 26, 2187-2190 1 1975), 

5S. Wood, D L., Browne, L. E.. Silverstein. R. M. & Rodin. J. O.J. Insect Physiol, 
12, 523- 336 (1966). 

6. Brevi L. E Birch, M, C. & Wood, D. L. J. Insect Physiol, 20, 183-193 
11974). 

7. Mori, K. Tetrahedron, 32, 1101-1106 (1976). 

8. Wood, D, L. et af. Science 192, 896-898 (1976). 

9. Berden, J. H., Chong, L., McLean, J, A., Slessor, K. N. & Mori, K. Science 
192, 894-896 (1976). 

10. Vié J. P., Kilimetzek, D.. Loskant, G., Hedden, R, & Mori, K. Naturwissen- 


schaften 63, 582-583 (1976). 
Vité, J. P.. Hedden, R. & Mori, K. Natarwissenschaften 63, 43 (1976). 
Hedden R., Vite, J. P. & Mori, K. Nature 261, 696-697 (1976). 


bd — 








Acetylcholine receptors 
in the oocyte membrane 


In vertebrates, fully differentiated cells such as skeletal 
muscle and some nerve cells are highly sensitive to acetyl- 
choline (ACh), due to the presence of acetylcholine 
receptors in their surface membranes. In muscle fibres, the 
ACh-sensitivity is known to appear early during differen- 
tiation’, but relatively little is known about the chemical 
sensitivity of the membrane in the undifferentiated cell. In 
particular, it would be interesting to know if spermatozoa 
and oocytes are already sensitive to ACh and other neuro- 
transmitter substances. To examine this question, toad 
(Xenopus laevis) oocytes were taken from the ovary, kept 
in frog’s Ringer or Merriam’ solution, and studied at room 
temperature, using conventional electrophysiological tech- 
niques. 

The oocytes had resting potentials of —30 to —80 mV, 
and their input resistance varied between 200 k22 and over 
3 M2. The membrane potential frequently showed transient 
spontaneous depolarisations a few mV in amplitude. When 
the oocytes were perfused with a solution containing ACh 
the membrane was depolarised as illustrated in Fig. la. 
This depolarisation was dose-dependent; but varied greatly 
among different oocytes, with some responding to as little 
as 10° M, while oocytes from other animals failed to re- 
spond to 10° M. Other cholinergic drugs such as carbachol, 
muscarine, arecholine and choline also depolarised the 
oocytes. The most usual response to ACh wae a membrane 
depolarisation but frequently this was followed, os pr&teded, 
by a hyperpolarisation; and in some oocytes, only a hyper- 
polarising response was seen. Both types of response 
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a 
| 
Ach 5 min Ach 2 min 


Fig. 1 Effect of acetylcholine (ACh) on a Xenopus laevis oocyte. 
a, Change in membrane potential induced by bath application of 
10 M ACh. The bar indicates the time during which ACh was 
perfused. Resting potential —63 mV. b, Membrane current 
induced by perfusion of 10 M ACh. Same oocyte as in a but 
under voltage-clamp. Holding potential —53 mV. Oocyte pre- 
treated with collagenase to remove follicular cells. 


‘desensitised’ during maintained application of ACh. To 
determine if’ the ACh was acting directly on the oocyte 
membrane, and not through an action on the follicular 
cells which normally envelop the oocytes, these were treated 
with collagenase which is known’ to remove the follicular 
cells. Such treatment sometimes reduced or even abolished 
the effect of ACh, but many treated oocytes responded 
normally to ACh and a subsequent morphological study 
showed that the follicular cells had actually been removed. 
Thus, it is clear that ACh is acting directly on the oocyte. 
The depolarisation induced by ACh was accompanied by 
a fall in membrane resistance (Fig. 2), and an inward flux 
of current which could be measured under voltage-clamp 
conditions (Fig. 1b). The membrane potential at which the 
ACh-induced current reverses in direction was about 
-——25 mV, and similar values were obtained from the cross- 
over point of the current-voltage relations before and during 
the application of ACh (Fig. 2) or from the plateau level 
of depolarisation evoked by high doses of ACh (Fig. Ia). 
In other systems, ACh is known to alter membrane per- 
meability to one or more of the following ions: Nat, K*, 
CF and possibly Ca’* (ref. 6). ACh was still able to de- 
polarise the oocytes when Ca** was removed from the 


Fig. 2 Current-voltage relation of the oocyte membrane in 
resting state (full circles) and during depolarisation induced by 
10+ M ACh (©). Membrane conductance increased about 
18-fold during peak ACh-action. Collagenase-treated oocyte. 
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external fluid, when Tris, Ca** or Mg** were completely 
substituted for Na*, or when all the Cl” was replaced by 
SOc”. In the latter case, the response to ACh was enhanced 
and the membrane potential during ACh-action even 
reversed in sign, becoming inside positive. The principal 
conclusion drawn from these experiments is that ACh 
increases the permeability of the oocyte membrane, mainly 
to CI” ions. 

Some substances which are known to block the effects 
of ACh in other systems were tested to see if they antag- 
onised the action of ACh on the oocyte. Curare (uf to 
10°*M) was ineffective, as was also a-bungarotoxin 
(10° g ml™’) which did not block the response to ACh even 
after the oocytes had been incubated in the toxin for 48 h. 
Tetrodotoxin (10°°M), which blocks action potentials in 
some cells, did not abolish the spontaneous membrane 
depolarisations or the effect of ACh. On the other hand, 
atropine (107 to 10™* M) blocked the action of ACh on 
the oocytes in a reversible way. 

We have made a brief survey of the effect of some neuro- 
transmitters on the oocytes, by perfusing the drugs at con- 
centrations ranging from 10°° to 10° M. Glycine, GABA, 
l-glutamate and histamine had no obvious effect on the 
membrane potential of collagenase-treated, or untreated 
oocytes. Adrenaline, 5-hydroxytryptamine and dopamine 
evoked a membrane hyperpolarisation accompanied by a 
decrease in membrane resistance (Fig. 3). As in the case 
of ACh, the sensitivity of the oocytes to the amines varied 
considerably from batch to batch. Some oocytes were sen- 
sitive to both ACh and dopamine, in which case atropine 
blocked only the response to ACh. Thus, ACh and dopamine 
seem to act on different membrane receptors, and evoke 
different permeability changes. 





Da S min 


Fig. 3 Hyperpolarisation of oocyte membrane potential induced 

by dopamine (10~® M). Membrane resistance decreased during 

dopamine action, as evidenced by the decrease in the potential 

change caused by the series of brief hyperpolarising pulses. 

Oocyte not pre-treated gau Fa S Resting potential, 
—4l mV. 


During bath application of ACh (Fig. 1), it was noticed 
that the response began well after the ‘dead-time’ of the 
perfusion system (about | min). To obtain a better indication 
of the time lag between the application of ACh and the 
onset of ACh-action, we applied the ACh ionophoretically 
to a small patch of the oocyte’s surface membrane. Using 
this method on muscle fibres it has been possible’ to detect 
a response to ACh a small fraction of a millisecond after 
the release of ACh. In contrast, the responses in the oocyte 
always took many seconds to develop (Fig. 4) and consisted 
of a series of oscillations of membrane potential. Similar 
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Fig. 4 Oscillations of membrane potential induced by ionto- 

phoretic application of ACh to an oocyte pre-treated with 

collagenase. Upper trace: membrane potential. Lower trace: 

ionophoretic current used to release ACh. The small deflexion 

preceding each pulse gives a measure of the backing current used 

to retain the ACh in the pipette. Resting membrane potential, 
-62 mV. 


oscillations in current were seen when the oocyte was in 
voltage-clamp (cf. Fig. 1b). 

Micro-ionophoresis of ACh also allowed us to examine 
the distribution of ACh-sensitivity over the oocyte’s surface. 
There was a large variation in the sensitivity of different 
spots, but nevertheless it was clear that both the pigmented 
and non-pigmented surfaces of the oocyte were sensitive to 
ACh. Furthermore, it seems that the ACh-receptors are 
only activated by ACh from the outside, because no 
depolarisation was obtained when the ACh was applied 
intracellularly. 

Thus, it seems that the oocytes synthesise, and incorporate 
into their surface membrane, receptors which are activated 
by neurotransmitters and related substances. The functional 
significance of these receptors in the oocyte is not known, 
although it has been suggested that ACh and some mono- 
amines may act as intracellular regulators of cell division”. 

Our experiments indicate that the drug-receptor combina- 
tions open channels through which ions flow across the 
oocyte membrane. The long delay between the application 
of ACh and the onset of the increase in membrane perme- 
ability indicates that the receptor-channel coupling is not as 
fast as in skeletal muscle. Perhaps a number of receptors 
have to interact before they are able to open the channel: 
or it may be that in the oocyte the opening of the channel 
is not triggered directly by the receptor, but indirectly 
through the production of a substance, perhaps within the 
cell, and its accumulation near the membrane. 
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Pharmacologically induced 
selective degeneration of 
chemosensitive primary sensory neurones 


PHARMACOLOGICALLY evoked selective degeneration of 
neurones with a specific function or functioning with known 
transmitter substances, has been reported only in the mono- 
aminergic neurone systems™*. We report here that selective 
degeneration of neurones with a highly specific function 
can be produced by chemical agents in the somatosensory 
system as well. Capsaicin given to newborn rats induces 
selective degeneration of a distinct population of primary 
sensory neurones involved in mediation of chemogenic pain. 

Capsaicin—after an initial violent stimulation—renders 
sensory nerve endings in the skin and mucous membranes 
of different species insensitive to chemical pain stimuli for 
a long time’. In addition, in the rat, marked systemic 
desensitisation greatly inhibits the neurogenic inflammation 
induced either by pain-producing chemical irritants. or by 
antidromic electrical stimulation of sensory nerves™*. The 
neurohumoral substance which increases yascular per- 
meability is released from the sensory nerve endings which 
transmit chemogenic pain™*. Thus the degree of the in- 
crease in vascular permeability can be used as a tool to 
study the functional condition of primary sensory neurones 
involved in the transmission of pain induced by chemical 
stimuli, The desensitising effect of capsaicin has been 
analysed in detail in the adult rat, and it has been estab- 
lished that the functional impairment ensues at the level 
of the primary sensory neurone” without causing its 
degeneration” 

Newborn rats of the CFY strain were given a moderate 
subcutaneous dose of 50 mg kg’ capsaicin on day 2 of life. 
Animals receiving a similar amount of the solvent used 
(10°, ethanol, 10°, Tween 80 in isotonic saline) served as 
controls. Adult rats. aged 3-4 months. were similarly 
treated. Neurogenic inflammation was brought about by 
painting the skin of one of the hind paws with 5%, mustard 
oil in liquid paraffin or with xylene™" after intravenous 
administration of SOmgkg' Evans Blue dye. Twenty 
minutes afterwards, the animals were bled and the amount 
of exuded dye was extracted from the skin with methanol 
containing 1°, Suramin and determined photometrically”. 

Table | shows the results of a series of experiments 


Fig. 1 Effect of 5°, mustard oil on the skin of the paw of a rat 


pretreated a, neonatally and b, as an adult with 50 mg kg~' 
capsaicin 9 months before the experiment; c, normal control. 
intravenously, 


Evans Blue dose was 50 mg kg™! 


- = 








Fig. 2 Electron micrograph of B-type neurones of cervical 
sensory ganglia of 2-d-old rats. a, Control; b, 30 min after 
capsaicin treatment. As a consequence of capsaicin treatment, 
the fine structure of the primary sensory neurone is severely 
impaired; note swollen mitochondria, disorganisation of 
cristae, dilation of the perinuclear cisterna, as well as that of the 
cisternae of the rough endoplasmic reticulum. The electron 
density of the cytoplasm much greater than that of the control. 
N, Nucleus; M, mitochondrium; rER, cisterna of the rough 
endoplasmic reticulum. Magnification x 16,000. 


carried out on rats pretreated, as neonates or as adults, with 
capsaicin 2-8 months before the experiment. The amount 
of dye exuded from rats pretreated as adults did not differ 
considerably from that of the controls. Neonatal pre- 
treatment, however, resulted in an almost complete blockade 
of the neurogenic inflammatory response. Figure | shows 
the results of a typical experiment, where pretreatment was 
50 mg kg`' capsaicin 9 months before eliciting neurogenic 
inflammation in neonatal and adult rats. The paw of the 
control rat turned blue in response to 5% mustard oil 
solution, indicating the intense increase in the vascular 
permeability. A comparable dye exudation also ensued in 
the skin of a rat pretreated as an adult. Neurogenic 
inflammation could not, however, be elicited in the paw of 
the neonatally-pretreated rat. The same results were ob- 
tained if xylene was used as the irritant. Chemical sensitivity 
in the eye, as tested by zingerone. the pungent pain- 
producing substance in ginger’, was practically abolished 
in these animals, but they showed no reduction in sensitivity 
to physical, for example, mechanical, stimuli. Neonatal 
capsaicin pretreatment evidently impairs the function of 
the chemosensitive primary sensory neurones irreversibly. 

For histological investigations, animals were perfused 
with a buffered solution of 2% glutaraldehyde and 4% 
formaldehyde by way of the left ventricle, at different times 
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after neonatal capsaicin pretreatment. The Gasserian 
ganglion, cervical sensory ganglia and attached dorsal roots 
and the cervical spinal cord were processed for standard 
electron microscopic examination. In agreement with 
previous reports, the two principal types of sensory ganglion 
cells, the large type A neurones and the small type B 
neurones™ could be distinguished even at the very early 
Stage of postnatal development". Capsaicin injected to 
2-d-old rats exclusively damaged some of the B-type 
neurones. Only 30 min after administration of capsaicin, 
these neurones showed severe fine structural alterafions 
(Fig. 2). The ultrastructure of the type A neurones and 
other cellular elements of sensory ganglia was unimpaired 
after capsaicin treatment. Similarly, the fine structure of 
all cellular elements of sensory ganglia obtained from 
control animals appeared normal. 





Fig. 3 Electron micrograph showing degenerated axons and 
axon terminals (arrows) partially engulfed by glial processes 
(double arrows), in Rexed’s lamina II of the cervical spinal 
cord 8 h after capsaicin administration to a 2-d-old animal. 
Inset: Degenerated axon terminal still in synaptic contact with a 
postsynaptic dendrite. Magnification: x 5,920, inset x< 13,500. 


Light microscopy of 3-6-um thick, p-phenylenediamine- 
stained’ Araldite sections of the cervical spinal cord of 
neonatally-treated rats which had been killed 8h after 
treatment, revealed degeneration of axon terminals in the 
head of the dorsal horn. mainly in the laminae I and [I 
of Rexed. Electron microscopy confirmed this finding by 
showing the presence of a considerable number of degener- 
ating axons and axon terminals in this area (Fig. 3). After 
survival for 15h. most of the degenerated axon terminals 
were engulfed by glial processes. The degenerating axon 
terminals are, in all probability, the central processes of the 
impaired B-type sensory ganglion cells. since 4h after 
capsaicin treatment many unmyelinated nerve fibres in the 


Table 1 Evans Blue dye exudation elicited by 5°, mustard oil in the paw skin of rats pretreated with capsaicin 2-8 months before the experiment 
aaaea eee ee S S 


Rats Pretreatment Excess dye (ug) Inhibition 
(No.) (+SE) (%) 
17 E 23.75 +4.03 
17 50 mg kg 
capsaicin 1.48 +0.5 93.8 
(neonatally) > 
10 — 27.78 +-6.18 
10 50 mg kg" 
capsaicin 19.05 +6.45 31.5 
” (adult) 


III 


The excess dye values were obtained by subtracting the dye content of the control skin from that of the treated skin. Evans Blue dose 50 


mg kg~' intravenously. 
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dorsal root underwent degeneration. In addition, experi- 
ments now in progress show, that one month after neonatal 
capsaicin treatment there is about a 70% reduction in the 
number of unmyelinated fibres of the saphenous nerve. 

Axonal degeneration in the dorsal horn was accompanied 
by the appearance of many glial cells, localised mainly in 
the laminae I and H of Rexed. In stained sections, the 
cytoplasm of these cells contained intensely-stained granules 
and they were also characterised by a very marked acid 
phosphatase enzyme activity. In the electron microscope 
sectfons, numerous lamellar bodies and osmiophil debris 
were observed in the cytoplasm of these cells. It therefore 
seems that these cells are phagocytosing glial cells, ingesting 
degenerated neuronal elements. 

The findings presented here clearly show that neonatal 
capsaicin treatment results in a completely irreversible 
impairment of the function of chemosensitive primary 
sensory neurones. As a consequence, painful sensory irri- 
tants, the effect of which depends on intact chemosensitive 
nerve endings, do not evoke neurogenic inflammation in 
neonatally-treated animals. The morphological basis for this 
phenomenon is provided by the degeneration of a distinct 
population of primary sensory neurones. In adult rats 
treated with capsaicin, the effect of neurogenic irritants 
gradually reappeared, showing that the function of chemo- 
sensitive pain nerve endings, at least partially, returned. 
This latter finding is consistent with previous results, which 
Stated that capsaicin treatment does not induce degener- 
ation of primary sensory neurones in the adult rat”. 

Our present results may open new possibilities in the 
study of the structure and function of chemosensitive nerve 
endings, as well as in mapping of their central neuronal 
connections. These findings may also promote investigations 
to elucidate, for example, immunohistochemically, which 
of the putative transmitters'® may be involved in mediation 
of chemogenic pain. 
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p-a-Aminoadipate as a selective antagonist 
of amino acid-induced and synaptic 
excitation of mammalian spinal neurones 


+ 
THE identification of either -glutamate or L-aspartate as 
excitatory transmitters in the mammalian central nervous 
system would be facilitated by the discovery of specific 
antagonists of amino acid-induced and synaptic excitation. 
Hall er al. have suggested that p-a-aminoadipate may be an 
amino acid antagonist’. They based their suggestion on the 
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depressant effect of the pL form on spontaneous and amino 
acid-induced excitation of rat thalamic neurones, the L form 
being weakly excitatory. We have shown that related long- 
chain amino acids depress synaptic excitation of spinal 
neurones and exert a differential depressant action on 
chemically induced excitation of these cells’. We therefore 
tested the actions of both D- and pL-a-aminoadipate on 
synaptically evoked excitation and on excitations induced 
by acetylcholine, L-glutamate, L-aspartate, kainate and N- 
methyl-b-asparate (NMDA) on spinal neurones. These latter 
two amino acids have been suggested to act on ‘glutamate- 
preferring’ and ‘aspartate-preferring’ receptors, respec- 
tively’. The results presented here indicate that p-a-amino- 
adipate selectively antagonises NMDA- and .-aspartate- 
induced responses of dorsal horn interneurones and 
Renshaw cells and depresses non-cholinergic synaptic 
excitation of these cells evoked by dorsal root stimulation, 
whereas cholinergic excitation of Renshaw cells evoked by 
iontophoretic acetylcholine or ventral root stimulation is 
not depressed by this agent. 
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Fig. 1 Selective effects of pL-a-aminoadipate (DL-AA) on 
amino acid-induced excitation of a dorsal horn interneurone in 
the mouse spinal cord. a, DL-AA (6 nA), ejected for the period 
indicated by the upper bar, almost abolished excitation pro- 
duced by L-aspartate (30 nA) and depressed responses of the cell 
to L-glutamate (38 nA) to a lesser extent. b, Responses of the 
same cell to NMDA (24 nA) were diminished by removal of 
the pL-AA retaining current and abolished by 2 nA of the 
agent, while responses to kainate (5 nA) were unaffected. 


We used spinal interneurones of the mouse and spinal 
interneurones and Renshaw cells of the cat. Mice (C3H 
strain) were anaesthetised with pentobarbitone sodium 
(40 mg per kg body weight) given periodically through an 
intraperitoneal (i.p) cannula as required. After ip. admini- 
stration of gallamine triethiodide (50 mg per kg), mice were 
ventilated artificially through a trachéal cannula at a 
respiratory rate of 166 min`, They rested on a thermistor- 
controlled heating pad (37-38 °C). (Further details are 
given in ref. 5.) Cats were anaesthetised with pentobarbitone 
sodium (35 mg per kg i.p. initially, supplemented by 5 mg 
per kg i.v. when necessary). The surgical pfocedurg and 
methods of neurone identification were as previously 
described®. Conventional iontophoretic techniques were 
used in both series of experiments. Extracellular recordings 
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Fig. 2 Selective antagonist actions of p-a-aminoadipate (p-AA) and dihydro-B-erythroidine (DHBE) on chemically- and synaptically- 
induced firing of a cat Renshaw cell. The ratemeter record at the top of the figure illustrates the selective depression of L-glutamate (glu 


were made with the 4M NaCl-containing centre barrel of 
seven-barrel micropipettes, the other barrels containing 
solutions of agonists and antagonists as follows: sodium 
NMDA, 50mM in 100mM NaCl, pH 7; sodium kainate, 
20mM in 130mM NaCl, pH7; sodium .-glutamate and 
sodium L-aspartate, each 200 mM (mouse) or 500 mM (cat). 
pH7; sodium p- and sodium pL-a-aminoadipate (Sigma) 
each 200 mM, pH 7; acetylcholine chloride (500 mM). D-a- 
Aminoadipic acid ([a]p-23.5°, c 0.7 in 6 N HCI) was isolated 
from the racemic mixture by fractional crystallisation of 
the p-lysine salt, and recovery of the free acid by ion 
exchange chromatography. 

Both D- and btL-a-aminoadipate selectively depressed 
NMDA- and L-aspartate-induced excitation of dorsal horn 
interneurones in the mouse spinal cord. The cell illustrated 
in Fig. | was particularly sensitive to the antagonist and 
an ejection current of 2nA was sufficient to abolish the 
excitation produced by NMDA. There was little or no 
effect on excitation evoked by kainate (Fig. Ib). A slightly 
higher antagonist-ejecting current (6 nA) almost abolished 
L-aspartate-induced excitation of the same cell, and 
had considerably less effect on t-glutamate-induced excita- 
tion (Fig. la). Recovery of the responses occurred rapidly 
after termination of the antagonist administration. Similar 
effects were seen on all 14 cells treated with either p-a- 
aminoadipate (11 + 2nA.7 cells) or pt-a-aminoadipate 
(17 + 6nA,7 cells). Both forms of a-aminoadipate also 
depressed the*synaptic excitation of these cells evoked by 
dorsal*rooe stimulation. This effect was seen on 8 of 10 
cells tested with the p form (20-45 nA) and on all four cells 
tested with the pt form (5-40 nA). 


When tested on cat Renshaw cells, both pL-a-aminoadi- 
pate (39 + I12nA,six cells) and p-a-aminoadipate (16 + 
4nA, 10 cells) had a similar differential depressant effect on 
excitation induced by NMDA and kainate to that observed 
on mouse dorsal horn interneurones. L-Aspartate-induced 
excitation was also more sensitive than L-glutamate-induced 
excitation of these cells, though this differential sensitivity 
tended to diminish with increased ejection currents of 
antagonist (Fig. 2). Acetylcholine-induced excitation of the 
same Renshaw cells was virtually unaffected by either form 
of the agent. Of 16 Renshaw cells excited by acetylcholine, 
13 were unaffected. | depressed and 2 slightly enhanced by 
DL- or D-a-aminoadipate (6 and 10 cells, respectively). 

Renshaw cells may be activated synaptically by both 
cholinergic and non-cholinergic pathways’, and in the 
present experiments these different synaptic inputs were 
differentiated by the use of the nicotinic antagonist dihydro- 
B-erythroidine (DHE). v-a-Aminoadipate (40-100 nA for 
4-20 min) had no effect on the DH#E-sensitive excitation of 
11/11 quiescent Renshaw cells evoked by ventral root 
stimulation. In contrast, DH#E-resistant excitation evoked 
by dorsal root stimulation was markedly depressed by D-a- 
aminoadipate (20-90 nA for 3-5 min) on 5/5 of these cells 
(Fig. 2). The firing of a further 7 spontaneously active 
Renshaw cells was also depressed by ejther D- or DL-a- 


Experiments on the isolated frog spinal cord have indi- 
cated that the whole of the depressant activity of DL-a- 
aminoadipate is due to the pD isomer (our unpublished 
observations). In other experiments we have shown that 
p-a-aminoadipate has little or no effect on responses of the 
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isolated rat spinal cord to carbachol, substance P or nor- 
adrenaline and that the agent does not affect transmission 
in the rat superior cervical ganglion. These findings, together 
with the specificity shown by the agent in depressing chemi- 
cally-induced and synaptically-evoked excitations in the 
present work, strongly suggest that b-a-aminoadipate acts 
by a specific antagonism of amino acid-mediated synaptic 
excitation in the spinal cord. It follows that an acidic amino 
acid is probably released synaptically on to mouse dorsal 
horn interneurones and cat Renshaw cells in response to 
dorsal root stimulation. Since the actions of kainate and 
i-glutamate are less sensitive to the antagonist than those 
of NMDA and L-aspartate, our results support previous 
evidence’*'” that the transmitter mediating such synaptic 
excitation may be 1-aspartate. 
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Axon conduction velocity modified 
by reinnervation of mammalian muscle 


Wuen Buller er al’ observed that cross reinnervation of 
fast- and slow-twitch muscles could reverse their mechanical 
properties, the operations had been performed in the hope 
of finding changes in reflex connections. The changes in 
muscles were of great interest and have dominated this 
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field of research until recently, when Kuno et al. 
investigated some changes in motoneurone properties 
following axotomy and reinnervation. Retrograde changes 
of some electrical properties of the soma were observed 
which were reversed when the nerve re-established con- 
nections with the muscle. We report here some experiments 
on motor units in normal and reinnervated muscles, in 
which we have found that the conduction velocities of 
regenerated axons depend on the nature of the muscle 
which they reinnervate. 

The initial operations were carried out on young adult 
cats of 1.5-2 kg body weight. Under anaesthesia, the 
nerves to flexor digitorum longus (FDL) and soleus 
muscles (fast- and slow-twitch respectively) were divided 
between fine ligatures. Each central end was reunited 
either to its own distal stump (self reinnervation) or to 
that of the other nerve (cross reinnervation). 

For the final experiment either FDL or soleus was pre- 
pared for isometric recording and ventral roots were 
exposed by laminectomy. Functionally single axons were 
isolated by splitting the ventral roots with fine forceps as 
described elsewhere™*, Only axons producing a response in 
the muscle under test were examined, but some of these 
would have branched to innervate the other muscle. 

Axon conduction velocity was estimated from the 
latency of the antidromic action potential and the inter- 
electrode conduction distance (168-198 mm) measured 
in situ proximal to the neuroma. The stimulus was set 
at twice threshold for a 0.2-ms rectangular pulse. Axonal 
conduction velocity increases during regeneration but this 
could not affect the interpretation of our results since there 
were no significant differences between the post-operative 
survival periods of the self and cross re-innervated groups 
(Table 15). 

The axonal conduction velocities recorded in these 
experiments are displayed as the histograms of Fig. 1. 
In each panel, the open columns indicate axons which had 
originally innervated FDL muscles. In the control and 
self reinnervated groups these axons still innervated FDL 
muscle; in the cross reinnervated groups the ‘FDL axons’ 
innervated soleus muscle at the time of recording. In the 
same way, the hatched columns indicate soleus axons. 
A Statistical analysis of the results is presented in Table la. 

In normal muscles, FDL axons have a higher mean 
conduction velocity than those of soleus. After section 
and self reinnervation for 6 months, this difference 
persisted, although both groups of nerves conduct more 
slowly--at a mean velocity which was 83% of normal in 
FDL and 87% in soleus. This finding was anticipated, 
since slowing of conduction velocity proximal to the 
region of damage is well known. 

In the FDL axons cross reinnervating soleus for 6 
months, a reduction in conduction velocity to 83% of 





Table 1 Statistical analyses of results of experimental reinnervation of muscle 


Experimental group Control 
a, Conduction velocity (m s+) 
FDL 94.2 (205) 
+94 
i Soleus 67.5 (172) 
-4 8.0 


b, Reinnervation period (d) 
E 


+ 
Soleus 


Self Cross Cross 
(6 month) (6 month) (2 yr) 
78.3 24) 78.5 (62) 87.2 (115) 
* +. 10.1 * + 8.9 *F+ 4+ 12.9 
58.7 (34) 71.9 (142) —_ 
* +. 14,1 * + 8.7 i 
200 (5) 180 (5) 745 (5) 
-+ 18 + 23 + 
215 (4) 198 (5) mener 
+ 20 4 15 


OSE 


The initial values are means; in parentheses are the number of axons (a) or of animals (b); 4. s.d. ä 


sig corr | 
-oss reinnervated axons, control group not indicated thus). 
aj. 


* 


‘Geant differences aans * {comparison with corresponding control axons) and + (comparison with correspondifig 6-mont 
nificant differences between means | In all these cases the differences by the t-test were significant at least at the 0.0001 
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Fig. 1 Distributions of conduction velocities of FDL (open 

columns, light arrows) and soleus (hatched columns, dark 

arrows) axons in control cats and after reinnervation operations. 

Arrows indicate group means. a, Cross reinnervation, 2 yr; 

b, cross reinnervation, 6 months; c, self reinnervation, 6 months; 
d, control. 


control was observed, which was very close to that in 
the corresponding self reinnervated group, We have fol- 
lowed cross reinnervated FDL axons for 2 yr and found that 
although recovery progressed over this longer period it 
was still not complete. 

In contrast the mean conduction velocity of soleus axons 
cross reinnervating FDL muscle at 6 months was greater 
by 7% than that of normal soleus axons. The mean con- 
duction velocity of the cross reinnervated soleus axons was 
24% greater than that of the self reinnervated axons; the 
difference was highly significant (t=6.9, P<10~°), 

The present results seem to differ from those of Kuno 
et al, who concluded that conduction velocities of soleus 
axons were restored to normal, both in self and in cross 
reinnervation, at 4-5 months. Their figures do, however, 
show more complete restoration following cross reinnerva- 
tion and although this difference was not significant 
statistically (their numbers were smaller) it was in the 
same direction as ours and there may be no real dis- 
crepancy. Kuno er al.’ did not examine cross reinnervated 
fast muscle nerves. 

We conclude that the properties of reinnervating 
a-motoneurones, as expressed in the conduction velocity 
of their axons above the neuroma, are influenced by the 
nature of the muscle into which they grow. In particular, 
axons which normally innervate a slow-twitch muscle may 
have their conduction velocity increased by being made 
to innervate a fast-twitch muscle. Presumably, the 
anatomical basis of this would be an increase in axon 
diameter. Two general hypotheses are possible. One 
involves a direct influence from the muscle as has been 
suge&ted, by Kuno er al’; alternatively, the effect might 
involve a change in afferent information from a muscle 
receiving a foreign innervation with a different pattern 
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of activity. The second type of hypothesis could be extended 
more easily to explain why the effects are asymmetrical 
between fast and slow muscle. 
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Birefringence signals and 
calcium transients in skeletal muscle 


TwitcueEs in skeletal muscle are preceded and accompanied 
by changes in optical properties of the muscle fibres, 
Measurements of birefringence give large signals which 
can be separated into two main components*™*: the first 
begins on the falling phase of the action potential, and 
reaches a peak at the onset of tension development; this is 
followed by a late signal which is thought to be associated 
with development of tension by the contractile 
proteins'“°. Since the early signal precedes tension 
development, it could provide an important tool for 
studying intervening steps in excitation—contraction 
coupling. This signal has recently been attributed to 
potential changes in the sarcoplasmic reticulum (SR) 
membrane, associated with Ca’* release into the sarco- 
plasm". We have simultaneously recorded birefringence 
signals and changes in intracellular Ca’* concentration, 
using arsenazo III, in frog muscle fibres. The results show 
that the onset of the early birefringence signal coincides 
with the rise in sarcoplasmic Ca” concentration, and that 
both can be abolished by injecting EGTA to chelate the 
sarcoplasmic Ca. This suggests that the early birefringence 
signal arises from some process dependent on the rise in 
sarcoplasmic Ca**, and is not caused by events in the SR 
associated with the calcium release mechanism. 
Experiments were performed on the cutaneous pectoris 
muscle of Rana temporaria, using a bathing solution of 
the following composition (in mmol °): NaCl, 120; KCI, 2: 
CaCl, 2; phosphate buffer (pH 7.2), 3. Intracellular Ca” 
changes were measured with arsenazo III as previously 
described’, Briefly, the muscle was stretched sufficiently 
to block visible contraction, and a superficial fibre was 
impaled with two microelectrodes about 150 um apart, 
for voltage recording and dye injection. Arsenazo III was 
injected by ionophoresis. The dye pipette also served to 
initiate action potentials by passing ,I-ms depolarising 
region the eben Oe periments, to voltage-clamp 
of 80um diameter b t Pe oak bio ee el 
transmitted through a grt nea US and..** 
photomultipliers Calci : d eee evened & 
of arsenazo mt were GSR AS rg changes in, “a 
recorded by subtracting é i 
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Fig. 1 Changes in birefringence and light absorption of arsenazo III following action potentials. Traces are signal averages of 32, 16 and 24 
sweeps ina, b and c, respectively. In all panels, the bottom trace is the membrane potential; birefringence changes are shown in the upper 


trace in a and in the middle traces in b and c. Changes in sarcoplasmic Ca‘ 
Both optical records were low-pass filtered with a time constant of | ms, and are expressed as the change in light 


top traces in / and i 


concentration detected with arsenazo III are shown in the 


transmitted through the fibre, divided by the resting transmission. Fractional changes in light transmission; 10~* for the arsenazo III trace, 


and 2.5. 10 


the measurements of transmitted light at wavelengths of 


532 and 602 nm, obtained by using two photomultipliers 


and interference filters Birefringence changes were 


recorded with the third photomultiplier and two crossed 





po arisers, once placed in front of the light source and 
the other in front of the photomultiplier. The plane of 
polarisation was at 45° to the longitudinal axis of the 
muscle fibres 

Preliminary experiments indicated that intracellular in- 
jection of arsenazo III did not affect the time course of the 
birefringence signals recorded following action potentials 
The birefringence records show two components; an early 
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for the birefringence. An upward deflection in both optical traces indicates a decrease in light intensity. Temperature: 
a and b, 10 


iim: G 


transient decrease in light intensity, followed by a signal 
with a similar time course to the movement artefact detected 
when one polariser was removed. This late component could 
appear as either an increase or a decrease in light intensity, 
depending critically on the positioning of the light spot. In 
a few fibres, the applied stretch sufficiently reduced the late 
signal to allow the early signal to be recorded with minimal 
distortion (Fig. la) but generally the early signal was 
obscured after its peak (Fig. 1b and c). At 10°C the early 
signal takes off within 2ms of the foot of the action 
potential, and reaches a peak within 6ms. The onset of the 
birefringence signal coincides with the onset of the calcium 
response as detected by the arsenazo III, and the latencies 
of both are affected to the same extent by changes in 
temperature (Fig. 1b and c). 

Intracellular injection of EGTA provides a means of 
exploring the relationship between the events underlying 
these optical changes, since it reduces the increase in sar- 
coplasmic Ca** by binding the Ca** ions released by the SR 
(ref. 14). A micropipette containing 0.2 M EGTA (buf- 
fered to pH 7 with KOH) was inserted with its tip in the 
centre of the measuring light spot. A depolarising backing 
current (10 nA) was applied to the pipette while the control 
records were taken. To minimise movement artefacts re- 
sulting from contraction of distant regions of the fibre, 
action potentials were blocked with tetrodotoxin (10™ e 
ml-'); tetraethylammonium bromide (30 mM) was added to 
the medium and the membrane was voltage-clamped in 
[he fibre was stimulated by giving 5- or 
EGTA was injected by 


the recording area 
lO-ms depolarising pulses and 





Fig. 2 Effect of EGTA on the birefringence signals and Ca** 
transients. The fibres were stimulated with 10-ms depolarising 
pulses in a and 5-ms pulses in b; tetrodotoxin (10 g ml!) 
and tetraethylammonium (30 mM) were present in the medium. 
a and b are records from two different fibres. a, Bottom trace 
Is membrane potential, middle trace is arsenazo III responses 
and top trace shows birefringence changes. al shows control 
responses (three superposed sweeps): a2 and a3 show the 
blockade of the optical signals following injection of EGTA 
for 8 min with an average current of 50 nA.-Resting potential: 
SSmvV. 4, Changes in dye absorption (upper trace in bl-b3) 
and in birefringence (lower trace in 41-43) induced by depolar- 
ising pulses (shown in b4). Records are averages of 48 sweeps. 


p 


EGTA was applied for 2 min at 40 nA between /l and %2. 
and for 2 min at 60 nA between /2 and 63. Upper calibration 
bars apply to fibre a: horizontal, 10 ms; vertical. 20 mV, 
2~ 10 (arsenazo III response) and 4= 10~" (birefringence 
changes). Lower calibration bars refer to fibre b: h@rizontal, 
Sms; vertical, 20 mV, 4x107" (arsenazo III) and 2x10 
(birefringence). Temperature: a, 7 C; b, 6 C. 
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Fig. 3 Birefringence response to action potentials. a, Single 

sweeps showing four runs at stimulus intervals of 250, 65, 55 and 

35 ms: vertical bars under the birefringence traces indicate the 

peak time of the action potentials; temperature, 4 C. b, Rela- 

tive size of the birefringence signal elicited by the second pulse 

as a function of stimulus interval. Data from three diflerent 
fibres; temperature, 4 C. 


applying a small hyperpolarising current through the micro- 
electrode. The results are shown in Fig. 2. Blockade of the 
rise in free sarcoplasmic Ca’™* was accompanied by inhibi- 
tion of both the early and the late birefringence signals 
(Fig. 2a); the intensity of the block could be graded by 
progressive increase in the amount of EGTA injected (Fig. 
2h). In one fibre, a partial recovery of the birefringence 
and calcium signals was observed when recording was con- 
tinued for about 30min after injection. The most direct 
interpretation of these results is that the birefringence 
signals were abolished as a consequence of the reduction 
in size of the Ca?* transient due to Ca** binding to the 
EGTA (ref. 14). but the possibility cannot be entirely ruled 
out that the EGTA additionally interfered in some way 
with the Ca’** release mechanism. 

Experiments with paired stimuli provide further evidence 
against the early birefringence signal being associated with 
the calcium release mechanism. When the interval between 
the two stimuli was less than 40 ms (at 4°C), no early 
birefringence’ change was detected following the second 
his (Fig. 3a). The curve relating the size of the second 
response to the stimulus interval (Fig. 3b) shows a steep 
slope begween 50 and 90 ms, with recovery to 50% of the 
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control value in about 60 ms. In contrast, Ca** transients 
measured with arsenazo II] summate almost linearly with 
stimulus intervals as close as 20 ms (R. Miledi, I.P. and 
G. Schalow, unpublished data). 

Che abolition of the birefringence signals by intracellular 
injection of EGTA strongly suggests that the early signal 1s 
not associated with the Ca** release process by the SR, but 
is instead secondary to the increase in free sarcoplasmic Ca*’ 
concentration. This view is supported by the coincidence 
in time courses of the Ca** transient and the early bire- 
fringence signal, and by the experiment with the p@ired 
stimuli, The simplest interpretation of the paired stimulus 
experiment is that the early birefringence signal arises from 
a process which is fully saturated by the rise in sarcoplasmic 
Ca** concentration resulting from a single action potential. 
A possible mechanism for this early birefringence signal is a 
conformational change in the thin filament caused by the 
Ca** binding to troponin’. Latency relaxation 
and elongation have recently been attributed to a 
lengthening of the thin filament resulting from Ca** bind- 
ing, and the time course of these phenomena parallels that 
of the early optical changes'”’. 

This work was supported by grants from the MRC. 
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of the manuscript. 

G. SUAREZ-KuRTz* 
I. PARKER 
Department of Biophysics, 
University College London, 
Gower Street, London WC], UK 


Received 18 August; accepted 28 October 1977 


*Present address: Laboratory of Neuroohysiology, College of Physicians and 
Surgeons, Columbia University, New York 10032 


_ Hill, D. K. J. Physiol.. Lond. 108, 292-302 (1949) 

Eberstein. A. & Rosenfalck, A. Acta physiol. scand. 57, 144-166 (1963), 
Barry, W. H. & Carnay, L. D. Am. J. Physiol. 217, 1425-1430 (1969) 
Carnay, L. D. & Barry, W., H. Science 165, 608-609 (1969), 

`” Bezanilla. F. & Horowicz, P. J. Physiol.. Lond. 246, 709-735 (1975). 

. Baylor, S. M. & Oetliker, H. Nature 253. 97-101 (1975). 

_ Oetliker. H., Baylor, S. M. & Chandler, W. K. Nature 257, 693-696 (1975) 
. Baylor, S. M. & Octliker, H. J. Physiol., Lond. 264, 141-162 (1977). 

. Baylor, S. M. & Oetliker, H. J. Physiol.. Lond. 264, 163-198 (1977) 

. Baylor, S. M. & Oetliker, H. J. Phy siol.. Lond. 264, 199-213 (1977). 
Kovacs, L. & Schneider, M. F. Nature 265, 556-560 ( 1977). 

_ Miledi. R.. Parker, I. & Schalow, G. Proc. R. Soc. Lond B 198, 201 - 210 (1977). 
Miledi. R.. Parker. |. & Schalow, G. J. Physiol., Lond 269, 11-13P (1977) 
Ashley. C. C. Am. Zool. 7, 647-659 (1967) 


Hh SOK ASS 


a 


Calcium requirement for axoplasmic 
transport in mammalian nerve 


To account for fast axoplasmic transport, the movement 
of materials in nerve fibres, a model has been advanced in 
analogy to the sliding filament mechanism of muscle con- 
traction’. We have shown in in vitro studies that transport 
is closely dependent on oxidative metabolism and a con- 
tinual supply of ATP which could be hydrolysed by the 
Me’*—Ca’* ATPase present in nerve’. One might, therefore, 
expect a dependence of transport on either Ca** or Mg’. 
But, in previous studies of axoplasmic transport in vitro, 
we and others found transport to continue as usual when 
nerves were placed in incubation media free of divalent 
cations’. Some support for the involvement of Ca** in 
transport was provided by the fact that a block of transport 
was found with 50mM oxalate, presumably by a binding 
of intracellular Ca** (ref. 1) and the block of organelle 
movement observed in single fibres exposed to 10mM 
EDTA’. We report here that clear evidence for a partici- 
pation of Ca** in axoplasmic transport was revealed when 
a desheathed nerve preparation was used. 

The perineurial sheath acts as an effective permeability 
barrier in nerve’’*, retaining ions including Ca’* within the 
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endoneurial space. This could account for the apparent in- 
sensitivity of transport in vitro to a deficiency of Ca** in the 
medium when intact nerves are used. To examine the effect 
of Ca** on transport in vitro, it was essential that a long 
length of nerve be desheathed so as to allow the effects 
of a given concentration of Ca’* or its absence from the 
medium to be assessed over incubation periods lasting at 
least 4h. The desheathed nerve preparation used was the 
peroneal branch of the cat sciatic nerve from which a suf- 
ficiently long length of perineurial sheath can be readily 
removed. 

In accord with our usual procedure, the L7 dorsal root 
ganglia were injected with 20 aCi of *H-leucine which is 
rapidly taken up by the cell bodies and incorporated into 
proteins and polypeptides’, Two hours were allowed for 
proteins and polypeptides containing incorporated *H-leucine 
to move down the fibres of the tibial and peroneal nerve 
branches. The sciatic nerves were removed and the peroneal 
branches desheathed over a distance from 35 mm to 130mm 
from the L7 dorsal root ganglia. The sciatic nerves with 
their desheathed peroneal and sheathed tibial branches 
attached were then put into flasks containing 20 mi of the 
desired solution and incubated for 3-Sh at 38 °C while 
vigorously oxygenated with 95% O2.+5°% COs. The outflow 
patterns in both the peroneal and tibial branches were then 
separately determined by cutting each in equal 5mm 
portions and assessing their content of labelled activity". 

With Ringer solution as the in vitro medium, or with 
isotonic NaCl or isotonic sucrose solution to which 5 mM 
Ca’* was added, the outflow in both the desheathed peroneal 
and tibial nerves was similar (Fig. 1). The rate of transport 
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Fig. 1 Transport in medium containing 5 mM CaCl,. Outflow in 
the desheathed peroneal branch (©) and the sheathed tibial 
branch (@) is shown. After 2 h of downflow in vivo, the peroneal 
nerve was desheathed and the nerve placed in an in vitro medium 
of SmM CaCl, and 140mM NaCl for an additional 4h. The 
points represent labelled materials present in 5 mm segments cut 
from the dorsal root, L7 ganglion (G) and nerve. Distal to 
30 mm from the ganglion, each branch is cut individually and 
thus outflow in the tibial (T) and peroneal (P) branches can be 
shown separately. Arrow | indicates the upper end of the 
desheathed region and arrow 2, the front of the crests of trans- 
ported material expected in both nerves. The crests seem to have 
the same height in this example. It should be noted that the 
logarithmic scale sesves to diminish amplitude differences in the 
two branches. In general, a greater amount of labelled activity 
was usually found transported in the tibial branch since it is the 
larger of the two. A small degree of damming of activity is seen 
above the upper site where desheathing was initiated (arrow 1). 
Activity in counts per minute (c.p.m.) is given on the ordinate 
on a logarithmic scale. The position of sections is shown in mm 
from zero taken at the peak of activity in the ganglion. 
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Fig. 2 Transport in Ca-free medium. Outflow in a sciatic nerve 
in vitro and its desheathed peroneal branch (©) and sheathed 
tibial branch (@) is shown following injection of the L7 ganglion 
with *H-leucine. Downflow for 2h was allowed in the animal 
before the sciatic nerve was removed, the peroneal branch 
desheathed and the nerve placed in an in vitro medium containing 
Ca-free isotonic NaCl. Above arrow |, approximately where the 
peroneal nerve is desheathed, a peak of dammed activity is seen. 
This is followed by a steep descent to baseline at about 85 mm. 
Conversely, the tibial nerve shows a typical axoplasmic transport 
outflow. Arrow 2 marks the expected distance. 


in both sheathed and desheathed branches determined in 
25 experiments was close to 410 mm d™, the rate previously 
found to be characteristic of fast axoplasmic transport’. A 
somewhat more sloping crest was seen at the advancing 
fronts in the desheathed nerves at lower Ca** concentrations 
of 1.5 to 3mM. The addition of 4mM K* to the medium 
with 1.5 Ca’* gives a downflow closer to the usual pattern, 
indicating some participation of K* in maintaining transport 
at these Ca’** concentrations. 


With desheathed nerves placed in a Ca-free media, axo- 


plasmic transport was blocked in the desheathed peroneal 
nerve (Fig. 2). The outflow of activity shows some damming 
at the upper end of the desheathed region followed by a 
gradual drop in the front of advancing activity until it 
meets the baseline level at which time a complete block of 
transport ensues. Subtracting the time of 2h during which 
downflow took place in the animal, the block within the 
desheathed portion of the nerve was found to develop in 
2.6h of exposure to the Ca-free media (a, Table 1). A 
similar block was found when 4mM EGTA was added to a 
Ca-free solution (6, Table 1) and to a Ringer solution in line 
with Ca** being the key factor. Little effect of variation of 
buffer and over pH 6.0-7.5 was found. 


Transport was not maintained with Mg** in the incuba- 


tion medium instead of Ca’** (c, Table 1), indicating that 
Ca’* is specifically required for the maintenance of axoplas- 
mic transport. But, there was a small but significant pro- 
longation of the time to block with Mg’* present over the 
Ca-free medium which could indicate a partial effect of 
Mg’*. 


While axoplasmic transport was blocked in the desheathed 


nerve in the Ca-free medium, a normal appearing outflow 
was present in the sheathed tibial branch (Fig. 2). This is 
consistent with a large number of our previous observations 
showing an apparent lack of effect of Ca™ depletion on 
axoplasmic transport in sheathed sciatic nerves in vitro and 
supports the view that Ca** is retained within the intact 
perineurial sheath. 


td 
We consider that the removal of Ca** from the, medium 


lowers the level of free Ca** normally present in the fibres 
of desheathed nerves below that required for transport. The 
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level of free Ca” in the axoplasm of mammalian nerve 
fibres is not, however, known. If it is similar to that present 
in other cells, particularly the axoplasm of cephalopod giant 
axons, we would expect its concentration to be approxi- 
mately 107 M (refs 11, 12). This low level of Ca’* is con- 
sidered to be maintained by several mechanisms in the face 
of a constant influx of Ca**. These include a Na*-Ca’* 
exchange carrier in the membrane’? which may possibly 
be dependent on ATP (refs 14, 15), a sequestration of Ca** 
within the mitochondrion’’'" and likely as well in the endo- 
plasmic reticulum’. To this list we may add the possibility 
of a Ca-binding protein (CaBP) recently found in cat sciatic 
nerve”. 

An involvement of mitochondria in the block of trans- 
port found in nerves placed in Ca-free media was indicated 
by a reduction in ATP and creatine phosphate levels. In 
nine nerves, the combined levels of ATP and creatine 
phosphate (~P) showed a decrease of approximately 22%, 
from control levels of 1.10+0.30uM per g weight in a 
Ca-medium to 0.86 +0.18 « mol g` in a Ca-free media which 
took place after 3h. This degree of reduced ~P is not, 
however, likely in itself to account for the block of axo- 
plasmic transport. In six desheathed nerves exposed to a 
Ca-free medium, we saw action potentials still remaining 
2h after a block of axoplasmic transport. This shows that 
the ~P remaining was sufficient to supply the Na-pump 
required to maintain excitability and presumably there 
should be an adequate supply for the transport mechanism 
as well. A block of axoplasmic transport and action poten- 
tials was found to occur only when ~P levels were reduced 
by 50'% (ref. 20). 


Table 1 Block time of axoplasmic transport on desheathed nerves in 
Ca?*-free media 


Condition n 


“Block time (h) - 
a Ca?*-free 24 2.6 -+-0.79 
b EGTA + Ca?*-free 11 3.0 +.0.36 
C 5 mM Meg?* 15 3.5 -0.48 


The time to block is expressed in hours calculated from the 
following equation: (D, — D,) mm/!7.4 mm h™?, where D, = total 
distance the labelled materials moved down in " the sheathed and 
desheathed part of the peroneal branch; D, = distance moved in the 
sheathed part of the peroneal branch. All media containing NaCl or 
sucrose so that the isotonicity was adjusted to approximately 
300 mOsm. 10 mM NaHCO, was added as buffer(pH 6.7). 2, No. of 
experiments; P » significance. The significant levels were analysed 
by r-test. P values for groups a, c <0.001, for b, c <0.01, and for 
a, b >0.2. Values are mean +. s.d. 


Transport in the desheathed nerve also showed a pro- 
gressive failure of transport with higher than normal levels 
of Ca’* present in the incubation medium. This was seen 
to occur in the range of 25-100 mM Ca’*. At the highest 
levels of Ca** (95-100 mM) transport was blocked in a little 
less than 2h of incubation. The actual amount of Ca’* 
entering the fibres and the resulting concentration change 
in the axoplasm is unknown. These findings suggest, how- 
ever, that Ca’* must be regulated within some limited 
range for normal transport. 

An excess of Ca’** entering the fibres could cause a block 
of transport by interfering with ATP production’ or its 
utilisation by the Mg’*’-Ca** ATPase. In addition, at the 
higher levels of -Ca**, preliminary electron microscopic 
studies have shown a marked depletion of microtubules in 
the fibres”, which-may be related to the disassembly of 
isolated microtubules by Ca’* (S.O., S-Y.C., R. Jersild and 
V. McAdoo, unpublished and ref. 21). On the basis of the 
transport filament hypothesis a block of ATP production 
or itf utilisation, and at higher Ca’* levels the disasssembly 
of microtubules, would all be possible causes for the block 
of axoplasmic transport observed. 
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Ionic radius selectivity 
of skeletal muscle membranes 





THERE have been several reports’? that the trivalent 
lanthanide cations bind to sites on membranes that are 
normally occupied by Ca’*. In skeletal muscle, Ca** is 
important for the functions of both the outer sarcolemma’ 
and the internal sarcoplasmic reticulum’'*. Here I report 
the inhibitory effects of 13 lanthanide ions on these Ca’*- 
mediated functions. The relationship between ionic radius 
and the degree of inhibition is different in these two mem- 
branes. There are features of the data which are difficult to 
explain by assuming that charge density alone determines 
cation recognition at the membrane surface. But it would 
also be too simplistic to suggest that the lanthanide ions 
are selected only on the basis of ionic radius. 

One of the main functions of the sarcolemma is the pro- 
pagation of the action potential over the surface of the 
muscle fibre, causing it to contract. It has been reported 
that the maintenance of the action potential depends on 
membrane-bound Ca’** and that this Ca’* is specifically 
displaced by lanthanum ions‘. Lanthanide ions have been 
shown’ to exert a strong inhibition on the twitch response 
of small bundles (3—5 fibres) of toad semitendinosus fibres, 
The site of action of these ions seems to be the sarcolemma 
because they have been localised there and because removal 
of the sarcolemma by glycerination substantially raises the 
threshold concentration needed to inhibit contraction’. 

Inhibition of the twitch response is most conveniently 
expressed as the concentration of lanthanide ion required 
to produce 50% inhibition of the twitch tension. Figure 1 
shows that most of the lanthanide ions have about the same 
effect on twitch tension except for three, Tm**, Er** and to 
a lesser extent Ho**, which are required in significantly 
higher concentrations in order to effect a 50% reduction in 
the contractile response. These ions have ionic radii of 99, 
100 and 102pm respectively and therefore correspond 
exactly with the published? radius of Ca’* (100 pm). These 
data could be interpreted to mean that the skeletal muscle 
sarcolemma possesses an extremely acute ability to detect, 
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within a few pm, the ionic radii of multivalent cations 
such as the trivalent lanthanide ions. 

The acute sensitivity of the sarcolemma to ionic radii of 
the lanthanide ions raises the question of whether this 
property is shared with other muscle membranes. Skeletal 
muscle sarcoplasmic reticulum is primarily concerned with 
the release of Ca** during activation of the fibre and with 
the subsequent recovery of Ca** associated with relaxation. 
in vivo it exists as a complex of flat fenestrated sheets and 
sacs surrounding the myofibrils. It can, however, be isolated 
in th® form of vesicles which have been well characterised’ 
The membranes of these vesicles are structurally specialised 
and can transport Ca** against concentration gradients of 
up to 10,000 by the hydrolysis of Mg-ATP (ref. 6). Recent 
results’ have shown that (1) lanthanide ions such as Gd"* 
cannot penetrate the vesicles provided that their membranes 
arc not damaged; (2) Gd** inhibits the Ca’*-stimulated 
Mg**-dependent ATPase activity associated with Ca?* 
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Fig. 1 Relationship between ionic radius of the lanthanide 


ions (assuming a coordination number of 8 (ref, 11) and the 
functions of two different membrane systems from vertebrate 
skeletal muscle. The upper curve represents the inhibition of 
Ca**-stimulated Mg-ATPase activity of isolated rabbit sarco- 
plasmic reticulum vesicles, expressed as the concentration of 
added lanthanide ion required to inhibit this activity by 50°. 
This concentration dependence (0.5 x 107*5,0» 107? M lan- 
thanide ion) was determined at least twice for each of the 13 


lanthanide ions (©) and the solid line joins their means (@). 


required to inhibit twitch tension by 50°. This concentration 
dependence (0.2 x 104-10 < 10-4 M lanthanide ion) was deter- 
mined at least twice for each of the ions (71) and their means 
(W) have been joined by the solid line. Experimental conditions 
were: 3-5 toad semitendinosus fibres supramaximally stimulated 
in NaCl, 115 mM; KCI, 2.5 mM; CaCl, 1.8 mM; HEPES, 
5 mM; pH 7.0 at 25 °C (for further details see ref. 7). The bind- 
ing of the lanthanide ions to either the sarcolemma or the sarco- 
plasmic reticulum was found to be completely reversible. 
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uptake; and (3) the concentration dependence of this in- 
hibition is less sharp than that observed in the sarcolemma 
experiments’. Therefore a series of experiments analogous 
to those described with the sarcolemma was undertaken. 
The data (Fig. 1) are a contrast to the sarcolemma experi- 
ments. There is no abrupt effect near the radius of Ca”. 
Instead, there is a roughly linear relationship between ionic 
radius and inhibition of sarcoplasmic reticulum Mg-ATPase 
activity. 

Now that there are data on the ionic radius dependence 
of lanthanide ion inhibition of the sarcoplasmic reticulum, 
they can be compared with those from the sarcolemma 
experiments’. Clearly the two membranes behave quite dif- 
ferently in the presence of the lanthanide ions. The sar- 
colemma exhibits a sharp break at the ionic radius of Ca“ 
which is absent from the sarcoplasmic reticulum data. The 
ionic milieu inside the muscle fibre is essentially constant, 
having high concentrations of Mg** and K* and low Ca’** 
and Nat. Only during activation is it necessary for the outer 
surface of the sarcoplasmic reticulum membrane to dis- 
tinguish between Ca** (100 pm) and Mg** (49 pm). The 
outer surface of the sarcolemma is, however, confronted 
with high concentrations of Mg**, Ca’* and Na* and low 
K*, and there may be other cations present im the fluid 
around the muscle cells which will complicate the need for 
ionic selectivity. Perhaps it is not surprising that the sar- 
colemma has a more acute ability to recognise cations the 
size of Ca** and that the sarcoplasmic reticulum exhibits 
only a broad selectivity with respect to ionic radius. 

What information do these data yield about the 
mechanism by which sites on muscle membranes recognise 
cations like Ca**? The lanthanide ions in some respects 
resemble Cat, for not only do their ionic radii overlap, but 
both exhibit purely tonic interactions under biological con- 
ditions'’. It is tempting to conclude that these membranes 
select multivalent cations on the basis of ionic radius as 
the data (particularly the sarcolemma experiments) suggest. 
But all the lanthanide ions inhibit the Ca**-mediated func- 
tions in these membranes and so it seems that these mem- 
branes can distinguish between Ca** and those lanthanide 
ions with nearly similar ionic radii. Moreover, although the 
term “ionic radius” is valuable as a generalised property of 
ions, it is perhaps misleading if interpreted too precisely, 
for in reality there is no radius, but rather a set of 
dimensions which can vary depending on the ligand’. On 
the other hand, charge density’ also seems unlikely to be 
the criterion for selecting ions like Ca’’, since the larger 
lanthanide ions have approximately the same charge density 
as Ca** but are not apparently distinctive in their effects on 
the sarcolemma membrane, If neither ionic radius nor 
charge density alone can account for these data then 
perhaps some other explanation should be sought. 
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Control of interaction of 
spectrin and actin by phosphorylation 


SPECTRIN is a high molecular weight protein located on the 
cytoplasmic surface of the mammalian erythrocyte mem- 
brane, from which it may be readily liberated by extraction 
with solutions of low ionic strength. It is thought to be a 
major structural element of the cell and to play a critical 
part in maintaining its discoid shape and characteristic visco- 
elastic properties. Birchmeier and Singer’ have shown that 
changes in the shape of red cell ghosts are associated with 
the phosphorylation of a single serine residue on one of the 
two spectrin subunits, and have suggested that this might 
provide a basis for the well-known control of red cell shape 
by ATP*. The erythrocyte membrane also contains actin, 
which is present in approximately equimolar proportions to 
the spectrin dimer (molecular weight 500,000 (ref. 3)). We 
have shown previously’ that there is a specific interaction 
between these two proteins, which reveals itself in the 
ability of spectrin to provoke the polymerisation of muscle 
actin in vitro. We show here that this effect depends on 
the phosphorylation of spectrin. Furthermore, in an undis- 
persed mixture of spectrin and its cognate actin such phos- 
phorylation causes the formation of a gel. The striking 
parallel between these results and the previously demon- 
strated effects of phosphorylation in situ suggests that the 
shape of the cell is controlled primarily by the actin—spectrin 
complex. 

At least two kinase activities have been recognised in 
human erythrocyte membranes’’®. Since the phosphorylation 
of spectrin in the intact cell does not require cyclic AMP, 
we isolated the cyclic AMP-independent kinase, following 
the method of Hosey and Tao‘, and tested its ability to 
phosphorylate spectrin in solution. Ghosts were prepared 
from human erythrocytes, not more than 1-d-old, by the 
procedure of Hanahan er al.*. Spectrin was extracted from 
water-washed ghosts either by agitation for 1h at 37 °C or 
by a 24-h dialysis in the cold, and purified by gel filtration’. 
In the presence of y-labelled ““P-ATP and kinase, about 
0.45 g atom of phosphorus per mol of spectrin was incor- 
porated (Fig. la). Autoradiography of this material after 
separation on sodium dodecyl sulphate (SDS)-acrylamide 
gels confirms that the phosphate is located exclusively on 
the small subunit (Fig. 1b) as in endogenously phosphory- 
lated spectrin”. 

The effect of this phosphorylation on the spectrin-induced 
polymerisation of actin is dramatic (Fig. 2). A very rapid 
rise in viscosity is observed in conditions in which actin 
itself remains monomeric. The increase occurs without a 
detectable lag phase, and the reduced viscosity reaches a 
final level of 0.9-1.2 ml mg™ at an actin concentration of 
0.5-0.6 mg ml’, which is close to that achieved in the salt- 
induced polymerisation of actin alone. Phosphorylated 
spectrin containing about 0.45 g atom phosphorus per mol 
of protein produced a partial rise time 30 to 100 times that 
given by normally prepared spectrin. It was shown pre- 
viously that the increase in viscosity is accompanied by the 
appearance of bundles of thin filaments composed princi- 
pally of actin’, as well as some spectrin. We have now 
found that it is the phosphorylated form that is preferen- 
tially associated with the polymerised actin: thus in two 
experiments, thee specific activity of °“’P-labelled spectrin 
carried down with the actin on centrifugation was more 
than 50 times that remaining in the supernatant. 

Treatment of the spectrin with bacterial alkaline phos- 
phatase causes a loss of the phosphate group and almost 
entirely eliminates the capacity to induce actin polymerisa- 
tion® That this is not a consequence of damage by endo- 
genous proteolytic activity is shown by its reversibility : if 
kinase is added after the phosphatase, phosphorylation 
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occurs and polymerisation of actin ensues as before (Fig. 2). 
Relatively high concentrations of phosphatase are used in 
these experiments, spectrin being apparently a poor sub- 
strate for this bacterial enzyme. In the absence of phos- 
phatase, storage of purified spectrin in buffer caused no 
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Fig. 1 a, Phosphorylation of spectrin in solution by red cell mem- 
brane kinase. Crude spectrin extract was dephosphorylated with 
bacteria! alkaline phosphatase (compare Fig. 2), and purified 
by column chromatography on Sephadex G200°; 100 pl crude 
human erythrocyte membrane kinase’ in 20mM Tris, ImM 
dithiothreitol. pH 7.4, at 3 mg mi™ total protein concentration 
(estimated by colorimetric micro-Kjeldahl analysis’), was ad- 
ded to 0.6 mg dephosphorylated spectrin in 100mM_ sodium 
chloride, 10mM Tris, 5mM magnesium chloride, pH 7.4 at 4 °C. 
Phosphorylation was started by the addition of 1 pl y °*P-ATP 
of specific activity | mCi mi~? and the mixture incubated at 
37 °C; 50-ul aliquots were removed at intervals, spotted on to 
squares of Whatman No. | filter paper and air-dried. Labelled 
protein was fixed and excess radioactivity removed by washing 
in two changes of cold 5°% trichloroacetic acid (TCA) for 15 min 
each time, followed by boiling for 15 min and a further cold TCA 
wash. The paper squares were oven-dried at 60 °C and samples 
solubilised for counting by adding 0.5 ml Soluene (Packard) 
and incubating overnight at 20°C. Then 3 ml scintillation fluid 
containing 5.5 g Permablend (Packard) and mi acetic acid per 
| toluene were added and the samples counted in a Nuclear 
Chicago liquid scintillation counter. The data are corrected for 
background counts. 6, Autoradiograph of gel electrophoresis 
in SDS of membrane protein extract after phosphorylation 
(lower), and stained gel (upper), with densitometer traces. This 
shows that only spectrin has been sensibly phosphorylated, and 
that the *#P is incorporated exclusively in the smaller subunit. 
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Fig. 2 Effect of phosphorylation state of spectrin on polymeri- 
sation in actin-spectrin mixtures. Actin concentration, 0.6 mg ml-! 
throughout. a, Effect of phosphorylation with red cell membrane 
kinase on time course of polymerisation: spectrin as prepared 
untreated (@), after treatment with kinase (C), and after serial 
exposure to alkaline phosphatase, and kinase (Cl). The spectrin 
concentration in (a) is 0.04 mg ml~'!. b, Effect of dephosphory- 
lation with alkaline phosphatase on time course of polymerisa- 
tion: spectrin as prepared, untreated (@), and after treatment 
with phosphatase (W). Spectrin concentration in (b). 0.4 mg ml-t, 
The spectrin was prepared by extraction at 37 C for 1 h”, and 
purified by column chromatography on Sephadex G200*. The 
G-actin was prepared from rabbit skeletal muscle by the method 
of Spudich and Watt'*. The procedure for viscometry and the 
solvent conditions were as described previously'—Ostwald capil- 
lary viscometer with water flow time of 40 s. maintained at 30 C: 
solvent was 10mM sodium phosphate, 0.1mM calcium chloride. 
0.2mM ATP, 0.2mM dithiothreitol, pH 8.2. Kinase-catalysed 
phosphorylation of spectrin was allowed to proceed for 30 min 
in the presence of ImM ATP (see Fig. 1). Spectrin was de- 
phosphorylated by the addition of 0.25 mg bacterial alkaline 
phosphatase (Worthington) per mg spectrin in 10 mM Tris, 140 
mM potassium chloride, 20mM sodium chloride, pH 7.4, followed 
by incubation at 37 C for 2 h. After treatment with the enzymes 
the spectrin was dialysed in the cold into the buffer used for 
viscometry. Note the 10-fold difference in spectrin concentration 
between (a) and (b) to allow comparison of untreated with both 
: kinase and phosphatase-treated material, 


perceptible loss of phosphorus in periods of up to some 
days. Treatment of Jactin alone, with either enzyme, had 
no affect on its polymerisation properties. 

In our previous study’ we found that the ability to cause 
actin polymerisation was shown only by spectrin prepared 
from fresh red blood cells, and even then the response 
showed some variability. By contrast, the spectrin phos- 
phorylated as described above induced polymerisation in a 
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consistent and reproducible fashion. Indeed, inactive pre- 
parations of spectrin, such as those prepared from stored 
blood, have been reactivated by phosphorylation. It seems. 
therefore, that the previously observed variability was due 
to a failure to control the phosphorylation state of spectrin. 

We have attempted to establish whether the phosphory- 
lation-dependent interaction between spectrin and muscle 
actin has a counterpart in the erythrocyte. It is known that 
the bulk of the membrane protein and lipid components can 








“ore t he eiry Ljtue 


CENCE COLLEGE 
a Upps Civeuiat Acos 
ear Getta 





Fig. 3 Polyacrylamide gel electrophoresis, in the presence of 
sodium dodecyl sulphate (SDS), of cytoskeletal extract from hu- 
man erythrocyte membranes. Washed ghosts were prepared by 
the method of Dodge er a/.*, but with inclusion in the lysis buffer 
of 0.2 mM dithiothreitol, 0.2mM ATP calcium chloride: 5ml of 
the undiluted washed ghost pellet were added to 20 ml 1, Tri- 
ton X-100, containing 25 mM Tris, 0.2 mM ATP. 0.2 mM calcium 
chloride, pH 7.4, mixed gently and incubated at 37 C for 30 min 
to maximise extraction of lipid. The pellet obtained after cen- 
trifugation at 80,000g for 3 h was solubilised by heating at 100 C 
for 5 min in 0.125 M Tris, 1%, SDS, pH 6.8, and subjected to 
electrophoresis in an 8%, polyacrylamide gel using a discon- 
tinuous Tris-glycine buffer system containing 0.1% SDS". The 
gels were stained with 0.05°, Coomassie brilliant blue R in 
methanol-acetic acid—water (5 : | : 5 v/v), and de-stained in 10% 
acetic acid. 


be extracted from human erythrocyte ghosts with the non- 
ionic detergent Triton X-100 (ref. 10). Such extraction leads 
to what in the electron microscope appears as a fibrous 
network, retaining the outline of the shape of the ghosts”. 
When this residue is examined by SDS-acrylamide gel 
electrophoresis, the major components are found to be 
actin and spectrin (Fig. 3). Fhe Triton-extracted ghost 
residues may be dispersed by gentle homogenisation in 
buffer to give a mobile suspension with a total pøotein con- 
centration of 20mg ml’. When the kinase preparatios? is 
added to this suspension at 37°C, a stiff gel is rapidly 
formed (Fig. 4). This phenomenon not only depends on 
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Fig. 4 Plosphorylation-dependent gelation of cytoskeletal 
spectrin-actin residue. Pellets prepared from Triton X-100 extract 
of ghosts (see Fig. 3) containing 20 mg total protein (equivalent 
to 10 ml ghost suspension), as estimated by Folin-Ciocalteu 
analysis, were homogenised gently in 10 mM Tris, 150 mM 
potassium chloride, 5 mM magnesium chloride, | mM ATP, pH 
7.4, to give a total volume of | ml. The tubes contain this mix- 
ture; a, after addition of 3 mg crude red cell membrane kinase; 
b. untreated: c, after addition of | mg DNAase 1 (Sigma), fol- 

lowed by incubation at 37° for 30 min, and addition of 3 

mg kinase; d, as (c) but in the absence of kinase. All mixtures 

were then maintained at 37 °C for 30 min. The gelation observed 

in (a) occurred within $ min. 
phosphorylation by the kinase, but also requires the presence 
of the actin: this is demonstrated by the introduction of the 
specific actin-sequestering protein, deoxyribonuclease I''*”’. 
If this is added to a concentration about equimolar to that 
of actin, phosphorylation then fails to induce any formation 
of gel, or any other macroscopically observable effect (Fig. 
4). 

The formation öf the gel by the cytoskeletal extract 
suggests that phosphorylation leads to a cross-linked complex 
of spectrin hn@"actin: the inhibitory effect of deoxyribo- 
nuclease indicates that actin is directly implicated in the 
change of state, but does not prove that this involves a 
polymerisation, rather than an association between spectrin 
and actin monomers. It may be relevant in this context to 
note that muscle and erythrocyte actin are not identical, 
and may be distinguished by two-dimensional separation on 
a polyacrylamide gel”. 

The results described here extend our earlier inference of 
a specific functional relationship between spectrin and actin 
in the erythrocyte membrane’. Although spectrin has so far 
been identified only in the red blood cell’, gelation pheno- 
mena have been observed in systems from several other 
kinds of cells, involving actin and high molecular weight 
proteins (see ref. 15 for review). These are of great interest 
because they could reflect mechanisms by which actin 
polymerisation is controlled in the cell. The requirement 
for ATP by these gelation reactions may be an indication 
that, as in the system described here, phosphorylation of 
one of the protein components is mandatory. 

We thank Mr C. Woodfine and the staff of St Paul’s 
Hospital for supplying the blood used in this work. 
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Formation of branched DNA 
structures by Xenopus laevis oocyte extract 





WE have reported that a soluble cell-free extract from stage 6 
oocytes of Xenopus laevis can act on supercoiled SV40 DNA to 
produce molecules with a single-strand scission, linear mole- 
cules of full length, shorter fragments and various forms of 
complex DNA!'. The complex DNA consisted of various 
structures, such as figure-of-eight dimers, catenated dimers, 
circular dimers, catenated trimers, late Cairns’ structures, 
complex multimers and circular monomers with tails. The few 
late Cairns’ structures observed could have been due to rep- 
lication, but it is possible that they and the other forms of 
complex DNA resulted from recombination among SV40 DNA 
molecules. We thought that fractionation of the extract should 
produce fractions lacking some of the activities necessary to 
produce complex DNA, so that intermediate structures would 
accumulate. We now report that some fractions of the extract 
produce a high percentage of branched DNA structures from 
SV40 DNA, and we describe the requirements and charac- 
teristics of this reaction. We also discuss the possibility that 
branched DNA is an intermediate in the formation of complex 
DNA. 

The extract was fractionated and prepared as described in 
the legend to Fig. 1. The fractions eluting from the phos- 
phocellulose column at 0.2-0.25 M KCI produced nicked 
circles, linear molecules and branched DNA. The branched 
DNA was very varied in form (circular and linear), length, 
number and arrangement of branches (Fig. 1). The length of 
the molecules in the branched structures, in view of the length 
of the SV40 DNA, indicated that more than one molecule was 
involved. 





Table 1 Effect of temperature and time of incubation on the formation 
of branched structures 


Temperature Time % Branched structures No. molecules scored 
(°C) (min) 
30 60 3.6 1,110 
120 11.8 1,180 
37 60 8.9 1,120 





Supercoiled SV40 DNA at 14 pg mi~ was incubated with the 
phosphocellulose fraction in the conditions indicated in Fig. 1. 


There were often several branches in one structure; because 
of the high dilution used for the electron, microscopy prepara- 
tion, these multiple-branched forms cannot be due to random 
association. The structures formed without added deoxy- 
triphosphates, and it was highly unlikely that any endogenous 
deoxytriphosphates remained in the conditions used. Thus 
branched DNA structures were probably formed in the ab- 
sence of DNA synthesis. 
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The formation of branched structures was absolutely de- 
pendent on the presence of magnesium. In the absence of ATP, 
we observed extensive degradation of the DNA. We therefore 
conclude that degradation is inhibited in the presence of ATP, 
but we could not show that ATP was involved in the formation 
of branched structures. Addition of the four deoxytriphos- 
phates did not increase the proportion of branched structures, 
indicating further that DNA synthesis is not required, 

Table 1 shows the effect of temperature and time of incu- 
bation on the formation of branched structures. The percentage 
of branched structures after 60 min of incubation at 37 °C was 
at least twice the percentage of branched structures formed at 
30 C. The reaction was time dependent: four times as many 
branched structures formed after 120 min at 30°C as after 
60 min. The generation of multiply-branched structures showed 
the same time dependence as did that of molecules with a 
single branch. 

Because more than one molecule was involved in each 
branched structure the percentage of these forms should have 
increased with increasing DNA concentration. This was the 
case with concentrations up to 3 ug ml~™. At higher DNA 
concentrations the percentage of branched structures decreased, 


Suggesting that, because the reaction was presumably catalysed ` 


by many factors, some of these became limiting at increasing 
DNA concentrations. 

Supercoiled DNA was not required for the formation of 
branched structures (Table 2). We have observed that relaxed 
molecules, prepared by the action of Xenopus laevis DNA- 
relaxing enzyme’, are four times more efficient than the super- 
coiled form; both ‘nicked circles with a Single-strand scission 
and linear molecules react with approximately the same 
efficiency. We cannot explain the relatively low efficiency of 
supercoiled DNA. Table 2 shows a correlation among multiple 
branches in a single structure; when linear molecules were used 
as substrate, 20.5% of the 500 structures observed were 
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Fig. 1 Electron micrographs of branched structures produced by 
incubating supercoiled SV40 DNA with a phosphocellulose 
fraction. Supercoiled SV40 DNA was prepared as previously 
described’. To prepare the phosphocellulose fractions, 20 ml of 
collagenase-treated stage 6 oocytes (about 14,000 cells) were used. 
All operations were carried out at 0-4 C. The oocytes were 
homogenised in a Dounce homogeniser with 80 ml of TEMG 
buffer (50 mM Tris-HCl, pH 7.5, | mM EDTA, 1.4 mercapto- 
ethanol, 20% (w/v) glycerol. The homogenate was centrifuged 
for 15 min at 8,000g and the supernatant, after removal of the 
floating lipid layer, was centrifuged in a Beckman 50 Ti rotor 
at 40,000 r.p.m. for 60 min. The high-speed supernatant was 
brought to 60%, saturation with ammonium sulphate in the 
cold. The precipitate was collected by centrifugation, dissolved 
in 15-20 ml of TEMG buffer, and dialysed exhaustively against 
TEMG. The dialysate was centrifuged for 30 min at 30,000g to 
remove insoluble proteins and applied to a DEAE-cellulose 
column (Whatman DE-52) (3 x 20cm) equilibrated with TEMG 
buffer. The column was washed with 3 volumes of buffer and 
eluted with TEMG containing 0.2 M KCI. All the fractions 
containing proteins, as detected by absorbance at 280 nm, were 
pooled (50-60 ml) and applied to a phosphocellulose column 
(1 x 5 cm) equilibrated with TEMG buffer. The column was 
washed with 3 volumes of buffer and subsequently eluted with 
40 ml of a linear gradient of 0-1.0 M KCl in TEMG containing 
bovine serum albumin (0.5 mg ml-t). Fractions (1.5 ml) were 
collected, dialysed against TEMG buffer, divided in aliquots 
and stored at — 70 C. The dialysed fractions were assayed for the 
formation of branched structures in a reaction mixture con- 
taining in a volume of 50 ul, 50 mM Tris-HCl, pH7.5, 6 mM Mg 
Cla, 6 mM dithiothreitol, 0.1-0.5 ug of SV40 DNA and 25 ul 
of the phosphocellulose gradient fractions. After incubation 
for 60 min at 30°C, the reaction was stopped by addition of 
sodium dodecyl sulphate and EDTA to final concentrations of 
1% and 15 mM respectively. Distilled water (50 ul) was added 
to each reaction mixture and the DNA was extracted with 
phenol and ether and used directly for electron microscopy or 
after concentration by ethanol precipitation. Samples were 
prepared as previously described! (> 6,100). Arrows indicate 
branch points. 


branched. An independent origin of each branch would have 
led to (0.205)? =~ 500 = 21 multiply-branched structures 
instead of the 46 we observed. Similar considerations apply 
when other molecular forms were used as substrate. The large 
number of multiply-branched structures formed suggests that 
two or more branches were generated as part ofa single exchange 
event. Furthermore, multiple branches were often structurally 
very close together. 

When linear SV40 DNA was used as substrate, a considerable 
number of branched structures had an H-like configuration. 
Figure 2a, b, c and d shows H-like and Y-like structures. When 
linear DNA was used, degradation due to exonuclease(s) 
activity in the fraction did not always enable us to recover 
intact molecules; therefore we could not map the cross bar of 
the H-like structures relative to the extremities. 

The distribution of lengths of the regions between two 





Table 2 Summary of electron microscopic analysis of branched DNA 


structures 
Multiply-branched 

DNA Branched ——— x 100 No. molecules 

yA Branched scored 
Supercoiled 5.6 22.2 1,280 
Open circles 23.8 47.6 500 
Relaxed circles 20.6 46.1 500 
Linear* 20.5 45.2 r 500 





The various forms of SV40 DNA prepared as*previously described™* 
were incubated with the phosphocellulose fractions in the conditions 
indicated in Fig. | at 10 ug mi~! for 2 h at 30 C. Samples were 
prepared for electron microscopy as previously described. 

*Various size fragments were produced when lifeag mojgcules 
were used as substrate. The percentage of branched motecules was 
estimated taking into account only molecules equal to or larger than 
SV40 full length size. 
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branched points were measured. The lengths varied from an 
apparent 0 to 0.5 fractional length, with an average of 0.15. 
Because SV40 chromosome contains about 5.1 Kb pairs, the 
average length of the region between two branched points 
corresponds to 765 nucleotides. 

Models for the formation of branched DNA supported by 
evidence in the phage T4 and phage T7 experimental systems**', 
suggest that H-like and Y-like structures could be formed by a 
process involving an exonuclease which initiates hydrolysis 
from a nick produced by an endonuclease of the type which we 
have described’. An expanded single-strand region which paired 
with DNA homologous in that region, would yield H-like 
structures, This would occur if breaks are introduced on the 
opposite strands of two paired molecules. Gapped molecules 
were frequently observed in the electron micrographs of DNA 
incubated with the fractionated extract (Fig. 2e and f). Y-like 
structures could originate from the H-like structures through 
branch migration or from recombination of a terminal unpaired 
region with an internal site of a gapped molecule. 

Branched DNA structures could well be intermediates in the 
formation of complex DNA. A recombinant structure of two 
circular gapped molecules indistinguishable by electron 
microscopy from a late Cairns’ replicative intermediate, could 
generate the various forms of complex DNA (Fig. 3). 

H-like structures cannot give rise, by simple maturation of 
intermediates, to two reciprocal recombinants; our cell-free 
system is not faithfully mimicking meiotic recombination. 


Fig. 2 Electron micrographs of branched structures obtained by 
incubating a phosphocellulose fraction with linear SV40 DNA 
produced by EcoRI. Supercoiled SV40 DNA was digested with 
FcoRI in a reaction mixture containing 100 mM Tris-HCl, 
pH 7.4, 50 mM NaCl, 5 mM MgCl, for 2 h at 37°C. The 
reaction was stopped by addition of | % sodium dodecyl sulphate 
and 15 mM EDTA and the linear DNA was purified on a 
5-20% neutral sucrose gradient. The fractions corresponding 
to material sedimenting at 14.5S were pooled, precipitated with 
ethanol and stored at — 20 C. Sucrose gradients contained 0.1 M 
NaCl, 10 mM Tris-HCl, pH 7.5, 10 mM EDTA, pH 8.0. 
(x 6,100). a and b, H-type recombinants; c and d, Y-type 
recombinants; e and f, gapped molecules. Arrows indicate gaps. 
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Fig. 3 Schematic representation of DNA recombination 
involving two gapped circles as intermediates. Dimers, catenated 
dimers and circles with tail are shown as possible final products. 


In some systems recombination is brought about by a set of 
proteins operating in a complex°; if, however, some proteins are 
inactive or absent, structures which are not intermediates in the 
normal pathway could be formed. 

It is possible that a type of recombination occurs in Xenopus 
laevis oocytes that produces a single recombinant chromosome. 
A circle of amplified ribosomal DNA could recombine 
with chromosomal DNA, and, by branch migration, roll along 
the chromosomal sequences, forming heteroduplex regions. 
Such structures could be responsible for rectification of 
sequences by gene conversion‘, rectified chromosomal DNA 
being the final product. 

The in vivo roles of the enzymes which produce the recom- 
binant structures we have described remain unknown. But 
whatever the function of the enzymes, our system can produce 
heteroduplexes and can be used to investigate gene conversion 
in purified cell extracts. 

After our manuscript was submitted for publication Benbow 
and Krauss reported the formation of recombinant DNA ina 
cell-free system of Xenopus laevis eggs’. 
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Nucleotide sequence of the 
attachment site of coliphage lambda 


MANY bacteriophages and animal viruses. as well as DNA 
insertion elements and transposable antibiotic resistance factors, 
are capable of integrating their genomes into specific sites in the 
genome of their hosts, giving rise to a range of important 
biol@gical phenomena! >. This site-specific recombination re- 
action has been studied most extensively in bacteriophage « (ref. 
3). During the process of lysogenisation the circularised phage 
DNA molecule is integrated into the Escherichia colichromosome 
by reciprocal exchange between a specific site in the phage DNA 
molecule and a specific site in the £. coli chromosome between the 
gal and bio operons (Fig. 1). These sites are known as attachment 


sites (art). The reaction is catalysed by integrase, the product of 


the int gene’. Excision of the prophage by site-specific recom- 
bination between the prophage end attachment sites require the 
action of the product of the vis gene as well as that of the 
integrase”. In order to understand the mechanism of site-specific 
recombination it is necessary to study the DNA-protein in- 
teractions involved. Progress has recently been made in purific- 
ation and study of the integrase” '°. and in ritro recombination 
systems have been developed'':'°. We report here an important 
step in our comprehension of the reaction at the molecular level, 
the determination of the DNA sequence of the 4 attachment site. 

The middle of the attachment site was mapped within Hin/l 
fragment 2, the central Minfl fragment in the region between 
Hind cut 3}? and BamH | cut 314, (Fig. 2). by Schreier ef a/.' 5. 





b.b’ 
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Fig. 1 Integration and excision of bacteriophage 4. Light lines 
represent the phage and prophage chromosome. heavy lines the 
bacterial chromosome. Rectangles represent the attachment sites. 
Genetic and physical data? show that each attachment site is made 
up of nonhomologous ‘recognition elements’ bracketing a central 
crossover point or region. Thus the phage attachment site. ait P. is 
shown formally as pp. the bacterial ur? Bas b.b. Distances between 
markers are arbitrary. 


We have therefore determined the nucleotide sequence of Hin/l 
fragment 2 using the methods of Sanger and Coulson'® and 


of 


template the plus and minus method gave a sequence extending 
from 14 to 230 base pairs from Hinfl cut | to the right. and using 
Hinfl fragment 3 ona ż |-strand template we obtained a sequence 
extending from 300 to 210 base pairs from Hinfl cut | to the right. 


— meee | 


157 


The end sequences (base pairs 3-45 at the left end and 246-317 at 
the right end) were determined by separating the strands of 5’ end- 
labelled Hinfl fragment 2 and applying the method of Maxam and 
Gilbert! ”, Results obtained by the two methods agreed precisely. 
Figures 3 and 4 show plus and minus sequencing gels illustrating 
the central portion and the right half of art 4. The sequence that 
we have determined is shown in Fig. 5. This sequence differs from 
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= 260 base pairs ć  ć 
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Hind HH Mba H 
cut 3 . 
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L inf | ae ae Hinf 2 320 base pairs — P 
145 base Hinf l 


pairs cut] 45 base pairs 
Fig. 2 Physical map of the Hind IH cut 3-Bam HI cut 3 fragment 
contaiming the 4 attachment site. The sizes of Hinfl fragments | and 3 
are given in base pairs, and are based on the data of Schreier ef af.'> 
and on the position of the labelled fragments in plus-minus 
sequencing gels when excess primer was used. The size of Hinfl 
fragment 2 is that determined by sequence analysis and the Mhol 
cuts are placed accordingly. The solid vertical arrow above the Alul 
site marks the position of the crossover point or left end ofa common 
core (see text) as defined by the S, end of the S,-Bam HI fragment’ ê. 
The map positions of the Hind IH and BamHI cuts are taken from 
references [3 and 14. 


that determined independently by Landy and Ross?® only in 
having A in the |-strand in positions 134, 151 and 179, where they 
give T. 

We can locate the crossover site within the attachment sequence 
at 105+ 10 base pairs to the right of Hinf cut 1. Schreier er al 5 
used the fact that the junction of phage and bacterial DNA in 
hybrid prophage end attachment sites corresponds to the position 
of the crossover site. Transducing phages such as 4 pgals carry a 
prophage end azz, so that digestion of heteroduplex molecules 
between transducing phages and wildtype 4 with the single- 
strand-specific nuclease S, and a restriction endonuclease leaves a 
fragment with one end at the crossover site and the other at a 
known restriction site. The distance of the crossover site from the 
restriction site was determined by comparing the mobility of these 
fragments with the mobility of standard ®X 174 fragments in 
polyacrylamide gels. The size of the relevant S,;-BamH | fragment 
from 4/4 pga/y heteroduplex molecules is 260 base pairs both in 
the native and denatured state. Thus the crossover site maps 260 
base pairs left of BamHI cut 31°. These considerations apply to 
the simplest model of site-specific recombination, where the 
recombination event takes place at a single internucleotide 
position’". An alternative model of att structure??? proposes 
that recombination does not occur at a single site but by means of 
staggered nicks left and right of a small central region of 
homology common to phage and bacterial urr. In this case the left 
end of the common homologous region maps 260 base pairs left of 
BamHI cut 3 since the common homologous region would be 
included within the S, fragment. 

In Fig. 5 the position of the crossover site is given with respect 
to the nearest Hinfl cuts. which depends on measuring the size of 
the three Hinfl fragments shown in Fig. 2. Hinfl fragments | and 3 
are consistently 145 and 45 base pairs long respectively from their 
mobility as native and denatured fragments. The sequence data 
given here define the length of Hin/l fragment 2 as 320 base pairs. 
Therefore the crossover site is 260~45 = 215 base pairs left of 
Hinfl cut 2 (Fig. 2). and 320—215 = 105 base pairs to the right of 
Ainfl cut 1. The error of this determination is + 10 base pairs. 

The results of previous investigations™?™ 45 suggest that the 
attachment site consists of a central small crassover region 
flanked by ‘recognition regions’ that are not homolOgou® with 
one another. Our sequence data, and that of Landy and Ross?°, fit 
in with this. Landy and Ross’® find that the sequence irom base 
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Fig.3 Autoradiograph of a plus and minus sequencing gel showing 
the important central region of the sequence. The gel shows the plus 
and minus pattern from base pair 95 to 195 to the right of Hinfl cut 1, 

produced by priming with Hin/l fragment | on a å r-strand template. 

The source of DNA fragments was the col | based plasmid pMG 
1409 containing the 4 RIC DNA fragment, as described by Schreier 
et al.'5, Plasmid purification and restriction enzyme digestion have 
been described previously'*. BamHI was purified from Bacillus 
umyloliquefaviens as described by Wilson and Young”. Hind IH was 
purchased from Biolabs Inc. and Hinf1 was a gift of A. Waltz and V. 

Pirotta. Fragments were purified from preparative polyacrylamide 
gels by crushing the gel, extracting three times for 12 hin 20 mM Tris 
pH 7.5.0.1 mM EDTA, 0.1 M NaCl and precipitating with ethanol. 

Å single strands were prepared from 4 c1857 S7 phage preparations 
according to Hradeena and Szybalski'’. Annealing of template and 
primer, incorporation of labelled triphosphate ([x **PJGATP, New 
England Nuclear) and the plus and minus reactions were carried out 
according to Sanger and Coulson'® with minor modifications. T4 
polymerase was a gift of R. Kamen. To achieve reliable labelling of 
up to 250 bases incorporation was performed at 22 C using the 
DNA polymerase I Klenow fragment (Bochringer. Mannheim), and 
8", gels were used to analyse regions beyond 140 bases from the 
priming point. In the gel shown here each sample was further 
digested with Mboll as well as Hinfl after the plus and minus 
treatment in order to cut Hinfl fragment | into smaller pieces. 
Otherwise the primer runs at position 143-146 making this part of 
the gel uninterpretable. In this gel the minus system does not show 
the T in position 118, so that we have labelled the gel T (A). This base 
is, however, clearly represented in three other gels covering this 

region. 


pairs 108 to 124 in Fig. Sis also present in the bacterial attachment 
sequence. Thus our location of the end of the 8;-BamH 1 fragment 
corresponds well with the position of the left end of the common 
sequence. The sequences left and right of this region are com- 
pletely different from one another. 

The outer boundaries of att cannot as yet be defined. But, the 
sequences left and right of the crossover region although different 
in sequence are both regions of very high A + T content compared 
to the A DNA molegule as a whole*”. Regions of high A+T 
content are more susceptible to denaturation, particularly in 
supercoiled molecules*® which have been shown to be the 
preferred subsgrate for integrative recombination of 477°", It is 
thus pessilyle that these sequences have a physical role in site- 
specific recombination, by reducing the stability of the helix and 


facilitating local denaturation. This would explain the fact that a 
a 
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number of point mutations in aff have been found?**°, but all 
behave as if located in the central common region and none as if in 
the left or right recognition elements; single base changes would 
have little effect if the sequence were primarily important because 
ofits A +T content. If this were so, it seems reasonable to propose 
that the right recognition element P’ ends around base pair 200 in 
Fig. 5, since beyond base pair 200 the A+ T content drops to the 
average Å level. 

Since some inf amber mutants do not recombine with a deletion 
of the attachment site so small as not to be detectable in the 
electron microscope'’***, the C-terminal end of the Int pretein 
must be within 50 base pairs of the border of arr. In the right half 
of the sequence given here there is a long open phase ending witha 
double stop at base pairs 199-194, another double stop signal 
being in phase at base pairs 178-173. The other two phases have 
stop signals for translation considerably further away from att. 
Therefore the last codon in the jnt gene is probably at base pairs 
202-200. This corresponds precisely with the junction of a region 
of normal A+T content with the high A+T region around the 
crossover site. The resulting C-terminal protein sequence for 
integrase is given in Fig. 5. We are sequencing a C-terminal im 
amber mutant to test this interpretation. 
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Fig. 4 Autoradiograph of an 8% polyacrylamide gel showing the 

plus and minus pattern trom base pairs 165-220 and beyond after 

priming with Hinf fragment | on a / r-strand template, the 

experiment being performed as described in Fig. 3. The plus and 

minus method can be used to determine sequences of at least 200 
base pairs in length from a single start point. 


Other features of potential functional importance are shown in 
Fig. 5. There are three |2-base pair sequences (base pairs 39-50, 
74-85 and 188-177) very similar to RNA polymerase recognition 
sequences found in known 4 promoters. Two of them agree in 9 
out of 12 bases with Ape and three in 8 out of 12 bases with the 
general recognition sequence TGTTGACAATTT obtained by 
comparison of 15 promoters in 4, ®X 174, fd. T7. SV 40 and £. 
coli, Such recognition sequences are followed in promoter se- 
quences after 12-14 base pairs by a sequence resembling TATPu- 
ATG*'. Twelve bases after base pair 50 is the sequence 
TCTAATT. Transcription starting at either of the possible 
promoter sequences left of the crossover region might terminate 
at the MRNA termination sequence T,A (basg pairs 111-117) in, 
or just right of, the crossover region. Small MRNA molecules 
originating in this region have been detected in vitro (E. Rosen- 
vold and W. Szybalski, personal communication). In and around 
the crossover region occur sequences that are also found close to 
the integration site of the DNA insertion element ISI (N. 
Grindley, personal communication). The sequence from base pair 


=” 
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Bamana iienaa i a i Jaunannas naama oo 
10 20 — 30 40 ĵ 
SAXTCATAGTGACTGCATATGTTGTGTTTTACAGTATT TGTAGTCTGTTTITTTATGCAA 
TXAGTATCACTGACGTATACAACACAAAATGTCATAATIACATCAGACAANAAATACGTT 


———— E a. 


60 70 80 90 100 110 

AATCTAATTTAATATATTGATATTTAITATCATTTTACGTTTCTCGTTCAGCTTTTTTATA 
o 

TTAGATTAAATTATATAACTATAAATIATAGT AAAAT GCAAAGAGCAAGTCGAAAAAATAT 


e e—a | gece eee. 
Alul 





120 130 140 [50 160 170 
© TAAGTTGGCATT AAAAAAAAGCATT GCTTAACAATTT GTT GCAACGAACAGGTCACIT AA 


pepe alipi 


O 
GATTCAACCGTAATTTTTTTTCGTAACGAATTGTTAAACAACGTTGCTTGTCCAGTGATT 





ie SS ee a: es ce XXX XXX X ar areca | 
pta 
180 190 i 200 210 220 2 


30 
CAGTCAAAATAAAATCATTATTTGATTTCAATTTTGTCCCACTCCCTGCCTCTGTCATCA 


GTCAGTTTTATTTTAGTAATAAACTAAAGT TAAAACAGGGT GAGGGACGGAGACAGTAGT 





XX KX Mae ee ee e XXXXX 
Lys~ le~ Glu- Ile- Lys- Asp- Trp ~Glu- Arg- Gly - Arg- Asp — Asp ~ 
|—--e-—--_-4 
a ae + 
240 250 260 280 


270 290 
CGATACTGTGATGCCATGGTGTCCGACTTATGCCCGAGAAGATGTTGAGCAAACTTATCG 
GCTATGACACTACGGTACCACAGGCTGAATACGGGCTCTTCTACAACTCGTTTGAATAGC 


t 
Arg - Tyr ~ Gin ~- Ser ~ Ala - Met ~ Thr — Asp ~ Ser ~ Lys ~ His - Gly ~ Leu - Leu — His - Gin — Ala - Phe - Lys - Asp - 
Mboll -> 8 base pairs 


300 310 320 
CTTATCTGCTTCTCATAGAXT 3 | strand 


GAATAGACGAAGAGTATCTXA 5 r strand 
Ser ~ Ile - Gln ~ Lys ~ Glu - Tyr - 


Fig. 5 Nucleotide sequence of Hinfl fragment 2 including the attachment sequence. The sequence was determined largely by the plus and minus 
sequencing method and partially by the method of Maxam and Gilbert as described in the text. To apply the latter method the strands of 5’ end- 
labelled, denatured Hinfl fragment 2 were separated in a 6%, polyacrylamide gel, extracted and treated as described by Maxam and Gilbert? ”, The 
very last nucleotides at each end were not detected so that the positions of the ends of the fragment are estimated from the known behaviour of 
marker dyes in the gels used. The sequence of the region from base pair 45 to 210 relies on priming in one direction only, but data from at least two 
_ gels for all parts of this region were in good agreement, and the plus and minus systems both gave the same sequence. The only places in the sequence 
where an alternative interpretation is possible are positions 6 and 13 where C instead of T is possible in the |-strand in both cases. In the region 
between base pairs 205 and 215 the control graticules were very faint. and the length of the runs was determined by measurement. The position of the 
S; end of the 4/4 pgaly S;-Bam HI fragment is shown by a solid arrow, and defines the crossover point or the left end of the common core ( + 10 base 
pairs). Restriction sites in the sequence are indicated, and possible termination codons for the int gene are underlined. Sequences similar to 
recognition sites for RNA polymerase are in brackets. Palindromes are indicated by —@—., direct repeats by P-—q and inverted repeats by x x x x. 
Inverted repeats with three or fewer bases separating the two arms are classed as palindromes. (—~~© indicates sequences related to sequences 
found in the inverted repeat at the end of IS I (N. Grindley, personal communication). 


121 to 130 is identical to an ISI sequence, and the sequence from — Graduiertenstipendium des Landes Nordrhein-Westfalen to 
base pair 105 to 119 has some similarity to the same part of the ISI P.H.S. 

sequence in the other orientation. The functional significance of 

these sequences and of those related to promoter sequences 

remains to be shown. 


The DNA sequence presented here provides the basis for R. WAYNE DAVIES* 
further definition A important features of DNA sequences PH SCHREIER 
involved in site-specific recombination. ° 
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Plant viruses with 
circular single-stranded DNA 


SMALL quasi-isometric particles, mostly occurring in pairs, have 
been found in, and purified from extracts of plants infected by 
maize streak}, beet curly top’, tomato golden mosaic’, euphorbia 
mosaic’, bean golden (yellow) mosaic*~>, cassava latent? and 
cassava brown streak viruses*. Individual particles are 15-20 nm 
in diameter——unusually small for a virus-~-and in electron 
micrographs many of the individual particles in the pairs have 
a five-sided outline in which the contiguous sides seem longer 
than the others. The pairs of particles of maize streak and 
cassava latent viruses have sedimentation coefficients of about 
76S (refs 1 and 7) and preparations of each yield a single 
polypeptide species, estimated at about 28,000 and 34,000 
daltons respectively”. Their nucleic acid can be resolved into 
two components by electrophoresis’, and in maize streak virus 
it has been identified tentatively as RNA on the basis of sensi- 
tivity to ribonuclease’. We now report, however, that the nucleic 
acids of cassava latent and maize streak viruses consist of 
single-stranded, predominantly circular DNA of molecular 
weight less than 10°. 

Maize streak virus was purified as before! from maize plants 
infected by the leafhopper Cicadulina mbila. Cassava latent 
virus was purified from systemically infected leaves of Nicotiana 
clevelandii plants that were inoculated manually with sap. 
Some preparations were purified as before’, but in most purifica- 
tions formaldehyde was omitted from the buffer used to 
resuspend the sediments of the first high-speed centrifugation. 
Viruses were propagated and purified at Nairobi, and nucleic 
acid was extracted there for infectivity tests. Nucleic acid for 
analysis was extracted at Invergowrie and examined by electron 
microscopy at Glasgow. 

Electron microscopy showed that virus preparations con- 
tained many isometric particles of characteristic size, mostly in 
pairs. Maize streak virus particles seemed better preserved 
than those of cassava latent virus. When extracted"? and analysed 
on 2.2 °% polyacrylamide gels in our standard electrophoresis 
buffer (0.036 M Tris, 0.03 M NaH.PO,, 0.001 M EDTA, 
pH 7.8), the nucleic acid of each virus usually gave two well 
resolved peaks (Fig. 1), but sometimes a single peak with a 
shoulder was obtained, as found before with that buffer’. 
Thefe ws usually more of the slower migrating component. 
Peaks were unaffected when samples were treated with briefly 


boiled RNase A before electrophoresis but were absent after 
o 
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Fig. 1 Effects of enzyme treatments on virus nucleic acid species 
separated by electrophoresis on 2.2°, polyacrylamide gels. 
Nucleic acid (25-50 ug mi~!) was extracted using Pronase- 
sodium dodecyl sulphate” from cassava latent virus purified as 
described by Bock et al.’ (ae), cassava latent virus purified by the 
usual method (bd), and maize streak virus (J-A). Treatments, for 
30 min at 37 °C, were in 0.05 M Tris buffer, pH 7.5 (a-c and e-h) 
or in 0.01 M sodium acetate buffer, pH 5.0, containing 0.1 M 
sodium chloride (d). a, b, f, Buffer controls; c, h, DNase i (I pgm 
DN-EP, Sigma) 3 mM MegCl,; d, SI nuclease (500 U ml ~> 
Type HI, Sigma); e, g, RNase A (1 ug ml ™, bovine pancreatic, 
Type IA, Sigma, previously boiled for | min). After treatment, 
4 volumes of ethanol were added to each sample. After resuspend- 
ing the precipitates in standard electrophoresis buffer containing 
8 M urea, the samples were heated for 15 min at 60°C and 
electrophoresed for 3-3.5 h’’. The gels were washed for 16h in 
water and examined using an ultraviolet Scanner (Joyce Loebl). 


treatment with DNase I (Fig. 1). Moreover they were unaffected 
by treating cassava latent virus nucleic acid with alkali (0.3 M 
NaOH for 8h at 37 °C) before electrophoresis. The ability of 
cassava latent virus nucleic acid to infect N. clevelandii was 
destroyed by DNase but not RNase. Thus the nucleic acid of 
both viruses is DNA. The tentative identification of the nucleic 
acid of maize streak virus as RNA! can be attributed to the use 
of unboiled ribonuclease, presumably contaminated with 
DNase. 

When nucleic acid of cassava latent virus was exposed to 
nuclease SI before electrophoresis, neither of the characteristic 
nucleic acid species was found (Fig. 1), indicating that they 
are largely or entirely single-stranded. Resistance to the three 
nucleases was the same for nucleic acid from cassava latent 
virus purified with formaldehyde as when no formaldehyde 
was used. : 

Further evidence that cassava latent virus nucleic acid is not 
substantially double-stranded came from plots of ultraviolet 


Fig. 2 Effect of temperature on ultraviolet absorption of cassava 

latent virus nucleic acid. Sample in 1.5 mM sodium chloride, 

0.15 mM sodium citrate was heated at 0.5 C per min. Readings 
are corrected for sample expansion. 
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Fig. 3 Electron micrographs of 
nucleic acid molecules of maize 
streak (a, b and c), and cassava 
latent (d, e and f) viruses. The 
small circles in (a) and (d) are the 
plant virus nucleic acid molecules 
(short arrows), the middle-size 
circles are phage ®X 174 strain am3 
single-stranded DNA (long arrows) 
and the large circles are phage 
PM2 double-stranded DNA 
(double-tailed arrows). The bar 
represents | pm. Individual mole- 
cules of maize streak virus nucleic 
acid are illustrated at higher 
magnification in (b) and (c) and 
those of cassava latent virus nucleic 
acid in (e) and (f). The bar repre- 
sents 0.1 um. The nucleic acid was 
prepared for electron microscopy 
by the formamide modification of 
the protein film technique (ref. 
12) from 50°, (v/v) formamide, 


0.1M Tris-HCl, 0.01M EDTA CS335 39 SANSS j 
(pH 8.5) on to a hypophase of 20°, ` RAL ay E one <3 


a, 


(v/v) formamide, 0.01 M Tris- : eds. = 
N A ms 
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HCI, 0.001M EDTA (pH 8.7). ay 
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Micrographs were taken with a NA > 
Siemens 101 electron microscope a Sh, >) 
at 40 kV and a nominal magnifica- oY Here S 
tion of 12,000 fold. th @ ae 





absorption at 260nm in the range of 25 -92 C (Fig. 2). 


There was no evidence of cooperative melting. Moreover when 
the nucleic acids were heated to 92 `C, cooled slowly to 25 C 
and heated again to 90 C, the final absorbance curve was 
essentially the same shape as before, indicating that no extensive 
double-stranded structures had formed on cooling, and exclud- 
ing the possibility that some virus particles contain DNA-plus 
strands while a substantial proportion contain complementary 
minus strands instead, as with some parvoviruses”. 

Electron microscopy of preparations of nucleic acid of either 
virus revealed two sorts of molecule (Figs 3 and 4). Small circular 
molecules predominated in most preparations but in some there 
were about as many linear as circular molecules and, in a few, 
linear molecules predominated. Linear molecules varied in size 
up to the length of the circular molecules (Fig. 4), suggesting that 
they are formed by nicking and partial degradation of the latter, 
In samples to which double-stranded circular DNA of phage 
PM2'® and single-stranded circular DNA of phage X174 
(strain am3)'' were added, the plant virus DNA molecules 
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appeared single-stranded throughout. 

Molecular weight was estimated from relative molecule 
lengths'*. Comparison of modal lengths showed that the 
circular DNA of cassava latent virus was about 50°, of the size 
of phage ®X174-DNA (strain am3; 1.59 x< 10° daltons':"*), and 
had a molecular weight of 0.80+0.01 x 10° (Fig. 5). The 
figures for maize streak virus DNA were about 45% and 
0.71 —0.01 x 10°. 

Length—distribution diagrams of DNA molecules from each 
virus (Fig. 4) suggested that the two nucleic acid species 
detected by polyacrylamide gel electrophoresis are linear and 
circular molecules of the same length. To examine this further, 
the two species in a preparation of cassava latent virus DNA 
were separated by polyacrylamide gel electrophoresis for 13 h, 
and the nucleic acid was extracted from each band by steeping 
the disrupted gel slices for 4-5h at 4°C in 2 mi 50°% (v/v) 
formamide containing 1.5 mM sodium chloride and 0.1 mM 
sodium citrate, After low-speed centrifugation to rémove gel 
fragments, the nucleic acid was concentrated from the super- 
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Fig. 4 Relative lengths of circular and linear molecules of virus 

DNA. a, Maize streak virus circular DNA (314 molecules); b. 

maize streak virus linear DNA (151 molecules); c, cassava latent 

virus circular DNA (279 molecules); d, cassava latent virus linear 

DNA (179 molecules). The molecules were measured with a map 
ruler from electron micrographs enlarged 25-fold. 


natant fluid by precipitation with 4 volumes of ethanol, and the 
two samples were examined by electron microscopy. The sample 
of faster migrating component contained linear molecules only, 
many of similar length to the circular molecules. More than 
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Fig. 5 Length-distribetion diagrams for circular DNA molecules. 
Maize streak virus (115 molecules) and ®X174-am3 (222 
molea: b, cassava latent virus (153 molecules) and ©174-am3 
(416 molecules). Each pair of DNA samples was mixed and spread. 
The method &f specimen preparation is described in Fig. 3. Lengths 
were measured with a computer-assisted planimetric device! 
from micrographs enlarged 10-fold, the circles of ®X174 single- 
stranded DNA being used as an internal standard. 
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80%, of molecules in the sample of slower migrating component, 
however, were circular. We conclude that the circular and linear 
molecules are respectively the slower and faster migrating 
component in polyacrylamide gels. 

Working with single-stranded DNA from SV40 virus, 
Dingman ef al. found that the relative speeds of electro- 
phoretic migration of circular and linear molecules of the same 
length depended on the concentration of the gel. Hence we 
attribute differences in the separation of the two DNA species 
in our gels to small uncontrolled differences in concentration of 
different batches of gel. è 

It seems likely that the nucleic acids of other plant viruses 
with small paired particles will be found to have similar single- 
stranded DNA. Of such viruses, some have leafhopper vectors 
whereas others have whitefly vectors. Maize streak virus is a 
representative of the first type’; the vector of cassava latent 
virus is not known. However, bean golden yellow mosaic virus 
has a whitefly vector, and also contains single-stranded DNA, 
of estimated molecular weight 0.66-0.95x10° (refs 8 
and 16). We see in this and other similarities the emergence of a 
new virus group, comprising the plant viruses with small paired 
particles. The name geminivirus is proposed for this group, 
which will be described in detail elsewhere (unpublished data of 
K. R. B.). 

Our work has provided no support for the suggestion’ that 
the genome of maize streak and cassava latent viruses is in two 
parts contained respectively in the two particles that make up 
a pair, If, as we suggest, one of the nucleic acid species separated 
by gel electrophoresis is derived from the other, the DNA 
genomes would seem the smallest known for independently 
replicating viruses. 

We thank Drs B. A. Allsopp and D. J. Robinson for help and 
advice; Miss S. Barr for technical assistance; Drs A. Campbell 
and R. Eason for PM2 DNA and ®X174 DNA, respectively: 
Drs H. Y. Elder and V. A. Moss for the use of the planimeter; 
Mr I. M. Roberts and Mrs A. M. Hutcheson for electron 
microscopy; Dr J. Hay for advice, and Dr R. M. Goodman for 
sending his manuscript before publication. 
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Animal signal characteristics 


Optical Signals: Animal Communica- 
tion and Light. By Jack P. Hailman. 
Pp. xix + 362 (indiana University: 
Bloomington, Indiana and London, 
1977.) £11.25. Animal Communication. 
Second edition. By Hubert and Mable 
Frings. Pp. ix+207. (University of 
Oklahoma: Norman, Oklahoma, 1977.) 
Hardback $9.95; paperback $4.95. 


THE striking and often stereotyped 
displays with which animals communi- 
cate have always fascinated ethologists. 
Tne similarity or signals within a 
species, and the differences between 
species, make them well suited to the 
Study of behavioural evolution. By 
examining the contexts in which signals 
occur, some progress has also been 
made towards understanding the moti- 
vational systems underlying theni and 
thus the messages which they convey. 
On the other hand, the selective forces 
which have led them to be as they are 
have received less attention. 

It is on this last area, the ways in 
which signals are adapted to the 
environments in which they occur and 
to the functions which they have, that 
Hailman hopes to shed some light. He 
was originally asked to write a chapter 
on visual signals for a book to be 
edited by Sebeok but, having over-run 
his word limit, he decided to use the 
additional material for a book of his 
own. His aim in this is a limited one: 
“to specify optical principles, search 
for ecologically relevant situations, and 
then predict animal signal character- 
istics”. As this is a largely unexplored 
area, the range of topics covered is 
unconventional for a book on animal 
communication. 

The first two chapters outline the 
author’s approach to the problem, 
dealing in particular with scientific 
philosophy and = information theory. 
The following three are concerned with 
the properties of the channel, the 
sender and the receiver: in effect, 
optics, the basis of animal colours and 
movements, and visual sensation and 
perception. These chapters provide a 
wealth of backgreund material cover- 
ing every physical and physiological 
process which might conceivably be 
relevant to the form of animal signals. 
The rest of the book gets down to 
examining the sorts of signals which 
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should emerge, given these constraints. 
A chapter on deception, dealing largely 
with crypsis and mimicry, is followed by 
one on noise, in which the ways in 
which animals may achieve conspic- 
uousness in various situations are 
explored. A further chapter deals with 
the sorts of signals which might carry 
different types of information. 

The book is a bold attempt to take 
a novel approach to visual communica- 
tion, but in many ways it is hindered 
by the very novelty of that approach. 
Although the background information 
in the earlier chapters is solid and well- 
established, the later ones sink into the 
haze which often surrounds functional 
questions. To approach such problems 
as “Why is the cardinal red?” one can 
only resort to correlational methods 
with all their attendant difficulties. 
looking across species to see if red 
colouration occurs in some situations 
more than in others. The correlations 
the author uses are neither extensive 
nor formal, so that many of his sug- 
gested explanations rest on speculations 
from selected data. He has, however. 
done a service by pointing to an inter- 


esting and neglected area. If he has 
been unable to pull all the strings to- 
gether himself, he has at least provided 
a basis on which research towards 
doing so may be founded. 

Hailman’s book is tough reading: it 
is tersely written and contains few 
detailed examples; the author has a 
liking for classifying things with the 
aid of a confusing variety of poly- 
syllabic labels; the text is in typescript 
form and contains many misprints. 
Although also poorly produced (two 
pages are even printed in the wrong 
order), the book by Frings and Frings 
is something of a contrast, as it was 
written as a brief introduction for 
laymen, and contains many examples 
and little theory. Such theory as it 
does include is, however, seriously out 
of date, for it was originally published 
in 1964 and the new edition has been 
simply updated by adding a chapter on 
recent advances, This is an unhappy 
compromise which can hardly do justice 
to what has happened since then. [O 


P. J. B. Slater is Lecturer in Animal 
Behaviour at the University of Sussex, UK. 
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The Moon: A New Appraisal from Space 
Missions and Laboratory Analyses. Edited 
by G. M. Brown, G. Eglinton, S. K. 
Runcorn and H. C. Urey. Pp. vi+606-+- 
15 plates. (Royal Society: London, 
1977.) £38 in the UK; £38.95 overseas. 
THis book is a collection of papers given 
at a Royal Society symposium in 1975. 
Many, perhaps most, of the leading 
research groups in lunar science are 
represented. It represents well the state of 
the subject at the time of presentation. 
The climactic period of lunar studies 


began with the Apollo missions in 1969- 


72, but it did not end there. The rich 
collection of lunar samples returned by 
US and Soviet missions, the experiments 
left on the moon, and the data tapes 
obtained during the missions, have pro- 
vided the basis for a vigorous and even an 
expanding science. Although the work 
has been published in all the appropriate 
journals (including Nature), it has a 
special point of concentration in the 
Proceedings of the Lunar Science Con- 
ferences held each year in Houston. The 
worker seeking direct access to some 


aspect of lunar research should begin 
there. 

What then is the role of the present 
volume? The editors have made a 
deliberate, and quite successful, effort to 
make the work accessible to a wider 
scientific public. Authors have been en- 
couraged to begin at the beginning, 
and to set their work in context. As a 
result, some of the papers are admirable 
introductions to important and difficult 
subjects. Others are broad-briish ex- 
tended abstracts, which can at least alert 
the reader to the significance of an area, 
or the point of view of one group. 
Narrower, more technical papers have 
not been eliminated, but they do not 
dominate the whole. 

The first section, on the accumulation 
and bulk composition of the moon, is 
especially good. The evidence, mainly 
isotopic and chemical, is presented with 
care by Wasserburg, Anders, Wanke, 
and Lal et al. I know of no more acces- 
sible current summaries of the beautiful 
development of early lunaf chronglogy, 
or of the striking patterns® of trace 
element abundances. 
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The organisation of such a complex 
subject is always a problem. Certain 
articles in later sections are very close to 
this group, and should in my judgment 
be read with them. A later article by 
Palme and Wanke, one on lunar gravity 
by Sjogren, and three in the last section 
beginning with that of Kopal, are among 
these. They bear closely on questions of 
origin and early history. 

The period of mare formation, ex- 
tending roughly from 4 10° to 3x 10° y 
ago, was an active stage about which we 
know a great deal. The least clear point 
is the relationship, causal and temporal, 
between the major impacts which pro- 
duced huge basins on both the front and 
back sides of the planet, and the basaltic 
flows which created the maria on the side 
we see, This is a major theme of Section 
Ill; the articles by Geiss ef al. and by 
O'Hara er al. deal especially with im- 
portant aspects of the subject. 

The meteoritic bombardment of the 
lunar surface Continues to the present. It 
is important in its own right, and also asa 
chronological tool. A direct comparison 
of ages in different lunar regions is 
possible, and to some extent the chron- 
ology can be given an absolute basis, 
using the lunar samples. The comparison 
with other planets, especially Mercury 
and Mars, is more difficult. Articles in 
this section by Neukum and Housley, 
among others, are notable. Signer er al. 


call attention to some gaps in our 
understanding of lunar rare gases. 
Strangway and Olhoeft, and others, 


demonstrate the importance of electrical 


measurements in understanding the 
interior. Coleman and Russell, Runcorn, 
and others, summarise our knowledge of 
the striking magnetic remanence seen in 
the lunar samples, and in the orbital data. 
The coverage of geophysical aspects of 
lunar science is in fact especially thorough. 

Allowing for the fact that any sym- 
posium must contain some weak 
contributions along with the strong, this 
volume can be highly recommended. Its 
one general fault is shared with many 
others: it appears more than two years 
after the event. There have been re- 
markable developments since, which 
cannot be reflected here and must be 
found in the current literature 
Chronological and isotopic studies, com- 
parative lunar and meteoritic work, and 
the interpretation of orbital remote 
sensing data are among the areas that 
have moved ahead rapidly since 1975. 

The distinguished editors have chosen 
to close the volume with an “Epilogue” 
showing a colour plate of Apollo orbital 
geochemical data, and pointing out the 
importance, for our understanding of the 
origin of the moon and the Solar System, 
of a global survey by a complete set of 
geochemical and geophysical instruments. 
This describes a potential future mission, 
the Lunar Polar Orbiter. Since this is a 
cause to which this reviewer has been 
passionately committed, he can hardly 
fail to agree with these sentiments. 

James R. Arnold 


James R. Arnold is Professor of Chemistry at 
the University of California at San Diego. 





Family of muskrats (Ondatra zibethica). By John James Audubon in his famous 


book Quadrupeds ef North America 


(1849), 


Illustration taken from Larousse 


Animal Portraits, compiled by P. P. Grasse (Hamlyn: London, New York, Sidney 
and Toronto, 1977; £6.95). The book contains over eighty Natural History prints 
from the seventeenth to the twentieth century, a large proportion of which were 
selected frome a collection in the Natural History Museum in Paris. The collection 
was Start@d by a brother of Louis XIII, Gaston of Orleans, a keen naturalist and 


patron of the arts. 
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Charged 
particle 
beams 


The Physics of Charged-Particle Beams. 
By J. D. Lawson. Pp. xxi+462. (Oxford 
University. (Clarendon): Oxford; 1977.) 
£16.50., 

CAEN EN A 
CHARGED PARTICLE BEAMS have served to 
probe the nucleus, to analyse minute quan- 
tities of material. to reproduce television 
images, to resolve living structures smaller 
than the wavelength of light. to cut and join 
metals, and to reveal the subnuclear uni- 
verse. as uny and unexpected as that of the 
astronomer ts large and apparent. In the 
future, one hopes they will provide the 
means to contain and perhaps ignite fusion 
reactions and prove useful in the treatment 
of malignant disease. 

The field is as diverse in its intellectual 
content as in its applications. Based firmly 
in classical electromagnetism, it extends to 
a mathematics of collective phenomena as 
fascinating as any to be found in the fields 
of pure science to Which it has been applied. 

Lawson is particularly well placed. hav- 
ing contributed to most branches of this 
field of applied physics. to write an auth- 
oratitive and unifying text. This he does. 
manfully striding through six chapters of 
somewhat daunting mathematical equa- 
tions. from some which the under-graduate 
will recognise to others which still puzzle 
the expert 

Besides the achievements of charged par- 
ticle beam physics, the book stands as 
might a great master’s treatise on per- 
spective against the riches of renaissance 
art, perhaps somewhat disappointing to 
those who would appreciate but invaluable 
to those who would contribute. 

The material is organised in an in- 
tellectual sequence which will frustrate 
those who may seek mathematical assis- 
tance in the solution of a particular pro- 
blem. But no matter. it should be read from 
cover to cover, for Lawson disregards the 
partitions between specialities in the field in 
an attempt to cross pollinate neighbouring 
branches of the tree of physics whose 
blossoms, beautiful as they may be, might 
otherwise begin to show signs of infertility. 

Such a book has been long awaited. 
parucularly by those of us in the particle 
accelerator and fusion fields, It is re- 
grettable that its printers have reverted to a 
typescript presentation that would have 
offended Gutenberg. Provided the reader 
can overcome his aesthetic scruples, how- 
ever, he will find the layout of equations, 
figures, references and indexing perfectly 


adequate. E. J. N. Wilson 
o 





E. J. N. Wilson is a senior physicist in the team 
which constructed the 400 GeV Super Proton 
Sym hrotron at the European Oreanisation for 
Nuclear Research (CERN). Geneva. 
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Experimental design 
and statistical 
analysis 


Experiments: Design and Analysts. 
Second edition. By J. A. John and 
M. H. Quenouille. Pp. 296. (Charles 
Griffin: London and High Wycombe, 
1977, £12. 
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The Design and Analysis of Experi- 
ment by Quenouille, first published in 
1953, was an early text which empha- 
sised the practical aspects of experi- 
mental design and statistical analysis. 
The second edition, which appears 
under the joint authorship of J. A. 
John and Quenouille, who died at an 
early stage In its preparation, preserves 
the spirit of the original, with detailed 
coverage of the more widely used de- 
signs fully illustrated by numerical 
examples from either agricultural or 
animal experiments. 

Despite the high standard of the 
original, the changes incorporated in 
the new edition are welcome: the 
grouping of chapters into sections has 
been abandoned and some re-arrange- 
ment has allowed the inclusion of two 
new chapters—one on fractional repli- 
cation and the other on response 
surface methods—-without increasing 
their total number. The contents have 
been updated with advances made since 
first publication, and strengthened with 
further elaboration of specific designs. 
The bibliography has been revised and 
expanded. 

The first four chapters discuss ran- 
domised blocks, Latin squares, and 
factorial and split-plot designs. Tech- 
niques for missing-values, originally 
confined to a separate chapter, have 
been inserted at the appropriate places. 
Discussion of miussing-values in ran- 
domised blocks is particularly exten- 
sive, although it is strange that two 
missing-values in such designs should 
be estimated by iteration rather than 
directly equating the appropriate resi- 
duals to zero. 

The next four chapters illustrate the 
main modifications of full factorials 
through confounding and partial repli- 
cation. The new chapter 9. on response 
surface methods, provides an excellent 
account of first- and second-order de- 
signs, including rotatability; examina- 
tion of the fitted response surface is 
particularly well ilHustrated. 

Chapter 10, on incomplete block de- 
signs, includes recent work on resolv- 
able and cyclic dé@signs and a brief 
introduction to partially-balanced in- 
complete blocks. The three chapters 
(11, 12 and 13) on designs for estimat- 
ing residual effects in long-term 
experiments, planning of groups of ex- 
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periments and combination of results, 
still constitute one of the few adequate 
expositions of these important topics. 
The final chapter describes the scaling 
of data, and the book ends with tables 
of z, F, x’, studentised range and ran- 
dom permutations, a bibliography and 
a good index, 

This book is a valuable guide to 
the understanding of experimental de- 
sign: its discussion of real data and the 


765 


absence of mathematical and statistical 
models should appeal to the experi- 
menter. Its comprehensive coverage of 
the simpler designs and the tabular 
summaries of their properties provide 
a useful reference for the statistician. 
A. L. Johnson 


Aen nner anna, 





A. L. Johnson is a statistician in the MRC 
Statistical Research and Services Unit at 
University College Hospital Medical 
School, London, UK. 





Population | 
differentiation 
and gene-flow 


Geographic Variation, Speciation, and 
Clines. By John A. Endler. Pp. 
1X+ 246. (Princeton University: Prince- 
ton, New Jersey, £977.) Hardback 
£12: paperback £5.45. 


CHARLES Darwin, with his knack for 
picking a good problem, wrote: “Those 
forms which possess in some consider- 
able degree the character of species, 
but... are so closely linked... by 
intermediate gradations, that naturalists 
do not like to rank them as distinct 
species, are in several respects the most 
important to us.” Endler’s book re- 
views the diverse and scattered litera- 
ture on clines—that is, the study of 
population differentiation in the 
absence of ‘barriers to gene-flow—-that 
has accumulated since Darwin. 

It directs itself to two fundamental 
questions. First, it asks whether sharp 
geographical differentiation can evolve 
across a spatially or genetically con- 
tinuous series of populations; or 
whether gene-flow can prevent spatial 
differentiation. The answer is rather 
clear. Subspecific and even specific dif- 
ferentiation (parapatric speciation) in 
the absence of barriers to gene-flow is 
as common and important as diverg- 
ence with strong barriers, whatever our 
introductory textbooks might say. 

Second, it asks about the shape of 
chines: for example, whether stepped 
clines require stepped environments 
and whether there is always a unique 
one-to-one correspondence between 
local steepening and = environmental 
change. Endler explores the rich pos- 
sibilities in considerable detail, using 


analytical and computer models, as 
well as laboratory populations. The 


fairest summary is that “it depends”. 
Chapter 4, in particular, shows how 
conclusions based on classical single- 
locus models can be much influenced 
by the effects of co-adapted modifiers. 

Whereas chapters 2-4 consist of 
rather detailed population genetics, the 
last two chapters, which they under- 
pin, are of more general interest. 
Chapter 5 elaborates the earlier con- 


clusion that parapatric speciation is 
probably common. Indeed, present-day 
patterns of distribution resulting from 
parapatric speciation do not differ sig- 
nificantly from those generated by 
allopatric speciation and secondary 
contact. Even the familiar explanations 
for present-day distribution patterns of 
Amazonian and African forest birds, 
butterflies and other organisms, based 
on Pleistocene refugia within forest 
remnants and subsequent’ secondary 
contact, look shaky in the light of 
Endler’s reanalysis in chapter 6. These 
distributions can equally well be ex- 
plained by the presence of some kind 
of selection gradient, which may be 
sufficient to maintain geographical dif- 
ferentiation regardless of whether or 
not the forests have been fragmented. 

The book summarises a great deal of 
empirical data on clines of all kinds, 
and makes a brave attempt to match 
theory with data wherever possible. 
Efforts to assign numbers to key para- 
meters-—for example, rates and dis- 
tances of gene-flow and cline width (the 
distance over which gene-frequencies 
change)}—-are particularly commend- 
able. Many of the estimates may be no 
better than an order of magnitude, but 
they can nevertheless constrain the bio- 
logically feasible solutions to general 
models in a dramatic and cautionary 
way. Nevertheless, I was left with the 
distinct impression that theory can now 
generate so many alternative explana- 
tions for apparently simple phenomena 
that distinguishing hypotheses would in 
many cases be a major undertaking, if 
not downright impossible. 

Before I read the book, IT knew very 
little about clines, other than that they 
were interesting. When I was reading 
it, there were times when I felt that I 
was finding out more than I really 
wanted to know: that somehow, Dar- 
win’s clear, simple problem had been 
lost in the toolkit of modern population 
genetics. But by the time I finished it, 
I was more convinced than ever that 
clines are intriguing. For any biologist 


brought up in the Simple belief that 


allopatric speciation is all, this book is 


essential reading. John H. Lawton 
+ 
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+ 
John Lawton is Lecturer in Ecology at the 
University of York, UK. 
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African fossil 
hominids 


Catalogue of Fossil Hominids. Part 1: 
Africa. (Second edition). Edited by K. P. 
Oakley, B. G. Campbell and T. I. Mol- 
leson. Pp.210+21 plates. (British Museum 
Natural History: London 1977.) £12. 
REVIEWING a catalogue can be likened to 
reviewing a telephone directory. It would 
take a devoted reviewer—-nay, an obses- 
sional one--to check all the facts: all one 
can reasonably do is comment on their 
presentation, 

There are now three published parts of 
the Catalogue of Fossil Hominids. Part | 
deals with Africa, Part H with Europe, and 
Part HI with the Americas, Asia and Aus- 
tralasia. Part I is the first to go into a second 
edition. All follow a similar style. Fossils 
are grouped by site and then, for the large 
sites, into anatomical subcategories. Eight- 
een items of information are given about 
each fossil, or group of fossils, varying 
fromthe exact name and location of the site 
to the location of the moulds for casts. The 
items include a very brief description of the 
completeness of the fossils, as well as 
geological, palaeontological and bibliog- 
raphic information. The Catalogue is clea- 
rly intended as a source for reference and 
information about hominid fossils; how 
well does the series, and this particular 
volume, fulfil this role? 

As a comprehensive source of infor- 
mation, the series has no rival. My ex- 
perience is that the volumes represent a 
very reliable source of data. I detected 
remarkably few errors in this volume, and 
the prodigious task of checking entries and 
proof-reading has been carried out with 
considerable skill. Once one is accustomed 
_to the layout, information is comparatively 
easy to retrieve. The use of a bookmarker 
as a key to the various items of information 
is an excellent idea. (Publishers of Tolstoy, 
Pasternak and Trollope, please note!) 

I would have welcomed clearer infor- 
mation about the circumstances of many of 
the fossil finds. Were they found ‘in situ’ or 
on the surface; and, if on the surface, how 
reliably can they be associated with parti- 
cular horizons? Taxonomic attributions 
are given, but they tend to be hidden away 
between citations of original reports: 
perhaps they could be given a section of 
their own? Inevitably, the choice of which 
papers to cite is subjective, but I would 
quibble with some of the selections. It is 
unfortunate that the paper cited as the first 
report of KNM-ER 1470 does not mention 
the specimen in the fext at all. 

The inclusion of site maps is a welcome 
introduction, and grgater use of geological 
sections should be encouraged, though it 
has to be admitted that compound sections 
can appear misleadingly simple. The de- 
CiSIOl@to centinue the use of Nomina Anat- 
omica terms to describe the material is a 
wise one: even if it does lead to ‘ossa facie’ 

® 





and ‘face’ being used in the same sentence, 
it is important to base descriptions on 
internationally understood terms. The in- 
clusion of photographs of so few speci- 
mens, even if they are holotypes, is of 
questionable value. 

I had to work very hard to find even 
minor points of criticism in the latest 
volume. Fossils from Sterkfontein are cat- 
alogued within Members, but none of the 
references cited gives information about 
the definition of the Members: and in the 
section on Swartkrans reference is made to 
A4 dating, but this category of dating is not 
defined in the general introduction; how- 
ever, these are points of detail and not 
serious criticisms. 

There is no doubt in my mind that the 
quality of the whole Catalogue, and this 
new volume in particular, is a credit to the 
editors, and to the scientists who contri- 
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peon Research is to be con- 
gratulated for supporting the preparation 
ofthe o The clear layout and high 
quality of the presentation do credit to the 
publishers, who are to be commended for 
producing such a specialist publication at a 
realistic price. The Catalogue will continue 
to accumulate entries, and one hopes that 
the possibility of producing it in a lo@se leaf 
format ts being explored, 

My own copy of the predecessor to this 
new edition 1s so well used that it is disin- 
tegrating. | am confident the same fate will 
befall the new edition: I can think of no 
finer recommendation for a book. 

Bernard Wood 


Bernard Wood is Senior Lecturer in Anatomy at 
Middlesex. Hospital Medical School, London. 
UK. 








Statistical 
techniques in 
biostratigraphy 


Concepts and Methods of Biostrati- 
graphy. Edited by Erle G. Kauffman 
and Joseph E. Hazel. Pp. xiii+ 658. 
(Wiley: New York, London and 
Toronto, 1977.) £26.25; $44.45. 





So much in geology depends on good 
biostratigraphy that one must welcome 
any good new treatment of its con- 
cepts, methods and results. This 
weighty (in more ways than one) 
volume starts well with a scholarly and 
absorbing essay by J. M. Hancock on 
the history of concepts of correlation, 
and continues with six articles on a 
variety of biological concepts involving, 
for example, speciation, dispersal 
mechanisms and biogeography. There 
follow a further six articles on bio- 
Stratigraphic methods, and the re- 
mainder of the book deals with a 
dozen major fossil groups. These in- 
clude such excellent stratigraphic in- 
dices as graptolites, conodonts and 
ammonites together with a few 
‘jokers’, such as corals and gastropods, 
which no respectable  stratigrapher 
would use if he could possibly avoid it. 
Even more surprisingly, there is 
nothing on the increasingly important 
nannofossils and dinoflagellates, that 
have in recent years become extremely 
valuable in much oil company explora- 
tion and deep-sea drilling. 

Although the book is marred some- 
what by the poor, smudgy quality of 
many of the illustrations, the editors 
are to be congratulated on having per- 
suaded so many leading palaeonto- 
logists to collaborate in producing a 
volume that will serve as a most useful 
teaching aid and reference work. If I 


find myself more than a little resistant 
to the promotional enthusiasm of the 
blurb writer, it may be because I am 
not persuaded by what I estimate to be 
the editors’ higher ambitions, judging 
from their joint preface and individual! 
articles. Hazel wishes to promote the 
use Of a variety of statistical techniques 
in biostratigraphy, but in my experi- 
ence good stratigraphic marker fossils 
are the only crucial consideration. If 
they are present then statistics are un- 
necessary and if they are not, no 
amount of juggling with numbers will 
be of much help. 

Far more interesting in my view is 
Kauffman’s ambition to apply modern 
evolutionary and ecological concepts to 
improving correlation as exemplified by 
his work on the Cretaceous of the US 
Western Interior, Although I share his 
fascination with the sorts of biological 
and geological questions that his work 
raises, I feel he may perhaps be guilty 
of putting the cart before the horse. 
Biostratigraphy is essentially an 
empirical subject and excellent work 
can be undertaken by people with little 
interest in, knowledge of, or talent for 
biological theory (one has only to think 
of  stratigraphy’s prime exemplar, 
William Smith). Thus, ammonites are 
more useful in stratigraphy than bi- 
valves because of their much higher 
rate of faunal turnover, a fact recog- 
nised and utilised for well over a 
century. This raises an intriguing 
scientific question, as does, says, the 
existence of faunal provinces, but in 
both cases attempted solution of the 
problems is irrelevant to correlation of 
strata. Good palaeobiology depends on 
good stratigraphy ånd not the other 


way around. 
A. Hallam 


manatee ett 


A. Hallam is Professor of Geology at the 
University of Birmingham, UK. 
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obituary 





A. R. Luria 


ALEXANDER ROMANOVITCH LuRIA, the 
distinguished Soviet neuropsychologist, 
died in Moscow on 14 August, 1977, 
at the age of 75. 

He was born in 1902 and educated 
at the Universities of Kazan and 
Moscow, where he took his degree in 
psychology, later qualifying also in 
medicine. A talented experimental 
psychologist, his best known work was 
concerned with the analysis of psycho- 
logical disabilities resulting from war 
wounds of the brain. But his interests 
covered a wide range of themes in ex- 
perimental psychology, in particular 
problems of language and its acquisi- 
tion in young children. He paid several 
visits to this country and a number of 
his books have been translated into 
English. 

Luria’s earliest work was concerned 
with the analysis of motor disorganisa- 
tion provoked by conflict and stress. 
This was based on a long series of ex- 
perimental studies carried out at the 
State Institute of Experimental Psy- 
chology in Moscow in the ‘twenties 
and published as a book which 
appeared in English translation in 
1932. Although deriving in some 
measure from Jung and Peterson’s 
work on word-association and the 
psychogalvanic response, Luria was 
concerned with the disruption of voli- 
tional movement rather than with 
autonomic changes and did much to 
extend the use of objective method in 
the study of emotional stress. 

Rather surprisingly, his work owed 
but little to Pavlov, who at much the 
same time was investigating experi- 
mental neuroses in dogs by condi- 
tioned reflex techniques. While Luria 
held Pavlov’s physiological work in the 


highest esteem, relations between 
physiology and psychology in the 
Soviet Union have never been close 


and few Soviet psychologists espoused 
hehaviourism. As with the great 
majority of Soviet psychologists, 
Luria’s outlook was far from Pavlovian 
and his work was wholly confined to 


the study of human experience and 
behaviour. 
The most important figure in 


Russian psychology after the Revolu- 
@tion was L. S. Vygotsky, Luria’s pre- 
` decessor in the Chair of Psychology in 
the University of Moscow and a man 
who influenced him greatly. Vygotsky's 
main interests lay in child develop- 
ment, more especially in the study of 





language and its relation to intellectual 
growth. Following Pavlov’s suggestion 


differences between 
human and animal behaviour are 
bound up with the evolution of 
language, Luria concerned himself 
particularly with the acquisition of 
language in young children and its 
effects on the learning of motor skills. 

Although relatively little of this 
work was translated, he brought much 
of it together in a series of three 
lectures delivered at University College 
London in 1958 and subsequently 
published as a short book under the 
title of Speech and the Regulation of 
Normal and Abnormal Behaviour 
(1961). More physiological in tone than 
Vygotsky, Luria followed him in his 
full acceptance of the importance of 
language in the intellectual develop- 
ment of the child. In this respect he 
stands far closer to Piaget than to 
Pavlov. 

Interested as he was in the acquisi- 
tion of language, Luria was even more 
concerned with the nature of its dis- 
solution. His studies of aphasia, some- 
what in the tradition of Hughlings 
Jackson and Henry Head, remain 
perhaps as his outstanding contribu- 
tion to neuropsychology. During the 
last war, Luria was closely concerned 
with the assessment of psychological 
disability in  brain-injured servicemen 
and in formulating programmes of 
rehabilitation based upon thorough 
psychological examination. His book 
on Traumatic Aphasia (1947, English 
translation 1970), is especially note- 
worthy for its detailed analysis of the 
various patterns of linguistic disability 
resulting from brain injury and their 


that the main 


relationship to the site and extent of 
the cerebral lesion. 

Some years later, his considered 
views on the problems of cerebral 
localisation together with an exposition 
of his methods for eliciting specific 
psychological deficits were set out in 
a noteworthy monograph. This was 
Higher Cortical Functions in Man 
(1963, English translation 1966), which 
has had wide influence. Although 
putting forward no new theory or 
model of higher nervous activity, the 
subtlety and intuitive skill displayed by 
Luria in devising simple methods for 
analysing cortical defects and evaluat- 
ing their significance represents a 
major achievement. 

Apart from his scientific preoccupa- 
tions, Luria was a man with lively 
human sympathies who achieved an 
unusual degree of empathy with the 
victims of brain injury. Among these 
was the distinguished physicist, L. D. 
Landau, to whose rehabilitation after 
a severe head injury Luria devoted 
quite outstanding skill and care. Nor 
were his ministrations limited to the 
famous, as is witnessed by his moving 
account of the visual and symbolic 
difficulties of a completely unknown 
young scientist who had sustained a 
penetrating occipitoparietal war wound 
of the dominant cerebral hemisphere. 
This case is described in The Man with 
a Shattered World (1972), a semi- 
popular book written with unusual 
sensitivity and very considerable 
literary skill. As has been well said 
elsewhere, Luria was a very warm 
human being and a deeply compas- 
sionate and concerned physician with 
something of the artist in his com- 
position. 

Alexander Luria was a holder of the 
Order of Lenin and received many 
other honours from his own country 
and further afield. He was a foreign 
member of the National Academy of 
Sciences of the United States and an 
Honorary Fellow of the British Psy- 
chological Society. He was awarded an 
Honorary Doctorate of Science by the 
University of Leicester. He is survived 
by his widow, herself a medical 
scientist, and daughter. 

„2. L. Zangwill 


Jean Maetz 


Jean Maerz died tragically én a road 
accident in Scotland on 16 4ug®t, 
1977. He was Chief of the Groupe de 


Biologie Marine of the Département de 
6 
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Biologie du Commissariat 4 L’Energie 
Atomique located at the Station Zoo- 
logique, Villefranche-sur-Mer, France. 
Born in Mutzig in Alsace in 1922, he 
was educated at the Ecole Normale 
Supérieure in Paris, and worked at 
Saclay before going to Villefranche in 
1964. 

Early attempts to measure teleostean 
osmoregulation with radioisotopes had 
been made in the fifties, and revived 
by Motais in 1961. Maetz with Motais 
in 1965 discovered that in sea-water 
the gill was the major site of sodium 
exchange, and that up to 100°, of the 
internal sodium could be exchanged 
each hour. Maetz was quick to realise 
the importance of techniques which 
allowed both influx and efflux of ions 
across the gill to be measured while the 
salt balance of the animal was not dis- 
turbed. He refined and automated these 
techniques with the effect that a con- 
stant stream of papers has flowed from 
his laboratory in which a variety of 
perturbations (ionic strength, tempera- 
ture, hormones) were employed and 
their effects on branchial fluxes des- 
cribed. He was particularly interested 
in problems of adaptation in euryhaline 
fishes and while he stressed the dif- 
ficulty of obtaining exact thermo- 
dynamic data in whole animals he 
enjoyed building models to describe the 
data. These were intended as a chal- 
lenge to others to do experiments 
designed to test the models. 

It is in no small part due to his 
stimulus that there is a lively interest 
in branchial transport today. While 
there is now general agreement about 
the active transport of chloride in the 
seawater gill, the mechanism of Na-K 
exchange is more controversial. 
Whether exchange proceeds by an 
active mechanism or is a result of 
potential changes accompanying alter- 
ations in composition of external 
medium is still a matter of dispute. 
Although Maetz with Campanini in 
1966 were the first to show the change 
in gill potential which followed when 
cels were transferred from sea water to 
fresh water Maetz initially favoured an 
active mechanism. More recent obser- 
vations suggest that Na/K exchanges 
are diffusive in mature, yet awkward 
observations remain to indicate that 
some component of the exchange is 
potential insensitive. It is a tragedy he 
will not be able to resolve this matter 
after contributing so much of the in- 
formation on which the discussion is 
based. . 

The impact of the mass of pheno- 
menological datæ collected for many 
different species, which has come from 
his efforts has perhaps not yet been 
realised. It importance to ecology and 
rel@van%e with regard to the changing 
environment of the seas and estuaries 
may be considerable. 

e 


More recently he turned to simpler 
systems such as the perfused gill, work 
already started with Rankin, and to 
biochemical and morphological studies 
of chloride cells. It is to be hoped 
others will continue to explore his ideas 
in these areas. 

Jean Maetz was a man of great 
charm with an infectious enthusiasm 
for research. Many of his former 
students now hold positions in research 
institutions and his laboratory was 
never without visiting scientists, who 
came from all over the world. A visit 
to his laboratory was a commitment to 
do experiments, and often at the end 
of the day to enjoy the hospitality and 
friendship offered by his whole family. 
He is survived by his wife, Betty, and 
two daughters. A. W. Cuthbert 


Louis Fieser 

Louis FREDERICK FIESER was an 
exemplar of excellence promoted and 
sustained by Harvard University. Born 
in Columbus, Ohio, on April 7, 1899, 
he completed his Ph.D. degree under 
J. B. Conant at Harvard in 1924, After 
five years on the staff of Bryn Mawr 
College (where he discovered his apti- 
tude for teaching) he returned to the 
Harvard chemistry department tn 1930, 
becoming Sheldon Emery Professor of 
Organic Chemistry (1939-1968) and 
Professor Emeritus from 1968 until his 
death on July 25, 1977. 

Among the honours conferred on 
Fieser were Fellowship of the National 
Academy of Sciences (1940), and the 
D.Pharm. honoris causa of the Uni- 
versity of Paris (1953). From the 
American Chemical Society he received 
the Wm. H. Nichols Medal (1963) and 
the Award in Chemical Education 
(1967). 

Fieser’s abounding enthusiasm for 
investigative organic chemistry was 
rooted in his own experimental work. 
which he continued throughout his 
career. His attachment to bench work 
is well portrayed in the photograph 
that accompanied a biographical sketch 
by Dr Hans Heymann in the Journal of 
Organic Chemistry of June 1965—an 
issue composed of numerous papers 
dedicated to Fieser on the occasion of 
his 66th birthday, by authors from 
many countries who had been students 
or post-doctoral workers in the Con- 
verse Memorial Laboratory. 

Early research by Fieser stimulated 
developments in several fields which 
have remained important. In 1939, he 
established the structure of Vitamin K: 
by a synthesis of characteristic prac- 
ticality, isolating the natural vitamin 
from alfalfa extract for comparison. 
Fieser had earlier devised syntheses of 
methylcholanthrene and other carcino- 
genic hydrocarbons, and his varied in- 
terests led him to compile (with Mary 
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Fieser) his books on Natural Products 
Related To Phenanthrene (1936, 1937) 
in which the developing (and confused) 
chemistry of the steroids was skilfully 
elucidated and critically reviewed. In 
the 1937 volume, Fieser introduced the 
a/B nomenclature now universally em- 
ployed to designate hydroxy and other 
substituent configurations in the steroid 
nucleus. The 3rd edition appeared in 
1949, benefiting from (and contriputing 
to) the burgeoning of steroid research 
that accompanied the discovery of the 
therapeutic value of cortisone. 

The ensuing decade saw remarkable 
advances in steroid chemistry and bio- 
chemistry which had an impact in 
much wider fields. Observations by 
Fieser on the stereochemistry of 
steroid reactions were among the 
stimuli that led D. H. R. Barton (while 
a Visiting Lecturer at Harvard) to 
develop the principles of conforma- 
tional analysis. In addition to par- 
ticipating in many aspects of research 
on steroids, Fieser found time to com- 
pile--again with his wife as co-author 
-—the masterly 4th edition of the orig- 
inal book, necessarily retitled Sreroids 
(1959) because the wealth of new in- 
formation compelled the exclusion of 
other material. 

Fieser’s insight in selecting sig- 
nificant research topics is exemplified 
by his early work on benzo[a]pyrene. 
the carcinogenic action of which has 
only recently been clarified in struc- 
tural terms. Another of his interests 
concerned the possibility that carcino- 
genicity might arise from minor sterols 
occurring as companions of cholesterol: 
he isolated a number of such minor 
components from commercial chol- 
esterol. Although no carcinogenic 
sterols (with the exception of chol- 
esterol a-oxide) appear to be known, 
recent work has indicated that certain 
compounds such as  25-hydroxy- 
cholesterol may have significant bio- 
chemical effects. 

Fieser himself considered 
cess in teaching was his major 
accomplishment. At Harvard, his at- 
tractive informality as a lecturer won 
him the students’ acceptance of a 
rigorous introductory course in organic 
chemistry, generally regarded as ‘tough, 
but well worth it’ by the participants— 
who numbered more than 8,000 during 
the 30 years of the course. Experi- 
mental skill was assiduously inculcated. 
as in the annual Martius Yellow prize 
competition for the practical class, in 
which ‘Louie’ frequently took part. 

Fieser’s earliest textbook, Experi- 
ments in Organic, Chemistry (1935), 
and its painstakingly revised successors, 
conveyed up-to-date techniques to stu- 
dents world-wide: the colour pictures 
showing how to construct a hot-plate 
from a can labelled ‘Gorton’s Cod 
Cakes’ impressed even those readers 


that suc- 


x7 


a 
p 
wt 


Nature Vol. 270 22/29 December 1977 


who were unacquainted with those 
comestibles, 

The 1957 edition of Experiments in- 
cluded an informative review of some 
320 reagents: from this modest chap- 
ter, Mary and Louis Fieser were to 
develop their monumental series of 
handbooks entitled Reagents for Or- 
ganic Synthesis—five volumes compris- 
ing more than 4,000 pages of invaluable 
information and references for research 
workers. 

During the Second World War, 
Fieser’s attention was diverted to in- 
vestigations on antimalarial drugs of 
naphthoquinone type. He also played a 
leading role in the development of in- 
cendiary preparations, including na- 
palm. It is clear from his personal 
account of this work, in the book The 
Scientific Method that while Fieser 
relished this challenge to the skill of 
his research team, he was impatient to 
resume his own research at the earliest 
opportunity. 

Meanwhile, his enforced travels on 
war service provided some spare hours 
in which he began (in collaboration 
with Mary) the first of a series of 
sparkling and scholarly textbooks on 
organic chemistry, in which the excite- 
ment of discovery was conveyed in a 
lively, lucid and gracefully literate style. 
These works deservedly achieved great 
international success, both in the orig- 
inal and in translations. The first 
Japanese edition of the Textbook of 
Organic Chemistry appeared in 1952 
just as peace was formally resumed 
between the U.S.A. and Japan: its 
frontispiece portrayed the  Fiesers’ 
Siamese cat accompanied by one of 
Japanese breed, symbolising the 
authors’ hope that their work would 
promote reconciliation. 

In later years, the Fiesers produced 
two further books for advanced stu- 
dents, Advanced Organic Chemistry 
(1961) and Topics in Organic Chem- 
istry (1963) together with a Style Guide 
for Chemists and other works. Fieser 
also promoted the study of stereo- 
chemistry by means of his inexpensive 
molecular models based on those of 
Dreiding. 

It was typical of Fieser’s determina- 
tion that after undergoing surgery for 
a lung tumour he became a campaigner 
on the risks of smoking, in addition 
to pursuing his customary literary 
work. The elegance of the latter 
matched that of his Siamese cats, but 
in his perseverance Fieser was more 
appropriately described by his mottoes, 
which were Omnia possum and Labor 
omnia vincit. e 

The human warmth implicit in 
Fieser’s books prompted affection for 
the author in many readers who had 
no opportunity of direct contact with 
him. Friends and disciples known and 
unknown will salute the memory of a 


creative and courageous chemist, and 
offer their condolences to Mary, his 
wife and scientific partner throughout 
his career. C. J. W. Brooks 


Sir Frederic Williams 
PROFESSOR Sir Frederic Williams, FRS, 
who died after a year-long illness on 
li August 1977 had held the Edward 
Stocks Massey Chair of Electro- 
Technics at the University of Man- 
chester since 1946; he was famed for 
his pioneer work on electronic circuitry 
and digital computers, and was per- 
haps less well known for his variable- 
speed induction motors and his new 
transmission system for a motor-car. 

Frederic Calland Williams was born 
on 26 June 1911. He was educated at 
Stockport Grammar School, the Uni- 
versity of Manchester (B.Sc. and Fair- 
bairn Prize 1932, M.Sc. 1933, D.Sc. 
1939) and Magdalen College, Oxford 
(D.Phil. 1936). He joined the staff of 
the Electro-Technics Department at 
Manchester in 1936, but left in 1939 to 
join the Scientific Civil Service at 
Bawdsey. During the war he worked 
on radar at TRE (Telecommunications 
Research Establishment; now the 
Royal Radar Establishment). It was at 
TRE that his inherent ability in 
circuitry became apparent. Those were 
the days of valves and he used them in 
unconventional ways to generate the 
waveforms required in the rapidly de- 
veloping field of radar. There were 
circuits actively using all the electrodes 
of a pentode; diodes were employed for 
‘catching’; feedback (both positive and 
negative) was used. It is believed that 
Williams introduced the ‘virtual earth’ 
idea which so simplifies the analysis of 
negative feedback amplifiers. At TRE 
he also made contributions to servo- 
mechanisms. 

When he became Professor at Man- 
chester, all the war-time experience 
was incorporated in new courses which 
he gave to undergraduates (the whole 
staff attending, too). This experience 
also enabled him to start new research 
lines in his department. Most signifi- 
cantly, he brought to Manchester an 
idea for a digit store for a computer. 
There were computers in 1946, but 
they lacked storage. The Williams 
device stored binary digits as a charge 
pattern on the screen of a cathode ray 
tube. The pattern was scanned and 
read and continuously ‘refreshed’ by 
re-writing from the read-out. It was 
possible to inspect any point of the 
pattern at random; access time was 
thus shorter than in acoustic delay 
lines—-a rival system of storage being 
developed elsewhere. 

A complete prototype computing 
machine incorporating the Williams 
tube store was built in the laboratory 
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at Manchester and a commercial 
version was produced by Ferranti Ltd., 
who installed about 20 computers in 
various establishments in this country 
and abroad. Early in the development 
of the second Manchester machine, 
Professor Williams’ interest in com- 
puters waned and he took up other 
interests. However, he must surely be 
of that small company of men deserv- 


ing the title of ‘Father of the 
Computer.’ 
The new interest was induction 


machinery. The induction motor is 
essentially a constant-speed machine, 
although there are machines with two 
separate windings either of which can 
be excited to give a two-speed 
machine. Williams sought to make an 
induction motor whose speed could be 
continuously variable over a range and 
all of whose windings were used all the 
time. There was the disc motor derived 
from the linear induction motor; this 
was a flea-power machine which dem- 
onstrated the practicability of the 
idea, but it led to the spherical motor 
in which almost the whole surface of 
the rotor was in active use. A large 
motor of this type was made by 
Metropolitan-Vickers Electrical Com- 
pany, but the machining of spherical 
surfaces proved difficult and this may 
be why no further machines were 
made. 

There followed the ‘log-motor’ (a 
machine of amazing ingenuity), the 
phase-change motor (in which two- 
thirds of the windings were supplied 
through variable phase changers) 
several machines with discrete speeds 
and an induction-excited alternator. 
He also produced slow high-torque 
motors using the direct pull between 
magnetised surfaces. 

Whatever his interest at a particular 
time, Professor Williams spent practi- 
cally all his time in the laboratory or 
the workshop. Administrative work 
was left as much as possible to others 
and the time spent at his desk was 
minimised. He was nearly always to be 
found, in a cloud of tobacco smoke, 
supervising the construction of a 
device or its testing. 

He was awarded honorary doctorates 
from four Universities and was elected 
to Fellowship of the Royal Society in 
1950. He received many medals and 
other awards. He was made a Knight 
Bachelor in the Birthday Honours in 
1976. In his own University he was 
held in great respect and affection and 


he ran his Department with an easy - 


authority; his staff pursued their own- 
interests and under h® guidance their — 
individual abilities developed. More 
than 20 of his protégés are now 


Professors. bg 


Sir Frederic is survived bye Lady 
Williams, a son, a daughter and four 
grandsons. L. S. Piggott 
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Oystercatchers and Shellfish: Predator/Prey Studies, 
By John Goss-Custard, Selwyn McGrorty and Chris 
Reading. Pp. 10. (Cambridge: Institute of Terrestrial 
Ecology, Natural Environment Research Council, 
1977.) 60p net. [410 

Memoirs of the Royal Astronomical Society. Vol. 
84, Part 2: The Luminosity Distribution of Globular 
Clusters in the Virgo Cluster of Galaxies. By David 
A. Hanes, Observations of 104 Extragalactic Radio 
Sources with the Cambridge 5-km Telescope at 3 GHz. 
By C. J. Jenkins, G. G. Pooley and J, M. Riley. A 
Search for Beta Canis Majoris Stars. By L. A. Balona. 
Radial Velocities of Southern B Stars Determined at 
the Radcliffe Observatory-~VHI. Stars with HD 
Spectral Types B8 and B9. By Roger Wood. Pp. 45- 
134. (Oxford and London: Blackwell Scientific Pub- 
lications, 1977. Published for the Royal Astronomical 
Society.) {$id 

Green Crop Fractionation. (Proceedings of a Sym- 
posium organised by the British Grassland Society 
and the British Society of Animal Production, 25-26 
November, 1976, held at Harrogate, Yorkshire.) 
Edited by R. J. Wilkins. Pp. vii+ 189. (Occasional 
Symposium No. 9.) (Hurley, Maidenhead: British 
Grassland Society, 1977.) £5. {610 

Department of Health and Social Security. Nutrition 
Education: Report of a Working Party. (British 
Nutrition Foundation. Department of Health and 
Social Security. Health Education Council.) Pp. v+ 30. 
(London: Department of Health and Social Security, 
1977. Obtainable from HMSO.) (610 

Philosophical Transactions of the Royal Society 
of London. A: Mathematical and Physical Sciences. 
Vol, 287, No. 1342: The Interaction of Large Amplitude 
Barotropic Waves with an Ambient Shear Flow: 
Critical Flows. By E. Varley, J. Y, Kazakia and P, A. 
Blythe. Pp, 189-236. UK £2.90; Overseas £3. Vol. 287, 
No. 1343: Semi-Classical Mechanics in Phase Space: a 
Study of Wigner’s Function. By M. V. Berry, Pp. 237- 
271, UK £2.10; Overseas £2.20. (London: The Royal 
Society, 1977.) {610 

Meteorological Office, Geophysical Memoirs No. 
120: Average Temperatures, Contour Heights and 


Winds at 30 Millibars Over the Northern Hemi- 
sphere. By R. A. Ebdon. Pp. vi170 (48 plates), 
(London: HMSO, 1977.) £11.50 net. {710 


Annual Report of the Soil Survey, England and 
Wales, 1976. Pp. 43. (Harpenden, Herts: The Soil 
Survey, Rothamsted Experimental Station, 1977.) [1010 

Royal Observatory Annals. No. 11: Photohelio- 
graphic Results 1967, Pp, 114. (Herstmonceux Castle, 
Hailsham, Sussex: Royal Greenwich Observatory, 
1975.} £2.65 net, [1010 

Progress in Crystal Growth and Characterization, 
Vol. t, No. i, 1977. Edited by Dr. Brian R. Pamplin. 
Pp. 1-91. Published as one volume of four parts per 
year. 1977 Subscription rate: $45, (Oxford: Pergamon 
Press, Ltd., 1977.) {L110 

Medical Research Council. Senile and Presenile 
Dementias: a Report of the MRC Subcommittee. 
Compiled by W. A. Lishman. Pp. iv+23. (London: 
MRC, 1977.) [i310 

Rheumatology Workshop: a Modern Review of 
Geigy Pyrazoles. (Proceedings of a Meeting held at 
Grand Hote! Verdala, Rabat, Malta, G. C., 9th-13th 
March 1977.) (The Journal of International Medical 
Research, Vol. 5, Supplement 2.) Pp. 120. Symposium on 
Dano! (Danazol), held at The Royal College of 
Physicians, London, England, on 29th April 1977, (The 
Journal of International Medical Research, Vol. 5, 
Supplement 3.) Pp. 127. (Northampton: Cambridge, 
Medical Publications, Lid., 1977.) [130 

Department of the Environment. Welsh Office, 
Development Control Statistics 1975-76. Pp, v 4-44. 
(London: Department of the Environment, 20 Albert 
Embankment, 1977.) £L {1310 

Progress in Nuclear Energy, Vol. 1, No. 1, New Series, 
Executive Editdts: M. M. R. Williams and R. Sher. Pp. 
1-71 MOxt¥ed and New York: Permagon Press, 1977.) 
£10.50, {1310 

Radiating Cosmic Dust. By C. D. Andriesse. Pp, 
107-190. (Vistas in Astronomy, Vol. 21, Part 2.) (Oxford 
and New York: Pergamon Press, 1977.) £8.30. [1310 


Withdrawals of Authorisations for the use of NHS 
Hospital Accommodation and Services by Private 
Patients. (Proposals made by the Health Services Board 
under Section 4 of the Health Services Act 1976.) Pp. 
23. (London: HMSO, 1977). 44p net. {1410 

Philosophica! Transactions of the Royal Society of 
London. A: Mathematical and Physical Sciences, Vol. 
287, No. 1344: The Instability of the Thin Vortex Ring 
of Constant Vorticity. By Sheila E. Widnall and Chon- 
Yin Tsai. Pp. 273-305 + plate 1. (London: The Royal 
Society, 1977.) UK £2.15; Overseas £2.25, {1710 

Welsh Plant Breeding Station. Annual Report for 
1976. Pp. 216. (Plas Gogerddan, Near Aberystwyth: 
Welsh Plant Breeding Station, University College of 
Wales, 1977.) £2. 191 

Native Pinewood of Scotland: Proceedings of 
Aviemore Symposium, 1975, Edited by Dr. R. G. H. 
Bunce and Mr. J. N. R. Jeffers. Pp. x + 120. Cambridge: 
Natural Environment Research Council, Institute of 
Terrestrial Ecology, 68 Hills Road, 1977.) £230 yt 

Outlook, No. |, Autumn 1976. (Published Bi-Annually 
for Open University graduates), Pp. 1-16. (Walton Hall. 
Milton Keynes: The Open University, 1977.) [2010 

Proceedings of the Royal Society of London. B: 
Biological Sciences. Vol. 199, No. 1134: A Discussion 
on Technologies for Rural Health. Organised by D. A. J. 
Tyrrell, F. R. S., D. P. Burkitt, F. R.S., and Sir Wiliam 
Henderson, F. R, S. Pp. 1-187. (London: The Royal 
Society, 1977.) UK £5.10; Overseas £5,30. {2010, 

National Institute for Medical Research. Report for 
1976-77, Pp. iit 122. (London: Medical Research 
Council, 1977.) (2010 

University of London, University College Calendar 
1977-78. Pp. 186. (London: University College, atte 
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Department of Health and Social Security. Smoking 
and Professional People. Pp. 10. (London: Department 
of Health and Social Security, 1977. Available from 
HMSO.) {2410 

Department of Industry. Changes in the Population 
of Persons with Qualifications in Engineering, Tech- 
nology and Science, 1959 to 1976. (Studies in Techno- 
logical Manpower, No. 6.) Pp. vili+ 51. (London: 
HMSO, 1977. £3.25 net. [2410 

international Union of Pure and Applied Chemistry, 
Physicochemical Measurements: Catalogue of Reference 
Materials from National Laboratories. Pp. 505-515. 
(Oxford and New York: Pergamon Press, 1977.) pers 

(2 

Philosophical Transactions of the Royal Society of 
London, B: Biological Sciences. Vol. 280, No. 975: 
Pleistocene History of the Vale of St. Albans. By P. L. 
Gibbard. Pp. 445-483. UK £3.25. Overseas £3.35. Vol. 
280, No. 976: The Structure of Plankton Communities. 
By J. H. Steele and B, W. Frost, Pp. 485-534 UK £3.50, 
Overseas £3.60, Vol, 280, No. 977: Some New Namurian 
Bivalve Faunas and Their Significance in the Origin of 
Carbonicola and in the Colonization of Carboniferous 
Deitaic Environments. By R. M. C. Eager. Pp. 535-570 
+ plates 1-4. UK £2.95; Overseas £3.05, (London: The 
Royal Society, 1977.) [2610 

Snowdon. Pp. 7. (Cheltenham: Countryside Comis- 
sion, John Dower House, Crescent Place, 1977.) gratis. 
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Centre National pour VExploitation des Oceans. 
Rapport Annuel 1976. Pp. 87. (Paris: Centre National 
pour l‘Exploitation des Oceans, 1977.) {310 

Institut National de la Recherche Agronomique, 
Service d'Etude des Sols et de la Carte Pédologique de 
France. Carte Pédologique de France a 1:100,000— 
Dijon, Notice Explicative par J. Chrétien. Pp. 218 
(Versailles: Centre National de Recherches Agrono- 
miques, 1976.) F.53.50, [310 

Republic of South Africa: Department of Industries, 
Sea Fisheries Branch Investigational Report No. 143: 
Stock Differentation and Growth of the Southern 
African Kinglip Genypterus capensis. By A. i. L, Payne. 
Pp. 32. (Sea Point, Cape Town: Sea Fisheries Branch, 
Department of Industries, 1977.) {510 

United States Department of the Interior: Geological 
Survey, Professional Paper 994-A: Depositional 
Environment of Upper Cretaceous Black Sandstones of 
the Western Interior. By Robert S. Houston and John 
F, Murphy. Pp. v+ 29, (Washington, DC: US Govern- 
ment Printing Office, 1977.) [510 

Siemens Forschungs- und Entwicklungsberichte/ 
Research and Development Reports, 5/77, Bd, 6. Edited 
by Hans Suchlandt, Pp. 263-321. (Berlin and New York: 
Springer-Verlag, 1977.) {610 

United States Department of the Interior: Geological 
Survey. Bulletin 1278-E: Geochemical Exploration 
Techniques Based on Distribution of Selected Elements 
in Rocks, Soils, and Plants, Vekol Porphyry Copper 
Deposit Area, Pinal County, Arizona, By Maurice A. 
Chaffee. Pp. v +78. (Washington, DC: US Government 
Printing Office, 1977.) {610 

Indian Council of Medical Research. Annual Report 
of the Director-General, 1976: Pp. 168, (New Deihi: 
indian Council of Medical Research, 1977.) {610 

Swedish College of Forestry. Studia Forestalia 
Suecica. Nr. 137: Observations on Trees of Scots Pine 
(Pinus silvestris L,) and Lichens Around a HF and SO¢ 
Emission Source, By Jan-Erik Hallgren and Bengt 
Nyman. Pp. 40. Nr. 138: Site Index Estimation by 
Means of Site Properties, Scots Pine and Norway Spruce 
in Sweden. By Björn Hägglund and Jan-Erik Lundmark, 
Pp. 38. Nr.139: Isozyme Studies in Seed Orchards. By 
Dag Rudin and Dag Lindgren. Pp. 23. (Stockholm: 
Swedish College of Forestry, 1:277. Obtainable from 
Liber Distribution, S-162 89 Vällingby, Sweden.) [610 

CERN-—~European Organization for Nuclear Re- 
search. CERN 77-16: K_nand K~ p Elastic Scattering in 
Kd Collisions from 1.2 to 2.2 GeV/c. By Y. Declais, 
J. Duchon, M. Louvel, J.-P Patry, J. Seguinot, P. 
Baillon, C. Bricman, M. Ferro-Luzzi, J.-M. Perrau and 
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F. Ypsilantis. Pp. vi +- 86. (Geneva: CERN, 1977.) [710 
Marihuana Research Findings: 1976. Edited by 
Robert C, Petersen. (NIDA Research Monograph 14.) 
(US Department of Health, Education and Welfare, 
Public Health Service, Alcohol, Drug Abuse, and Mental 
Health Administration.) Pp. vi+251. (Washington, 
DC: US Government Printing Office, 1977.) {1010 
Department of Health, New Zealand. Environmental 
Radioactivity--Annual Report 1976. Pp. 13. (Christ- 
church: National Radiation Laboratory, 1977.) (1010 
Smithsonian Contributions to Zoology, No. 239: 
Comparative Ethology of the Large-spotted Genet 
(Genetta tigrina) and Some Related Viverrids. By 
Christen M. Wemmer. Pp. iii +93, (Washington, DC: 
Smithsonian Institution Press, 1977. For sale by US 
Government Printing Office.) [1010 
National Institute on Drug Abuse. Research Mono- 
graph Series, No. 13: Cocaine—1977, Edited by Robert 
C, Petersen and Richard C. Stillman. Pp. 223, (Rockville, 
Md.: Department of Health, Education, and Welfare, 
Public Health Service, Alcohol, Drug Abuse, and Mental 
Health Administration, 1977. For sale by US Govern- 
ment Printing Office, Washington, DC.) $3. [1310 
Fluid Phase Equilibria, Yol, 1, No. 1, September 1977, 
Pp. 1-91. Subscription for 1977/78: $58.95; DAL 144, 
Free sample copies available. (Amsterdam: Elsevier 
Scientific Publishing Company, 1977.) [i310 
intelligence, Vol. 1, No. i, January 1977, Edited by 
Douglas Detterman. Pp. 1-125, Published quarterly. 
Subscription Vol. 1, 1977: $38; Personal Subscription 
$15. (Norwood New Jersey: Ablex Publishing Cor- 
poration, 1977.) i4 
Cognitive Science, Vol, 1, No. t, January 1977. Edited 
by Roger Schank, Allan Collins and Eugene Charniak. 
Pp. {-123. Published quarterly, Subscription, Vol. Í. 
1977; $38; Personal subscription $15, (Norwood, New 
Jersey: Ablex Publishing Corporation, 1977.) {1410 
Smithsonian Contributions to Zoology, No. 252: 
Anisochromia straussi, New Species of Protogynous 
Hermaphroditic Fish, and Synonymy of Aniso- 
chromidae, Pseudoplesiopidae, and Pseudochromidae., 
By Victor G. Springer, C. Lavett Smith, and Thomas H. 
Fraser. Pp. 15. (Washington, DC: Smithsonian 
Institution Press, 1977, For sale by US Government 
Printing Office.) {1419 
A Report on the Lawrence Berkeley Laboratory, Pp. 
67. (Berkeley, Calif.: Lawrence Berkeley Laboratory, 
University of California, 1977.) [£410 
international Development Research Centre, Ottawa. 
On Common Ground: Report on the activities of IDRC 
1976/1977. Pp. 30. (Ottawa: IDRC, 1977.) {i710 
United States Department of the Interior: Geological 
Survey. Professional Paper 1020: Ordovician and 
Silurian Graptollite Succession in the Trail Creek Area. 
Central Idaho—-a Graptolite Zone Reference Section. 
By Claire Carter and Michael Churkin, Jr. Pp. iv + 36+ 
plates 1-7. (Washington, DC: US Government Printing 
Office, 1977.) [1710 
CERN: European Organization for Nuclear Re- 
search, CERN 77-15: ISR Performance for Pedestrians. 
By K. Hübner. Pp. 55. (Geneva: CERN, 1977.) {1710 
Australian Institute of Marine Science. Monograph 
Series, Vol. 1: Scleractina of Eastern Australia. Part 1. 
Families Thamnasteriidae, Astrocoeniidae, Pacillo’ 
poridae, By J. E. N. Veron and Michel Pichon. Pp. 86° 
(Townsville, Qd.: Australian Institute of Marine Science. 
1976.) A$4.70 plus postage. {1810, 
The Study of the Future: An Agenda for Research. 
Edited by Wayne i. Boucher. With contributions by 
Roy Amara ef al. Pp. ix+316. (Washington, DC: 
National Science Foundation, 1977, Obtainable fram 
US Government Printing Office, Washington.) $4.75. 
[2010 
The Pasteur Institute of Southern India, Coonoor. 
Annual Report of the Director 1975, and Scientific 
Report 1976. Pp. 68, (Coonoor, S. India: The Pasteur 
Institute of Southern India, 1977.) {2010 
Smithsonian Contributions to Paleobiology, No, 33: 
Evolution of Oblitacythereis from Paleocasta (Ostta- 
coda: Trachyleberididae) During the Cenozoic in the 
Mediterranean and Atlantic. By Richard H. Benson. 
Pp. iii +47. (Washington, DC: Smithsonian Institution 
Press, 1977. For sale by US Government Printing 
Office.) (2010 
Government of india. Annual Report of the Depart- 
ment of Space, 1976/1977. Pp. 64. (Bangalore: Depart- 
ment of Space, Government of India, 1977.) {2110 
Etude de l Acceleration de la Diffusion dans lOr et 
dans Aluminium sous Irradiation Neutronique. Par 
Denis Acker, (These presentee 4 [Universite de Paris 
Sud pour obtenir le Grade de Docteur es Sciences.) Pp. 
154. (C. E. N. de Saclay, B. P. No, 2, 91190 Gif-sur- 
Yvette; Commissariat a Energie Atomique, Division 
de Métallurgie et d’ Etude des Combustibles Nucleéaires, 
1977.) {2110 
National Science Council, Taipei, Taiwan. NSC 
Review, 1975-76. Pp. 136. (Taipei, Taiwan: National 
Science Council, Republic of China, 1977.) [2410 
World Health Organization, Technical Report Series. 
No. 6L1: Use of fonizing Radiation and Radionuclides 
on Human Beings for Medical Research. Training, and 
Nonmedical Purposes-—-Report of a WHO Expert 
Committee. Pp. 39. (Geneva: WHO; London:-HMSO, 
1977.) Sw, fr.6; $2.40, 2410 
Australia: Commonwealth Scientific and Industrial 
Research Organization. CSIRO Plant Industry 1976. 
Pp. 146. (East Melbourne: CSIRO, 1977.) (2410 
Australian Journal of Zoolagy, Supplementary Series. 
No. 50: The Generic Classigcation of the Bolboceratini 
ofthe Australian Region, with Descriptions of Four New 
Genera (Scarabaeidae: Geotrupinae). By H. F. Howden 
and J. B. Cooper. Pp, 50, No. 51: A Revision of 
Australian Fanniidae (Diptera: Calyptrata), By A. C. 
Pont. Pp. 60, (East Melbourne: Editorial and Publi- 
cations Service, CSIRO, P.O. Box 89, 1977.) [2410 
Australia: Commonwealth Scientific and industria. 
Research Organization. Annual Report of the Division 
of Animal Health, 1976. Pp. 160. (East Melbourne: 
CSIRO, 1977.) {2410 
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Mathematics 


ALTMAN, M. Contractors and Contractor Directions: Theary and Apphoutions a New 
Approach to Solving Equations. (Lecture Notes in Pure and Apphed Mathematics, Vol 32.5 
Pp.x + 290. ISBN-O-8247.6672-5 {New York and Basel: Marcel Dekker. Ino., 1977.) SP rs. 80. 

BAILEY Jo. WoL. and SHIODA, T. (edited by} Complex Analysis and Algebraic Geometry. 
(A Collection of Papers Dedicated to K. Kodaira.) Ppi e 401. ISBN-0-521-21777-6. (Cam- 
bridge. London and New York: Cambridge University Press, 1977.) £28. 

BERGER. Melvin S. Ninhinearity and Finctiona! Analysis: Lectures on Nintinear Problems in 
Mathematical Analysis. (Pure and Applied Mathematics: a Series of Monographs and Textbooks.) 
Pp. xix + + ISBN-O- 1 3-090350-4, (New York and London: Avademis Press. a Subsidiary of 
Harcourt Brace Jovanovich, Publishers. 1977.) 324 50, £1740. 

BIGGS, Norman. Interaction Models. (Course given at Royal Holloway College, University of 
London. Oetober-Devember 1976. London Mathematical Society Lecture Note Series, Ne 30) 
Pp 10H ISBN-0-521-24770-0 (Cambridge. London and New York: Cambridge. University Press, 
1977.) £4.50, 

CHADWICK. P. Costinuum Mechanics: Concise Theory and Problems. Pp. 174. ISBN-O-0d- 
510057-8. (London: George Allen and Unwin, Lid.. 1976.) £3.95. 

DIEUDONNE, J. Treatise on Analysis, Vol 5. Translated by L G. Macdonald. (Pure and 
Applied Mathematics: a Series of Monographs and Textbooks, Vol. 10-V.) Ppi + 243. ISBN-O- 
{2-2 14508-Niv 4), (New York and London: Academic Press. a Subsidiary of Harcourt Brace 
Jovanovich, Publishers, 1977.) $21.56: £15.25, 

FEENBERG, Stephen E. The Analysis of Cross-Classified Categorical Data. Ppa + 131 ISBN- 
0-262-06063-9, (Cambridge, Mass. and Londen: the MET Press. 1977.) $10.95, 

GIBBONS, Jean Dickinson. OLKIN, Ingram. and SOBEL, Mikon. Selecting and Ordering 
Populations: A New Statistical Methodology. (A Wiley Publication ip Apphed Statistics.) 
Pp axi + 869. ISBN-0-471-02670-0, (New York and London: John Wiley and Sons, 1977.) $31.70; 
EIS.75. 

GONZALEZ, Rafael and WENTZ, Paul. Digital Image Processing. (Apphed Muathemutics and 
Computation. No f3) Ppaxvitd3h. PISBN-O.201-G2597.40 (Reading. Mass. and London: 
Addison-Wesley Publishing Company. 1977.) Hard binding $29.50: Paper binding $19.30, 

GREEN, L R. and MARGERIESON, D. Statistical Treatment ot Experimental Data. 
Pp.x + 382. ISBN-0-444-41615-3) Amsterdam: Elsevier Scientific Publishing Company. 1977, 
Distributed in the USA and Canada by Elsevier North-Holland. inec.. New York.) DAL RS, $44.95, 

IYANAGA, S. and KAWADA, Y. tedited by). Encyclopedic Dicuonury of Mathemanes. By 
the Mathematical Society of Japan. Translation reviewed by Kermeth O. May. Vol 1i xiv + 7-882. 
Vol. 2: Pp.885-1750. ISBN-0-262-09016-3. (Cambridge. Mass. and London: The MUP Press. 
1977.) £80, 

MASON. J. David (edited by). Proceedings of the Conference on Stochastic Differential 
Equations and Appheanens, Park City. Utah, February 17-20, 1976. Ppux¢+ 233. ISBN-G-12- 
478050-4. (New York and London: Academic Press. a Subsidiary of Harcourt Brace Jovanovich, 
Publishers. 1977 $10.50. £7.45, 

MICCHELLE. Charles A.. and RIVLEN, Theodore J. (edited by). Optimal Estimation in 
Approximation Theory. (The IBM Research Symposia Series.) Pp.ix + 300. ISBN-O- 306-3 1049-X, 
iNew York and London: Plenum Press, £977.) $35.40, 

RABINOWTEZ. Paul H. tedued by), Appheauons of Bifurcation Theory. (Proceedings of an 
Advanced Semimar Conducted by the Mathematics Research Center. The University of Wisconsin 
at Madison. October 27-29) 1976. Publication No. 38.) Ppi + 389. ISBN-O-12-574250-9. (New 
York and London: Academie Press. a Subsidiary of Harcourt Brace Jovanovich. Publishers. 1977, ) 
SISSA EIL 

SZMYDT. Zofw. Fourter Transformation and Linear Differentia) Equations. Translated from 
the Polish by Marom E. Kuczma. Ppoxix + 503. ISBN-90-277-0622-0. (Dordrecht, Holland and 
Boston, Mass: D. Reidel Publishing Company: Warszawa: PWN. Polish Scientific Publishers, 
1977.) DH 90: $34. 

VAN RYZIN, L (edited by}, Classificauen and Clustering. (Proceedings of an Advanced 
Semmar Conducted by the Mathematics Research Center, The University of Wisconsn at 
Madison. May 3-5. 1976.) Pp.x +467. ISBN-O- 12-714350-9. (New York and London: Academie 
Press, a Subsidiary of Harcourt Brace Jovanovich. Publishers. 1977.) $17, £12.05 


Astronomy 


COLLINS, Mike (compiled by). Astronomical Catalogues 1951-1975, (Bibliography Series 
Nol.) Ppi + 325. ISHN-O-S5296-44d0-4. (Aitchin. Herts. INSPEC, The Institution of Electrical 
Engineers, 1977.) OK £70: rest of the world £80. 

DE JONG, T.. and MAEDER, A, (edited by). Star Formation. (international Astronomical 
Union Union Astronomique Internationale. Symposium Neo. 75, held in Geneva. Switzerland. 
September 6-10, 1976.) Pp.xiv +296. ISBN-90.277-0796-0. (Dordrecht, Holland and Bastan, 
Mass.: D. Reidel Publishing Company, 1977.) Cloth Df. 75, $30. Paper DA. 48: $18. 

JAUNCEY. David L. (edited byl Radio Astronomy and Cosmology. (international As- 
tronomical Union Union Astronomigue internationale. Sympostum Neo. 74, held at Cavendish 
Laboratory, Cambridge. England. August 16-20, 1976.) Pp.xax +398. ISBN-90-277-08 38-X. 
(Dordrecht. Holland and Boston, Mass.: D. Reidel Publishing Company, 1977.) Cloth Df. 95: 

. $38, Paper DA. 50. $19 50. 

MITTON, Simon (editor-in-chief), The Cambridge Encyclopaedia of Astronomy. Pp.48t. 
ISBN-0-224-01418-8 (London: Jonathan Cape. Lid. 1977.) ELS net. 

MULLER, Edith (edited by}. Highlights of Astronomy. Vol. 4. (As presented at the 16th 
General Assembly, 1976. International Astrononical Union Union Astronomique fr- 
ternationale.) Part bo Pp 370, ISBN-90.277-0849-5, Cloth DA, 85, $34. Paper DR. 84: $22. Part 2: 
Pp 403., ISBN -90-277-08 50-9. Cloth DA. 95: S38. Paper Df, 62.50: $28. (Dordrecht. Holland and 
Boston, Mass. D. Reade! Publishing Company, 1977.) 

MULLER. Edith A. and JAPPEL. Arnost (edited by). Proceedings of the Sixteenth General 
Assembly, Grenoble 1976. tinternauonal Astronomical Union Union Astronomique fn- 
ternauionale. Transactions of the Iniernational Astronomical Union, Vol. 16B). Pp.x + 586. ISBN- 
H)-277-0836-3. (Dordrecht, Holland and Boston, Mass. D. Reide! Publishing Company. 19773 
DR. 125: $80. 

ROWAN-ROBINSON, Michael Cosmology. (Oxford Physics Series.) Pps + 188. ISBN-O-19- 
SS1838-2. (Oxford: Clarendon Press, London. Oxford University Press. 1977.) Boards £6 net. 
Paper £2.95 net, 


Physics 


BRAGINSKY. V. B, and MANUKIN, A. B. Measurement of Weak Forces in Physics 
Experiments, Edited by David H. Douglass. Pp.xin+ 153, ISBN-0-226-07070-0, (Chicago and 
London: The University of Chicago Press, 1977.4 £7, 

CHEN. Chih-Wen Magnetism and Metallurgy of Soft Magnetic Materials. (Series af Mono- 
graphs on Selected Topics in Solid State Physics.) Pp xvii + 371. ISBN-O-7204-0706-0. (Amster- 
dam. New York and Oxford: North-Holland Publishing Company, 1977.) DAL 175: $71.50. 

CHOOUET-BRUHAT. Yvonne, DEWITT-MORETTE. Cecile. and DILLARD-BLEICK. 
Margaret. Analysis. Manifolds and Physics. Pp.xvii +544. ISBN-0- 7204-04940. (Amsterdam, 
New York and Oxford: North-Holland Publishing Company. 1977.) DA. 49.50. $19.50. 

DUGDALE. J. §. The Electrival Properties of Metals and Alloys. (The Structures and 
Properties of Solds. 5) Pp.292. @SBN-O-7131-2424-1. (London: Edward Arnold (Publishers). 
Lid., 1977.) Boards £10.50; Paper £4.95, 

7  FLUENDY. M. A. D. Chemical Applications of Molecular Beam Scattering. (Studies in 

Chemical Physics.) Ppxi +400. ISBN-0-412-15550-8. (London: Chapman and Hall. 1977. 
He ee inthe USA by Halsted Press, a Division of John Wiley and Sons. inc.. New York.) 
um a}, 

HENDERSON, B. and WERTZ. J. E. Defects in the Alkaline Earth Oxides, with Applications 
to Raduton Damage and Catalysis. (Taylor and Francis Monographs on Physics.) Pp. 159. ISBN- 
0-85066-086-6. (London: Taylor and Francis, Lid.. 1977.) £8.50 net. 

KALDIS. E. and SCHEEL. H.J. (edited by). 1976 Crystal Growth and Materials, (A Selection 


. 
+ 


T 
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